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Glossary of Terms

n wQa 5 ST Ay S RKedpihditlie Cgunty Running: Natural Hazards &
LYFNF aGNHzOGdzZNBEX Hnamme +Fa (¢& n | aLls
resilience, redundancy, response, resistance, reliability)

Assetperformance indicator A measure of asset failure events e.g. bursts/km/yr

Critical An asset or component whose failure would result in a loss of service
and a risk event. Often used to describe assets for which the
consequences of failure wouldsobe vay severe

Criticality A measue of how critical somethin¢such as an assdf

Condition indicator Measure of the physical state of the asset e.g. remaining pipe wall
thickness

Consequence The impact of failure-or examplea cost impact, service impact,

environmentl impact, damage to health

Context indicator Influencingvariable potentially affecting failure probability e.g.
temperature, water aggressivity

Indicator A general term covering measures, metrics and parameters for
measuring risk to servic€an be a qualitative, indicative parameter

Infrastructure Aterm that refers to assets including water distribution pipes, trunk
mains and sewers that allow the distribution and return of water and
waste. Infrastructure assets are predominantly (but ertlusively)
below ground

Measures A primary and quantitative parameter. Used interchanggavith
0KS GSNY WAYRAOI G2ND

Measures of Success (MoS) A primary measure of service to customers and the environment,
which supports delivery of amutcome/customer promise

Non infrastructure A term that defines water company assets that are not classed as
infrastructure. These may include for example reservoirs, dams,
water and waste water treatment works and pumping stations.
Theseare predominantiabove ground

Outcome Delivery Incentive  Reward and penalty based mechanism for incentivizing outcomes:
based on performance against the target for the MoS

Performance Commitment Target level of performance for the MoS

Resilience Ability of assets, netwoskand systems to anticipate, absorb,
adapt to and / or rapidly recover from a disruptive event

Redundancy Avoiding dependence of a system on single assets or facdities
standby pumps, duplicate water mains

Reliability A measure othe likelihood thatan asset osystemwill function
GKSY A0 Aad NBIldZANBR (G2 W2LISNIGSQ
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Resistance

Responsf&ecovery

Serviceability indicator

Service indicator

Service measure

Subthreshold indicator

Provision of protection for the assets in a system so they are
resistant to known risks

Processes and systemgpically operational, such as early warning
alams and rapid response platigat can minimise impact and
support the ability of a system to recover quickly so that senoss

is minimised

Indicatorsintroduced prior tothe aurrent Outcomes based approach,
comprisingasset andservice indicators aimed at demonstrating the
ability of the assets to deliver service to customers

Direct measures of customer and environmental impact

The monetised parameters usedrmeasure risk anglalue service
delivery used in many asset management tools.

A monitored parameter (e.g. water quality) that is exceeding
expected values but not yet exceeded compliance standards or
targets (typically moitored against trigger values)
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Executive Summary

Asset health is keyelement indelivering resilient water and wastewater servicégs our belief
that asset health is widely understood to be a vitally important factor in providing metsfiérvices,
both now and in the future.

Thistargetedreview was intended to help Ofwat better understand how water companies in
England and Wales are approaching the measurement and management of assetdrehlth
importantly, how this contributes to thir wider approach to resilienc@ur interviews provided
evidence that the water companies are taking their obligations on asset health seriously

We believe that whilstthere are fewimmediatelyserious concerns regarding thapact of asset

health onservice there are some issuesas outlined belowthat will requireongoing scrutinyMany

of these drivers are not new. External challenges to asset health, such as climate change, population
growth and aging assets continue apace, with new pressurdsasithe regulatory and political

focus mean that it has now become imperative that the industry consider how to move forward.

It is importantthat the water companies are being proactive in this area and that the role of asset
health is understood in theontext of risk to service and investment decision mak@wgnsequently,
the aim of this targeted review was to understand how well companies understand the risks
associated with poor asset heajttiow they identify and measure those risks and what they are
doing to mitigate them.

In support of these objectivesje undertookstructured interviews vth senior representatives
the water companies in England and Weadesossseveraltopics,including

Understanding of asset health and the risk to service

Measurement of assetdalth

Asset health in decision making

Asset health and the customer

Assurance around the health and impact on service for existing and new assets
Incentives and barris to innovation

International practice

=4 =4 -4 8 -8 -9 9

This review has provided a valuable opportunity to gain a systematic understanding of the
approaches and procedures that companies have in place with respect to asset health. Although
limited by the perceptions ofhibse interviewed and the timescales of the project, purpose was

to gather knowledge, identify general issues and examples of good pradtieeheadlines below

are evidence that this has been achieved

It was apparent that, whilst there are areas &g practice, there arareas where companies do
things differently and wheréurther discussion and investigatiamould be beneficial to raise the bar
across the industryThese issues and opportunities are considered in the main chapters of this
report and are the focus for our final conclusions and recommendations.

In summary, ouheadline observations are

Understanding of asset headthd risk to service

1) For the majority, asset health is measured and reported lleasure of SuccesMpS and
isa varant of the former serviceability indicators (noécessarilyalled asset health). Some
companies believe that this ssifficient whereas others talked about possible changes being
required so that the measure is more forward |law
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2) There is diverse opinion astdhat, exactlyasset health isFor example, is & measure of
asset conditiohperformanceand/or service and fithess for purpo®@&hebeliefthat asset
health has a number dimensions and is inextricably linked with theegiioé resilience was
common Different facets of asset health may be more relevant for different asset types and
their circumstances

Measuring and moniteoing the health of assets

3) All companies use additional data (indicators) to support understandinigkofo service and
to support investment decisions, such as outputs from deterioration models, observations of
repeat asset failures and siteased risk assessment information

4) In general asset condition was not thought to be a good asset health indichtdeed,
some @mpanies do not like talking about asset conditidhismay bebecause early capital
maintenanceplanningtools were condition based, and:

1 A condition based approach is not risk based

I The tools tended to use visual condition grading faseds and the correlation
between visual condition and remaining life or failure probability is often weak
(but not in all cases)

However, some companies recognise that certain types of asset conditiorfvetzdee the
condition data is a good indicator f&ilure probability) can be of valuge.g.trunk mains
critical sewersprovided it is used to inform riskfery low failure rate assetsould benefit
from this understandingsee point 6 below)it is noted that thisssuehas been subject to
previousresearch by UKWI®eterioration of long life assets WMLL3

Asset health, expendituptanning and decision making

5) All companies consider the role of asset health in the context of &&skd planning
framework (the Common Framework/Expenditure Planriingmework) and use a variety of
tools and models to link health (measured through asset performance and service) to service
risk and expenditure need. Some companies stated an intent to develop forward looking
asset health indicators based on better undargling of asset aging/deterioratiokVe
believe that all companies should consider measures wihfciim risks to servicéo current
and future consumers

6) For critical, high consequence infrastructure assets (especially where failure probability is
very lov and consequently difficult to predict using statistical extrapolation) there is a risk of
unexpected failure and extensive local damageluding risk to liféf the asset is near to a
railway line, road etcUnderstanding the state/condition of such assets can inform
probability and risk mitigatiorwe believe that there is a need to take stock of the costs and
benefits of developing this awareness for critical, high consequence assath as trunk
mains It is also imperative that companies have a good knowledge of where their critical
assets are and the potential consequences of failur@rder to support this analysis

7) Asset healtiassuming this is a measure of asset condition and asset performiamoe)
always an accurate or reliable indicator of service (and vice v&sa)ice failures can be
managed through operational resilience mitigations and having redundancy and standby.
CKSNBE A& tA1Ste 2 bamenteimsefesstagerofidbity) 2 LIG A Y dzy
redundancy, response and recovemtigations, bu it will be situation specifiaMore work is
required by compaies to understand this balance

1 Remaining life is another difficult to define concept. It could be used to indicate 1) time to failure 2) time to redicialdionit state 3)
the point at which it will be economic to repladeetasset, etc.
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8) Some companies raised the risk of an asset health bow adsieg becauseapital
maintenancehadnot kept pace with asset deterioratiomesulting in the risk of # Of A F ¥ SR3I S
when many assets start failingle are not aware of any strong evidence that this is likely to
be an issue in the short to medium terthe very wide statisticalistribution of the rates of
aging of some of the assets mentioned as being potential problergsséwerswould tend
to result in a gradual increase in failure rathievertheless, we believe that companies
should act now to make use of a window of oprtonity to improvetheir understanding of
the relationship between asset health, service impact and underlying levels of expenditure
on capital maintenanceand avoid anycliff edges emerging in future

9) Fornorrinfrastructureproduction assets, there tgpicallya lot of inherent resilience to
service loss due to the-built redundancy(standby and duplication)Consequentlythe
significance of the health of individual pieces of equipment is less clear. However, it is
important thatthe complexitiesof the role played by noinfrastructure assets are
understood andthat effective maintenance regimes are in platigs likely that there are
major opportunities for optimising maintenance strategiesd improving efficiency
through a better understandingf asset health and resilience

Understanding theeivs of the customer

10) Most water companies do not appear to have consulti@@ctlyon asset health in terms of
the state of the assets. Consultation has been around service and outcd&oegpanies
need togive careful consideration as to how best to engage with their customever
asset health

Assuring our approach to assealth and maintaining service

11) All companies have assurance processes in place relating to data, tools and systems as well
as emergacy response and commissioning of new assets. The processes stated to be in
place give confidence that they are sufficient, but this has not been tested in detail and
merits some further consideration. We note that companies with ISO 55000 certification wi
have some additional mechanisms for checking, audit and continuous improveinisnt
important that companies can demonstrate that their assurance processesffantive and
commensurate with need

12) Some water companies rely heavily thie supply chair(i.e. delivery partnes, contractors
andsupplies). Thereis not always evidece of an independent view and assurance when
new assets (in particulacomplex ones) are put into servidé&/e believe his may merit
further scrutiny

Incentives and barrier

13) Financial barriers to invest in innovation were raised, but on balance the UK provides a
mature and stable market place for technology providers to invest and there is great
opportunity forknowledge sharing and learning

14) There have been some assertionstthi@ regulatory regime may inadvertently discourage
technological innovation and lead to some shtatm behavioursOur thoughts on
innovation are that the reported barriers can be surmounted and that the water
companies of England and Wales and the Ui€ an a good position to be world class
innovators for the sector on the measurement and management of asset health

Lessas from international practice

15) We have seernhat the water companies in England and Wales have been active in trialling
andtesting tedinologyfor measuring and managing asset healibwever, adoptiorio date
is limitedandhas not yet led to alearstep-change in asset performance or understanding
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of risk to serviceNonetheless, we believe more can be done in this areavaencourage
ongoing efforts to identify codbeneficial innovations and technologies that improve
understanding of asset healtkiVe note thatinvestment in innovation in certain other
sectors is considerably greater, affording opportunity fonttemarking ad learningand
these should bexploredmore aggressivel\Go, vhilstwe note thatthe UK water sector
appears to beaelatively mature in terms of trial and use of technologiesnpared tosome
internationalwater companiesthere isgreat value in maintahing awareness of the work
going onin more innovative sector§ f a S6 KSNBX | yR GKS WRI {1
analytics etc.) is likely to provide significant future opportunitiés asset management

CH2M 4
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Introduction
1.1 Background

Poor or sukoptimal asset health can lead to deterioration in service, particularly with respect to
water quality and quantity issuewhich are of fundamental concern to customers and the
environment.This is not amew concept For many years water companies in England aatbghave
been aware of the importance of the state of their assets in terms of the ability to deliver service to
customers. Indeed, even before the 1989 privatisation of the water sewerage companies the
issueof poor asset health and the impact on gige had been recognised and was the focus for
development ofguidancedocumentssuchag wOQa 2 §SNJ al Aya wSKmhig At Adl
highlightedthe problems of deterioration of ferrous water mains and the adverse impact on water
quality, pressug, supplycontinuity and operating costs. The solution was to develop and implement
a structured and integrated planning approach and prioritise mains rehabilitatoording to cost

and benefits, thereby improving asset health.

The specific issue of thdeterioration of ferrous water mains has been bought under control

through many years of targeted investment adiay, water companiesre more awareof risks

and have better knowledge of their systems, so they can respond more effectively when incidents
occur. Nonetheless, asset health and the effect of the state of the assets on service to customers and
the environment remains topical and it is important that we remain vigilant and responsive to

current and future risks, remaining appreciative of asssttdoration and potential failure modes to
enable timely and optimal intervention.

We note also that the Water Act 2014 introduced a duty for Ofwat to further the resilience objective

FYyR FaaSd KSFIf{GK Aa | 1Se& | iaddar desilerf waileKafd 4 SO 2 NI 3
wastewater services to current and future customers. Furthermore, asset health is highlighted as a

1Se& AaadzS dohsiltatioryon th& autcoin€sdramework for PRib9which draft

expectations were put forward for hosompanies should address asset hegltbw to improve
NBLEZ2NIAY3I NBIAdANBYSYy(Ga (42 LINRPOARS Of I NRiGe 2y O2Y
increase standardation in this area.

1.2 Objectives and approach

Thistargetedreview was commissioned by Ofwathetter understand how the water companies in
England and Wales are approaching the measurement and management of asset health. The
purpose was t@ather information about current approaches to asset health across thestngdand

use this tohelp determine how well companies understand the risks associated with resilience and
asset health and whether they are taking appropriate measures to mitigate tdsat want to
ensurethat the current regulatory approach can suppeompanies in being proactive in dealing

with asset health and help address any (real or perceived) conflicts. Ofwat is seeking reassurance
that the water companies are beirfigrward-lookingin this area and that the role of asset health is
understood inthe context of risk to service and investment decision makihg.targeted review
considers the following key questions posed by Ofwat:

1) How does asset health contributethoe 02 YL YA SAQ S6ARSNI I LILINR I OK (2
2) How well do companies understand thisks associated with poor asset health?
3) How do companies identify and measure those risks, and what are they doing to mitigate
them?
4) What assurance processes do the companies have in place, and how do they respond to
failures when these occur?

To answerhese questions, the review compares current approaches across the sector, drawing out
examples of best practice and areas with the greatest potential for improverifiergather the
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necessary information, we developed a structured questionnihia¢ we aske the companies to
complete. We then carried out interviews with relevant staff within each of the companies to discuss
their responses and question them in more detail around specific areas of interest or concern. We
asked the companies a wide range oegtions, grouped under several core topic areas, each of
which is discussed in more detail in the followsagtions

The information gathered from the questionnaire responses and subsequent interviews has been
collated and analysed to help answer the kgyestions posed by Ofwat at the outset of this

targeted review.This analysis, and the resultant responses to the questions, are described in the
subsequent sections of this report.

Note: we havesummarisedsome of the keyiindingsfor each of the companieand this is captued
in AppendixA ¢ Headline findings from each company interview

1.2.1 Working definitions of asset health and its context

The guestions in this category were designed to help us to understand how companies view asset
health. In addition, through comparing responses across all the companies, we wanted to
understand the diversity that exists in the working definitions used between companies and how
differences in workinglefinitionsare influencing company specific appches to evaluating asset
health and its implications on risk (of service failure) and the resilience of water and-watse
systems.

We asked about how companies currently define asset health; whethed@hritions vary by asset
groupand how compaies determine the effect of asset health on the risk (of service failure) and
the resilience of their services.

Company responses to these questions have provided insight into the broader issue of how their
understanding and assessment of asset heatthifito their wider plans for managing the resilience
and the performance of their assets and service systems.

1.2.2 Establishing the lindetweenasset health, performance, service and
outcomes

Understanding how asset health will affect service and outcomessiential for understanding the

costs and benefits of maintaing or improving assdtealth,andfor justifying an asset health

focused business case. Understanding these complex linkages necessitates an investment in data
and information and applicatioof tools and processes that help to elicit and quantify these
relationships. For some assets, there is considerable uncertainty in developing these relationships
and it is important that the risks associated with these uncertainties are understood. Wiodede

the questions in this category to draw out evidence that the companies have formally explored these
relationships and have compiled an evidence base to help support their position on asset health. We
asked how companies are linking asset health tdggenance, service and outcomes; what tools

they use to model and predict asset health; how probability and potential consequences of asset
failure are identified and validatednd whatcompanies are doing to plan fand mitigate the

impacts of, asset fhire.

1.2.1 Measurement basset health

We asked how asset healthneasuredto better understand the metrics used by the companies

for measuring asset health and also how they are identifying and using new technology to quantify

I'yYyR LINBRAOG aaSi KSIHtaGKed 2SS gl yGdSR (2 FAYR 2dz
indicators, to get an idea of what is measured at the asset level and how this ultimately is used. We

also wanted to discover what technology innovations are being implemented and how these are
benefiting the companies and their customers. We asked what#tors and measuseof service

are currently usedhow effective these are and how they could be improved; about the quality of
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asset data and about the techniques and technologies companies are using to monitor the health of
their assets

1.2.2 The influencefaasset health oaxpenditurgplanning and decision
making

Ultimately, the purpose of asset health information is to support targeted, prioritised and cost
effective/beneficial investment decision making. Customers tend to value service and outcomes as
opposed to asset health per se, so it is important to show how asset health affects service and in
turn to demonstrate how expenditure will affect asset health. These questions were aimed at
understanding how the benefit of investment on asset health reenbdetermined and how asset
health is being used by the companies in their decisiaking processes. We also wanted to

dzy RSNR UGl YR AFkK2g hTol 1Qa OdzNNByd NBIdz I G2 NE
potentially affecting asset health. We askiow asset health data is used to inform investment
decisions; the relationship between asset health to service and investment; how asset criticality
AYyFEdzSyoSa O2YLI yASaQ | LIINEBIFOK (2 Y2 y¥haybdAy 3
affecting assehealthand how the health and resilience of new assets should be valued in
investment choices.

1.2.3 Communication and the views of the customer

The aim of tis question was to find out how evhether companies are engaging with customers on
asset health, inclding how they have introduced and explained the concept of asset health to their
customers and what level of value customers place on it.

1.2.4 Asset health assurance

The purpose of the questions in this final category was to understand how companies aragnsuri
that their asset health assumptions, metrics and forecasts are robust and transparent. We asked
how companies have been performing against their asset health commitments and what has
influenced this; about the assurance processes being used (for gxéstohnew assets) and about
what the companies perceive as the main barriers to innovation in asset health management and
what can be done in future to help overcome these.

1.3 Report structure

Sectionl providesa general introduction

Section 2¢ 7 summarisethe key findings of the company consultations carried out as part of this
targeted review.

Section8 provides a short assessment of the UK position against international practice.
Section draws out key conclusions
Appendix A, B @rovide company compaonsin tabular format

Appendix A: Headline findings from each company interview
Appendix BSummary of key technologies reported by water companies
Appendix CLinking asset heath, service amgestment

Appendix Dsummarises inspectioand monitoring échnology reviewed in Section 3.
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1.4 Accuracy and omissions

We have endeavoured to achieve a fair and balanced view of asset health measurement and
management by water companies in England and Wale$elp ensure consistency, we used a set
of structuredquestions and held regular internal briefings to share knowledge and experience.

We decided that this report would be of greataésterest and benefiif we identified some of the
activities and approach being used by specific companies and similarlgquexamples of
technologies in use. We recognise that this camisappointing for companie§omissions or
inaccuracies are reported and we accept the potential for, thig we (CH2M)cannot guarantee
that we have gerfectanalysis of current pracécbecause:

1 Thistargetedreview has been undertaken over a short period of time and it has covered a
wide range of topicsTodeliver the project programmeseveraldifferent teams undertook
the water company interviews. Each of the interviewers had exgerh one or more
technical disciplines and in water company assurance. This would have potential to create
some bias and perhaps encourage a differing focus for discusstareen the teamsWe
note that an extended programme would have allowed a singkrview team toundertake
allthe interviews and allow furthevalidation of responselhiscouldhave hadseveral
benefits:

o Consistency and replicability of interview technique and focus

o ! ONRIFIRSNJ dzy RSNEGFYRAY3 2F (geStiorBandLI YA S&Q
across the water company

1 In preparing this review CH2M have relied on information provided by each of the
companies during an informal interview and any follow up information they chose to
provide. This information has not been independently verified and we have assumed it to be
accurate and reliable. While we have drawn out examples of good practice and quotes from
the companies interviewed throughout our review, we have been wholly reliant on the
information that was provided. As such it is possible that compareegdentified
specificallyare undertaking similar work, but simply their responses focused on different
examplesTherefore while we provide examples, readers should not infer that those not
mentioned are underperforming or not meeting expectations in any.Wey alsonote that
the review is not exhaustive and issues may exist thahawe not been able to identify

1 The work was conducted in a relatively short period of time and this report has not been
circulated for comment to the companies who are subject to theawvi

o0 Some of the companies provided a significant quantity of follow up materials,
though the time constraints and volume of this have meant that there will be
inconsistencies in terms of reflecting this in our report

o Companies will have chosen to focusgpecific topics and the exténf written
materials provided has varied in scope and depth

0 We have not documented all of the technologies that were identified and
acknowledge that this is a major technical area and worthy of review in its own
right; the irclusion of a specific technology in this report does not reflect an
endorsement fotthat type or rand of product
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Understanding of asset health
2.1 Context

CKS O2YLI yASa AYUSNBASGSR R2 y20 KF@S |y | 3INBSR
KSIHfGKQ® . dziz GKSNB A& ONRIFIR F3aNBSYSyid FONR&aa O2
WaasSid O2yRAGAZ2YQ A yondid&motionythe priyScal stéateSof thelags@ buy S S Ra
also the role and importance of the asset in ensuring that service performance targets and customer
expectations can be met.

We (CH2M) offer the follow definitions to help inform the discussion, though it maisiblted that
these are our views and not necessarily agreed by others:

Asset condition this is a measure of the state of the asset.

Condition is a measure of the ability of the asset to resist load and is a potential surrogate for

remaining life and failre probability. Howeverthere are many ways of assessing asset condition

and some do not give a very precise measure of the remaining life/failure probability. For example,
Gradzr t AyaLSOlAzy oAff y2AssetidkterigrativiKalstanitdoriadta o0 St 2 ¢
considerationwhen trying to estimate remaining life.

Fit for purpose this is a measure of how well the assan fulfil its function.

The asset can be in great condition, with low probability of breaking, but may be under gapacit

of the wrong type and cannot deliver sufficient produdte have excluded this from the asset

health review.

Remaining life this is an estimate of how long before the asset will need to be repaired or replaced.
¢KSNBE NB adzonidftS AyidSNLNBenhsEdoBoyhia setvide lifé 8 thedpkiimt i WNB Y
where an analysis of whole life costs would indicate that there is greatest net benefit of

intervention. Some assets may continue to operate well beytbedt nominal remaining life

perhaps in an uneconomic state or simply because their operating environment is relatively benign
and the asset has not yet been exposed to a stress that will cause failure. When exploring remaining
life, it is important to reognise that for a population of similar assets, there will be statistical
distribution around the expected remaining life mean. Local information is essential for determining
where in the distribution the asset is likely to sit.

Failure probability thisis a measure of the likelihood that the asset will fail in some way.

It is important to appreciate that assets can fail in different ways (different failure modes) and this
can have different impacts on service (leak vrs burst for example). Failure giyb@ke remaining

life) is influenced by the nature of the asset and the operating environment. Some assets exhibit age
related deterioration and the failure probabilities can increase with tiB@me assets are

maintainable and maintenance regime dafluence failure probabilitWwhen an asset fails, service

can be disrupted. However, the speed with which the company responds; the availability of another
asset that can compensate; the presence of storage or alternative routing may mean that asset
failure does not impact significantly on service.

Resiliencethis is a measure of the ability to withstainespond/recover from a serious everthe
current UK water sector definition also incorporatemsideration of future change and maintaining
service tocustomers and the environment:

G ¢ ity to cope with, and recover from, disruption, and anticipaeads and variability in order
to maintainservices for people and protect the natusailvironment now and in the futuie

Asset healththis is a facebf resilience, based on thaility of the asset to resist stress and
consideration of reliability of the asset (failure probabilitylany considertiis subtlerthan the

CH2M 9



concept of asset condition and includes consideration of aging of

the asset and how asset failure directly contributes to service While there are

failure, now and in the future. some benefits,

¢CKAd OKFLIISNI NBLENIA 2y 6KI companies are 08
how their view thehealth of their assets helps them manage the concerned about

resilience of assets and ensure an adequate level of performance weaknesses in the
the water and wastavater systems within which they operate. current approach

In addition, this part of the review considarhat companies
perceivetobdl KS 0SySFAlGa 2F GKSANI OdzN

< a 2
KSIfTGKQ a ¢Sttt a4 GKSANI AaK2NIO2YA O |/ 2YLI yASE
AYRAOFGS sKSNB GKSNB A& NB2Y F2NJ AYLINROSYSYyid Ay
and in their ability to assess whatisthedcth f S@Sf 2F WKSIf GKQ 2F (GKSAN

2.2 The gquestions we asked and their purpose

We were interested in eliciting the following information from companies:
I What does asset health mean to them?
1 How do they see the relationship between asset health egsilience?
T What are the benefits of the measures of asset health that they currently use?

1 Where is there room for improving the concept of asset health and the ways in which it can
be measured?

We hoped that the responses to these questions would proiridight into current concepts of

asset healtrandhelp us to understand how companies are working to develop their measurement

and management of asset health. We were particularly interested in how companies measure the

health of assets with a strong inace on water and wastevater systems resilience and the

OF LI OAGe 2F O2YLIyASa G2 YIFIyF3aS GKSANI Odzad2 YSNEC

2.3 What were we expecting to be told?

We were expecting to be told that:

1 Most companies infer the health of theissets from a number of serviceability and
reliability indicators, in many cases aligned with Ofwat serviceability measures

1 Athough most companies were using these as a basis for reporting on asset health in PR14,
many companies are looking at developlid 2 N2 ARAY I Q AYyRAOF 2NAR GKI
focussed on theerformanceof assets in the future

24 What were we told?
2.4.1 Defining Asset Health

Although there is no consistent working definition of asset health across all companies, most
companies associate goodset health with achieving good levels of service and performance. The
general view held by companies is that good, stable, measured performance is a strong indicator of
good asset health and conversely, that inadequate or declining performance may indicate poor asset
health.

There is widespread use of the original (and the variants of) Ofwat serviceability indicators as a
surrogate or proxy indicator @fsset health. Mnycompanies are satisfied with the use of these
serviceability measures as broad indicators of asset healthoughsome companies have refined
these measures to, for example, improve consistency and eliminate double couMngote that
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United Utilities have a company specific measure of asset health that is based on the asset
maintenance forecast derived from their Pioneer deterioration models.

Most companies consider that the basket of serviceability indicators and derived measures o
4dz00Saa 6az2{-B2aNRIBHRSG | 2 MdidAtaBoRaMoSKiGnltaigtK @ L F
performance thresholds, especially over successive periods of time, this is taken as a signal that
asset health within theystems is adequate. Conversely, senldr trend changes in measured
indicators are seen as signals of a possible deterioration in asset health. Some of the common
phases used by companies when describing asset health and whatrit toghem are shown in
Figure 21 (from questionnaire respuses)

Figure 21: Phrases companies used to descnbat asset health means to them

Asset condition serviceabiity

meec;ciu r;i:;qeti"“edASSEt H ed It h

Asset deterioration stable level of risk

meet service requirements
-msosne gChi@VE level of service

high quality service now and in future Risk to service

Asset reliability

assets operating as expected

Some companies are concerned that using serviceability derived measures has conflated the issues
of asset health and the ability of their systems to provide a goodceto customers. Although

asset health and systems performance can be strongly relatetkr some views of asset health,

is possible, within limitdp provide an adequate level of service to customers even if individual

assets are in poor healtsjnce redundancy and spare capacity within networks and systems can
compensate for an inadequate health of individual assets.

In response to this concern, some companies are developing and testing new definitions for asset
health. These developments acarrently internal to these companies and are intended to shadow
their serviceability and reliability measures during PE&E® further 2.4.3)

An emergingbut far from universalconcept of asset

health seems tdncludethe physical condition of the There is widespread ef
assettaking into accounthe (dynamic) environmental Ofwat serviceability indicator:
and weather conditions to which the asset is exposed a3 W] fo) 478 g lo [{or= 100 fl0) i 55
the operating conditions within which the asset is health

expected to function. This concept has an explicit focus

individuall 3aSta 2NJ aSda 2F FaasSia I yR -da3zRR Sigk SNBSS - 23Nk
health. In this view, information on asset condition is combined with information on fisadity and

the resilience of the network or system, that the asset is part of, in order to create an index of asset

health. Welsh Water outlined plans for developing and testing fornenaissethealth index.
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Developing assdbcussed indicators is gerally seen to be more challenging in the cases of
underground assets and wastewater systems than for algreeind assets that are used in water
supply and distribution systems.

The use of asset specific information, on its own or embedded within an inffers an opportunity
F2NJ O2YLI yASa &2 2RAFIR LWINPTRHBNIEIARK aK 2Ft OK I 13
indicators for these changeAccurateprojections of changes in asset health would strengthen the
ability of companies to makgroactive asset management decisiorisis interesting to note that
Thames Water includevels ofwater networkrehabilitation as one of theindicators of asset

health, which impacts on average asset age and introdanessset remaining life perspective

United Utilitiesspoke about the concept of remaining expected economic life, weighted by GMEAV
(gross modern equivalent asset value).

R :

Current working definitions of asset health and the principles on which they are based are
considered by most companiest to vary across asset groups. But many companies also recognise
that the information that would need to be collected to support a more agsetised assessment of
asset health would need to vary between asset groups.

Specific feedback included:

1 Most canpanies have working definitions of asset health and some used alternative terms
So3d WFaaSid adSélFNRAKALIQ 6b2NIKdzYoNREFY 2 (G SNJ
Water). Asset health is an attribute that is difficult to measure specifically aaréfibre
needs to be iferred from relevant indicators

1 Several companies are changing or considering changing theeabures included in the
serviceability measures to make them more asset focussed. For example, South
Staffordshire, is applying weightingsthe indicators within composite asset health
2dz002YS RSt ABSNE Ay OSyidA @S aindodtdslcargimoreld KI . NI O;
weight than others in contributing to the monitoring of asset health, and are not
NELINBASY(iSR Ay 2 irgsShdiate fepre3eénted itckha2r®E YISNE I A Sy
lower weighting

1 Some companies, such as Welsh Water, are exploring the development of measures of
service for asset health that are: asset focussed; forWaodting; and, moreasily
understood by customrs

1 United Utilities is using an internal working definition of asset health that is based on a
combined measure of condition, performance and faitarede data which are used to
RSAONAROS G(GKS 2@0SNIff WKSIfOIKQ R2FF fiKKS UL Zadksa o
Wt 22N I SFHEGIKQ

9 {SOSNIf O2YLI yASas AyOftdRAYy3I ! yaAtALY 2|
1Se AyFfdzSyoOSa 2y WIFaaSid LISNF2NXYIFyOSQ |
2LISNI GA 2y Q | Nifeastre thd ssetpdifdrmadozt ( 2
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1 Several companies raised the issue of assets are that are critical, but have a low failure
probability and have potentially severe consequences, noting that such assets require a
special measure of asset health that recognises their alitycandhigh potentiallevel of risk
should they fail

242 ¢CKS NBfFOGAZ2YyaKALI 0SG6SSy WFaaSi
Asset health and resilience are linked; asset health is a dimension of resilience. We asked the

companies to tell us how they interpret thig@maction and how asset heath contributes to
resilience.
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All companies recognise that asset health contributes to asset and systems resilience. But, they also
recognise that other factors also contribute to resilient¢kese includenetworkinterconnectios,
spare capacity, redundancy (e.g. availability of stpcssets) and emergency responses.

All companies agree that asset health is a building block of asset resilience and as such, it contributes
to the resilience of the systems within which the adsmctions.

. There is general awareness amongst many companies

L RS CEEIRGEE R that more insight into resilience could be gained by
e NS RO I ple Bol 616 /€6 ] ] analysing the asset specific data. The granularity of this

Lol b e T e=te s ial=t=11e)¢4 data in some areas needs to be increased to make it

system resilience more useful.

Several companies gave exdegpof how they are
developing insight into the rate and degree of asset deterioration through statistical models that
produce deterioration curves from which the probability or likelihood of failure can be inferred. This
information can be used as inputs models that simulate the impact of failure of assets on service
and performance.

Several company responses indicate a need for greater clarity in understanding exactly how asset
health influences asset resilience and systems resilience. Blampanies are looking at how the
WF2dzNJ wQaQ 2F NBaAftASYyOS | & LIR&GdoiysRBeRistano®, ¢ KS / | 0
Redundancgnd Response and Recovéapply to different asset groups. However, opinions seem
to be divided over whethersset health relates more strongly to theliability element of resilience
or to theresistanceelement of resilience, or to botlkigure 22 shows a possibimodel for asset
health within the wider resilience concept.

{2YS O2YLI yASa INB SELX2NAYy3 waeadsSva
FaaSaa GKS OF LI OAGE F2NJ NBAATASYy O 4.
SEGNBYS 6SIGKSN) S@Syiaz Ft22RAYy3II RNER«
failure of critical assets. This systems view is shown in Figure 2.2 and is helping corr
to consider issues such as asset criticality and redundancies sjtsiems alongside asse
condition and asset health when assessing asset and systems resilience

Figure 22: AconceptudNB f F A2y aKAL) 0SG6SSy | 34aSGi KSHfGK FyR GKS

Systems
Performance

Asset Resilience

Responses to

Reliability Resistance Redundancy .
emergencies

Asset Health Operating requirements

Age Materials Environment

Network Organisational
characteristics characteristics

2 Cabinet Office (2011). Keeping the Country Running, Natural Hazards and Infrastructure. HMSO
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Several companies are looking at new ways in which they can better understand, assess and manage

the resilience of their assets and systems. South Staffordshire Water mentioned tHegtaeat of

I WNBaAaAftASYOS YIddz2NAGE YFGONREQ yR | WNBaAfASyOf
the assethealth related factors of reliability and quality of supply)

SomecompanieNB FSNJ (12 GKS OKLF ff Sy 3S f20FK R SSySRNEY AlYYAR/ W N
begins- this issue is illustited by Severn Trent in Figure82n noting that to fully understand

resilience, aangeof metrics should be considered across differemte horizons.

Figure 23: Understanding and measuringiliesce (Severn TreNVater perspective

/ Understanding and measuring resilience \

Asset health measures

Resilience measures

» Time

. Today Short term Medium term Long term ’

We note that this concept diagrareflects{ S@SNY ¢ NBy (i 2 | (jafdNdnat OdzNNBy i
necessarilyan industry view. Health and resilience overlap and both can have a short and long term
dimension.

Another challenge, referred to by some companies, relates to the issue of measuring changes in the
condition of assets that fail infrequently (e.g. dams and tunnels)}dzOK | 8aSG&a T NB 2FidSy
when they do fail, this can create impacts and gate consequences that are potentially sevéoe

the companytheir customers and the environment.

Althoughseveralof the responses to our question on resilience were dioéct answerskey poins
made on the relationshipetween asset health and reégihce include:

1 Several companies (e Welsh Water and Southern Water) recognise that more data
granularity is required combined with a sharper focus on interrogating and interpreting
the datato get at theroot cause®f issues in order to determine whiéssues are asset
health related

I Some companies (e.g. South West Water, Southern Water, Yorkshire Water) point out
that resilience is a function of the capacity of the asset (a form of resistance) as well as
its condiion e.g. a structurally sound dam with a half empty reservoir may be an asset in
good healh, but not resilient to drought

1 One company, Anglian Water, has modelled the impact of failure of all connected assets
on service in order to allow an internally @stent valuation of risks and resilience;
another, South East Water maintains asset risk registers linked to asset failure data
AG02NBR 2y | DL{ZX 6AGK 2dzilLizia I O0O0SaasSR OJAl
information on asset related risks
1 Southern Véter is determining the impact of asset health on system resilience by
applying approaches including: Intesmporal modelling for water resource
management planning; drainage area / surface water management planning; specific
surveys and investigations strategic crossings, standalone resersand single
sources of supplgnd strategic network fault tree analysis
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1 Thames Water is evaluating the resilience of their water supply systems by modelling
the propagation and effects of asset failure on grerformanceof their water supply
networks

f t2NIavy2dzik 2 0SNJ A&a OFNNBAy3 2dzi I WONRGAOI
process of ristbased selection of mains due for renewal by linking asset condition
surveys with criticalityniformation fran MISER modelling

1 United Utilities Water uses a measure of asset criticality that is informesbsral
measures in terms of consequence of failure (failure mode analysis) but also a number
of other factors including the risk reduction that an intervemti@ould provide on a
specific asset linked to strategic drivers suclPabution or Health and Safety

2.4.3 Benefits othe current measures of Asset Health androvement
opportunities

All companies recognise the broad benefits of using serviceability peafozenmeasures and asset
reliability measures that have been applied in a relatively consistent manner across companies over
many years. The indicators within these measures of service yield historic information on
performance; these can be compared agaihseshold values over many years from which trends

can be detected and analysed.

Most companies combine serviceability performance indicators relevant to each asset group,
gAGK2dz0 6SAIAKGAYI AYRADARIZ f Ay RMNDéadhadédt group.2 RS NR
One company (South Staffordshire Water) applies weights to their indicators before combining

them.

The following quotes, from Severn Trent Water and Southern Water respectively, illustrate
perceived benefits of using serviceabilitgrformance measures and asset reliability measures as a
signal of asset health:

1 dhey provide a basis for predicting and avoiding future service failures, targeting
investment, improving the robustness and efficiency of longer term planning and
demonstrding to stakeholders that assets and service are being maintained at a broadly
atlofsS tS@St 2F NRaé
f GGKS INBIGSad oSySTAG 2F GKS OdzZNNByid YSI &adzNB:
established for some time, providing a useful dataset for trend aisadfasset he#h and
NFGSa 2F RSOGSNA2NI GA2YE
However, most companies expressed some concerns over weaknesses in the prevailing approach,
such as:

1 Anumber of serviceability indicators are sensitive to weather evailitichcan mask
underlying asset detdoration effects

1 Systems can perform well despite the presence of deteriorating asstitsir influence can
be compensated for bgetwork interconnections, spare capacity, redundancy (e.g.
availability of staneby assets) and emergency responses, alltath all contribute to the
overall resilience bwater and wastevater systems

1 Asset health is particularly difficult to infer from performance indicatorsnion-
infrastructureassets

1 O UKSANI 26y3>S KAAUGZ2NARAO AYRAOIHK 22RA yIIE LINE & @F R X
management decisiomaking
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1 AAaSaairya aasSid KSIfiK-RRBIYyDA NFF 2INYOIVNENY I2IVA A
LISNF2NXYI yOS-dzaRiIRI 622y 2YaasSi O2yRAGAZ2Y T ONRIG
within water and wastewvater systems

In response to these weaknesses, several companies are developing analytic methods within their

asset management frameworks. The aim of these methods is to help to understand better the health

2F GKSANI FaaSida (KNR didrkatighRn®ySchllecR dfténSrare@imaé, yni 2 R G |
Asset condition

Asset behaviour

Jecific aspects of systems or asset performance (e.g. the generation of pressure transients
in water supply and distribution systems; sewer flooding and pollution incidérsould
be linked to a deterioration in asset health

This information can then be combingd observed trends in performance to develop a
O2YLX SYSY(dFINE YAE 2F WiSIFIRAYIQ YR Wil 33aAayaQ YSI
measures within amverarching asset management framework that is informed by good data
FylrfedAadar GradzdtAalridirzy 2F 2dzildzia o -0 2/1dNFOaSINI 2 7
G2 KStLI Ay (GKA&aOL YR (GKS aSiaGAy3 2Fhedith/ G SNyt Wil
Our ley findings relating to improving measures of asset health include:
T 'y3tAly 2FGSNIAE Y2QAYy3 gl & FTNRBY { SNBDAOSI 6A
asset performance by recognising that asset health and asset operation bothocoatrd
asset performance, whilst noting that:

0 Asset Health is not easily measured, especially for underground asgetslates to
the deteriorationof the asset and is time based

0 Asset Operatiom the nature of asset operation and its impacts oneagserformance,
are not easily measured

0 Asset Performance is more easily measured than asset operation and health (e.g.
mains bursts) and is likely affect service performance

T Welsh Wateiis looking at a potential step change to the existing serviceability based
measure by developing a new asset health MoS to be implemented at the next AMP and
included in PR24 that will be:

o Forward looking (drawing on deterioration models and trend ansjysi
Asset focussed (rather than service impact focussed)
Include subl KNB & K2f R WI i NAR&l Q -iv@dtrdcime)S a4 6 LI NI A Odz
Reflects the new price controls (e.g. headroom and energy generation feobis)
A4S WOdza (2 YS NI ToNhéSndiBators hat EoMpriseNde MBBA 2 v &
1 Several companies mentioned their participation in water industry research projects into
areas of resilience and asset heattthese include, for example, tHeiscover Wateproject

which is developing new assetdith metrics and th&afe and Surproject on water
systems resilience.

(0)
(0)
(0)
(0)

Some companiegor example Northumbrian Watementioned that they were looking beyond the
UK water industry athe International Water Association and the Institute of Asset Manageioe
insight into emerging best practice in asset health assessment and management.
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Measuring and monitoring the health of
our assets

3.1 Context

This chapter looks at the data companies capture store and analyse to determine the probability of
asset fdure and impact on servicand to inform decisiondt looks at the technologies used to

capture information on asset health and how the companies are developing innovations in this area
and in the intelligent monitoring and control of their assets anstams.

3.2 Disclaimer

It should be noted that there likely to be alternative devidesls and technologiegvailable that

support asset health analysis and we are unable to make any kind of comparative assessment within
the scope of this study. Where we mentitethnologiesspecifically it is because these were

identified during consultation and our intentioa purely to illustrate what types of technologies

exist.

3.3 The questions we asked and their purpose

We asked companies what indicators they use to measure asset health and the underlying data used
to enable targeted decision making; we asked about how egtipanies understand their network

and any data deficiencies and we asked about use of monitoring and inspection equipment and how
new technologies are developed.

The purpose was to determine whether the water companies are making full use of available
technology andf there is a mechanism for continuous improvement and innovation in this area.

3.4 What we were expecting to be told

We expected to hear that the water companies collect a lot of asset performance data, such as
bursts, blockages and water qualibformation, andthat this is used to inform riskased asset
management. We expected to be told that monitoring of physical parameters such apfeEssure
and water quality is business as usual and used for operational decision making.

We also expectetb hear that, periodically, discrete inspection and monitoring of the assets and
their performance is carried out to support maintenance planning and investigate failures or
problems.

We expected to hear thatompanies had a good, but not necessarily ctetgrecord of the physical
assets in their area. The records would include information on the location, age, dimension,
materials and environment. We expected that all companies would have a GIS system for holding
infrastructure dataand that this was bieg actively used (and updated) to manage infrastructure
assets. Similarly, for neinfrastructure assets we expected to hear that companies have a
comprehensive, hierarchical asset register that holds asset data and links to a maintenance
database.

We also expected to hear that novel, innovative technigues for assessing asset health arefyiloted
companies and that theghare information and participate in collaborative research projects
through UKWIR to keep the industry informed. However, the obsbme of the technologgnd the
practical constraints arexpected to bea barrier with respect to deployment of some of the
advanced pipeline inspection techniques that have been developed in the oil and gas sectors.
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3.5 What we were told

3.5.1 Overview

We havesummarisedthe keyfindings relating tothe use of inspection and monitoring technology
and the tools used for analysing and presentirdata. Thisis captued in Appendix B Summary of
key technologies reported by water companies.

This appendix tabulates inspection, monitoring and control and data analysis tools used by each
companyfor each main asset grouplhis is illustrative and it should not be inferred that if a
specific technique is not shown against a compathat they donot or have not used it.

All companiesstatedthat the quality of data they hold and managegenerallysufficient for the

purposes of both managing their risk and delivering required outcomes. All companies consider that
they are collecting good assetdith data as reflected in the serviceability based MoS and the

guality data that is required for annual reporting.

Some of theypical datacollectedis shown in Table 3.1t is debatable as to how many of these
parametersshould be classed @sset health measurebut they are dlused to inform risk to
service:

Table3-1: Typical asset data

Water Wastewater

Infrastructure Non infrastructure Infrastructure Non infrastructure
Discoloured water Reactive maintenance Repeat sewer flooding Reactive maintenance
complaints (network Water quality (network capacity) Consent compliance
management) ;

Ammonia Sewe_zr_ coliapses (physical Effluent quality monitoring
Poor waterpressure ) condition)
(network capacity) Nitrate Sewer blockage
Mains bursts (physical Membrane integrity Pollution events (network
condition) UV dose management)
Drinking water Unit cost of water (fixed and Rising mains bursts
compliance marginal)
(distribution)

Tonnes of chemical per Ml o
water

The review found thatompanies havéestedand arenow using a variety of technologieghile
some have plans to triather new tools. However, the companies are conscious of the relatively
high costs of some of the advanced pipeline inspection devices and cite barriensgédati
incentives to take risks. To address tlitiss important the companies work together and share
knowledge effectively. We believe that UKWIR have an important role in this regard

3.5.2 Assetdata

A variety of asset data and information is collected to help understand asset health and to
determine expenditure needs. Determining what data is important has been based on many years of
experience and learning. In addition, when fisdsed planning wasitroduced formally as part of

the Common Framework for PR04, formal elicitation techniques such as fault tree and event tree
analysis were introduced which encouraged consideration of cause and effect pathways and
determination of failure modes. These foahtechniques provided a structured way of identifying

what datawas important(the risk factorsand also linking of environment, asset data, performance
data, servicerisk and expenditure.
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As an exampld;igure3.1 maps outsome ofthe relationships beteen water pipe risk factorand
thus identifies some of the key data that may be useful in understanding asset health and service
risk; the better these relationships are understood, the more efficiently service can be managed:

Figure3-1: Map of water pipe risk factors

Expenditure Failure Asset Network
probability performance resilience
factors measures factors

Design,
cogs_trutct::)r:_ Asset
and installation ™ condition/ .| Leakage
o state "| failure
Capital £ Pi
i Operating hA IPe
maintenance L P
conditions A br_e ak
failure
Quality, External | Quality
Enhancement, environment | failure
Growth
Probability of asset failure Asset failure

Probability of
failure leading to
service impact

3.5.2.1 Infrastructure asset data

Typically, fomeasuringnfrastructure asset performangeéata such as burst rates, leakage, water
guality, collapses, blockages are collected. This is storedlariety of databases and can typically be
resolved to specific areas, assets and overlaid with operational data, including customer contacts.
GIS tools are used to observe these relationships.

In addition, companies are collecting information on flows pressure and events such as surge to
help understand the dynamic nature of the water networks and potential risks. Sestthgent level
information and asset condition are used to help understand the risks associated with wastewater
networks.

3.5.2.2 Noninfrastiucture asset data

In the case of noinfrastructureassetsthe focus, as reported by companies such as Welsh Water, is
output quality. However, maintenance activigyarticularly reactive and repeat eventss usedo
help understand asset risks.dviitoring of asset health using, for example, vibration, acoustic and
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thermographic sensors appears to be relatively well establishkeeit with some mixed feelings
regarding effectiveness.

3.5.2.3 Condition data

We can define condition data as information regardihg physical state of the assesuch as the
residual strength, or extent of deterioration or propensity to leach corrosion productglieto
supply.For example:

1 For a steel water pipe operating under high pressure, the remaining pipe wall thickness is a
fairly direct measuref propensity to leak or burst

1 For a noAnfrastructure asset, the visual appearance is not a particularly good indicator of
failure propensity or performance

Asset condition is a measure of the physical state of the assets.idie@rsituation, this can be used
to estimate failure probability or remaining useful life. For mechanical and electrical assets, asset
condition monitoring is used to assess wear and deterioration and to inform preventative
maintenance; this is as much@lt minimising costs as about managing risk.

We also note that many UK water companies do not like talking about asset condition in the context
of expenditure planning. This is because early capital maintenance tools were condition based, and:

1 A conditionbasedapproach is not risk based

1 The tools tended to use visual condition grading for4mfra assets and the correlation
between visual condition and asset remaining life dufe probability is often weak

In former years, visual condition assessmeaswsed extensively to make a case fornon
infrastructure investment. This was not risk based and the condition gradings were often not a very
good indicator of asset failure probability or remaining life and hence it was important to get the
industry to diange behaviour and develop a more sophisticated approach. As a result, a
performance and service based approach to risk analysis was encouraged and use of condition, per
se, discouraged.

However, some companies recognise that certain types of asset cumdiita can be of value,

provided it is used to inform risk. There are some assets where measures of condition can correlate
well to failure probability and hence be used to estimate risk. In these instances, condition data may
be the only viable data thave have to support estimation of failure probability. We conclude that
there is a place for condition data, but it must be used to inform the analysis of risk. Typically, this
may be the case for low probability, high consequence assets (such as trurs.ntds noted that

this has been subject to previous research by UKWIR (Deterioration of long life assets WM13).

Very few companies systematically and proactively collect condition data for water infrastructure
assets and those that do focus on ass#fined as critical or that have a significant consequence of
failure. In the case of CCTV inspections for sewers, whilst companies proactively plan inspections of
their critical/at risk infrastructure, wider inspection do not seem evident.

Most companis have been trialling nedestructive techniques for infrastructure condition

assessment. There were mixed opinions as the effectiveness edestructive methods of

wastewater infra pipe condition assessment, with some companies having had succestfuapd

others having less successful pilots. None of these technologies have crossed over into business as

usual. For water infrastructure, nesestructive technologies are used quite extensively, and surge /

transient monitoring is becoming prevalenfy &k Yl ye& O2YLI yASa dzasS I woOrtyY
indicator for water infrastructure asset health.

Most companies have a condition grade for their civil, mechanical and electricahinastructure

assets, and the use of a computerized maintenance managésystem to compare planned

maintenance against reactive maintenance is common. This reflects the comment made by a
number of companies that asset health is particularly difficult to infer from performance indicators
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for norrinfrastructureassets, whereedundancy or operational interventions mask the impact of
asset health on performance. For some fApfrastructure assets (e.g. wastewater treatment

works), input variables (such as weather, influent quality) are reported to have a greater impact on
sewice or performance than asset health.

3.5.3 Data quality

All companies consider that the asset health performance data they are collecting is generally
satisfactory, especially in relation to infrastructure health data.

Severatompanies acknowledge that their asset register records are not complete and none of the
companies, in our opinion, can say with absolute certainty that they have 100% confidence in the
precise location of all their buried assets. Thames Wditgarexampé, acknowledged that therés
uncertainty in the location of some buried assets. However, Thames Water did not believe that there
were ary major datadeficiencies that need to be addressed in relation to the current measures of
asset healthMost companiegeport that theypredominantlyknow whereall their assets are that

are critical to service delivery and the risk of these critical assets causing a service failure.

All the companies have similar mechanisms in place for updating data and it is pypictide to

update and improve recordghen andwhere errors are found. South Staffordshire Water, Bristol
Water and Northumbrian Water mentioned the exercises they had been through historically to
update GIS and the allocation of confidence grades; we believe most if not all of the companies will
haveundertaken a similar exercise.

Based on what we have been told, and our many years of working with the companies, we would
agree that on balance there generallyadequate awareness of assets and asset detaild that
where there are issues, these aaeknowledgedWe do believe that there is room to improve
understanding ofiskfor critical assetsespecially where it is difficult to predict failure probability

3.5.4 BIM(building informatiommodelling

Some companigegor exampleSouth East Watereported that they were exploring BIM standards
for managing their lifecycle datBIM is being promoted by HM Government and the following
definition is taken from the 2012 reporBuilding Information Modellin¢available on the

Www.gov.ukweb site:

G. dZAft RAY3I LYF2NXVIGA2Y a2RStftAy3 6. Lald A&
digital technologies which unlock more efficient methods of designing, creating and
maintaining our assets. BIM embeds key product and atstetand a 3 dimensional
computer model that can be used for effective management of information throughout a
project lifecycleg from earliest concept through to operation. It has been described as a
gamechanging ICT and cultural process for the cor@tiuA 2y a SOG 2 NI é

This ionly indirectly related to asset health, but we expect more companies to adopt these
standards in future and there may well be benefits in terms of promotion of consistent data and
information and efficient storage angsage Whilstperipheral to the issue of asset health, it has
been suggestetly some companiethat their data is an asset and heniszelevant

3.5.5 Analysing and presenting data

All companies now hold their network asset data in a GIS system which can be used foyiidgntif
failures at the asset levedupporing operational responseandtargeting investigations and
rehabilitation activity.

Asset registers and maintenance databases enableimipastructure maintenance activity and
failure information to be resolved @sset and component levels and these tools are generating
information that willimprovefuture maintenance strategs
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All are using dashboards sbme degree, tgive an understanding of servidsk,and although no
water companies have smart,fully real time control system covering all of their assets, some
appear to bemovingin this direction and it is their aspiration fatroduce alive system across their
assets.

Some companies were able to show us live dashboards of asset and failumdgided in near

real time. Thigprovideda live demonstration of the water assets on GIS, which resolves the asset
health and performance data down to the individual asset level. Adijgssthe company to identify
root causes of service failure at an assetecahd is used both operationally and for long term
planning.

All companies have deterioration models that link asset performance to service for infrastructure
assetsMany deterioration models predict measures of asset performance e.g. bursts, blockages,
collapsesg KA OK OFl'y 6S O2yaAiARSNBR (2 0S RBodEradich Yy RA Ol
rates of corrosion/degradation of the asset, which then needs to be linked to performance, so these

are more indirect indicators of asset healffhesetools are well established and have been subject

to research by UKWIR and independent scrutiny by third parties and assurance providers.

We have no concerns as to the general suitability of these models, provided that they are subject to
validation and ued to inform decisions alongside other information and data.

The use of GIS, dashboards and deterioration models is covered further in skdt»i&4.4.3.

There have also been some interesting developments in visualization and tools such as Taldeau hav
been adopted to suppardata mining and analysis. Figur@ & an extract from a Tableau report.

This specific report presentgater qualitycomplaints by zone and also enables daily data to be
examined. In this case, the high priority zone based oal wamplaints was determined to be of
muchlower priority as problems were primarily all recorded on a single day and determined to be a
transient issue.
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Figure3-2 Tableau report exampl@Velsh Wateexample)
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3.5.6 How data is used

In our discussions, it became clear that asset health data can be used in different ways, from
supporting operational responses relating to unexpected failures or performance through to
informing long term decision making. Thex-diagram at Figure 3. maps out some of the data
types being collectetly companiesnd the planning activities thabhe datasupports.These

activities are important to ensure a healthy systdiis necessary to monitor and react when trends
andpatternsare revealed withiran AMP period and make effective asset health decisions

accordingly.

CH2M 23



Figure3-3 Data usagethe temporal dimension

Real time Short term
Asset health data generated: Planned maintenance:
+ Leading indicators + Delivering planned preventative maintenance

* Failure indicators Asset management dashboard. Reporting and

line of sight; Operations, AM and Board:

Asset health data stored: + Condition
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* Service

Operational management: + ODI

* Emergency response
* Reactive repair

Long term (future AMPs) ¥ Medium term (in-AMP)

Feedback into AMP planning: Analysis and investigations into trends in asset
Performance models health and response data:
Deterioration models * Dashboards

Totex cost models Feedback into operational planning:

* Emergency response

* Forecasting
* Budgeting setting * Reactive maintenance practices

ODI definitions, Outcome Setting, Risk and

* Planned maintenance regimes
Reward arrangements

Feedback into capital delivery:

+ Totex, Opex, Capex analysis

+ Specifications for new assets and their operation
Innovation

3.5.7 Inspectionmonitoring control and analysis

3.5.7.1 Introduction

Inspection and monitoring of assets is not a particularly new concept. In the past, visual inspection
on noninfrastructure assets was commonplace, as was the use of pipe sampling for assessing the
condition of water pipes and CCTV inspection for asseffsingondition of sewers.

It is interesting to note that only Affinity Water, Portsmouth Water, South Staffordshire Water,

Southern Water and Thames Water mentioned undertaking trunk mains condition assessment,

a2YS 2F gKAOK g a & fheyinStethat this adtiSity was foddsed an ihe mdkeO |
WONRGAOLKEQ laaStao 2SS R2 |V 2 galsduNdridkezhis Endljels 2 dzNO S 2
some degree.

We have adopted a different approach with our review of inspection and monitoeictgnblogy and
undertakenadditionalresearch, based on public domain information, to provide information on the
technologies that are available. We considered this to be important to help provide a summary of

the technologies in use or under revieWote:it is important that all technology and innovation,
GKSUKSNI WKI NRQ 2NJ waz2FiQ ySSRa G2 oS S@ltdd G§SR ¢t
provides and that we do not advocate any specific solutions.

See Appendix B for examples of inspixt, monitoring and control and data analysis tools used by

each company for each main asset group.

Appendix Dprovides further commentary on the types of tools and techniques being used and
trailed for inspection and monitoring.
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3.5.7.2 Water pipes

General
In the case of water pipes, and patrticularly for distribution pipes, the key information collected is
burst rates, leakage, water quality data and pressure.

9 For water pipesGIS tools are used by all companies to map failures and target investigations
and rehabilitation as appropriatdeterioration models are used to forecast exped rates
of asset failure

9 As far as we can establish, the companies use deterioration mdaslsise burst data to
predict future rates of failure and service to supporeéstment planning and targeting

1 Pressure, flow and water quality are monitored as a matter of routine and pressure transient
monitoring is becoming more widespread. We cannat Baw effective transient
monitoring is for detecting and avoiding bursts but with an @asing uptake in the
technologydata will become available to enable the cost benefitthe technology to be
assessed

On balance, therésa good range of optiongvailable for monitoring and assessing water
infrastructure assets and the use of statistical models and deterioration analysis has become
relatively routine. There are limitations in terms of the apparent availability and cost of advanced
condition monibring for trunk mains, but investigation into options continues and is encouraged.

Distribution pipes

With regard to inspection of the physical asségtte is little condition sampling currentbeing
carried outon distribution pipes (Affinity Water arBlouthern Water noted as an exceptiofis is
because the other datavailableis consideredbetter for identifying and targeting rehabilitation.

We were also told about the use of technologiEe piggingfor example isquite widespread for
cleaningwater mains It hasbeen used with mixed success by companies including Dee Valley,
Bristol Water, South Staffordshire Water, Welsh Water and Yorkshire Water.

From a monitoring perspective, there was some reference to water quality monitoring in digiribu
as well as pressure monitoringurge analysigind leaknoise analysis were alsoentioned by a
significant number of the companies, both in terms of becoming established and as &obasis
potential trials.

Flow and pressure monitoring and use offable pressure loggemsoseem well established for
supporting leak detection and management activities.

For managing distribution pipes, trending burst data and use of statistical models can be considered
0S40 LINFY OGAOST G(KSEM QMABAOIKISHYRE d20056 232 Wi @1pdzSy
service impact) and so a reactive approach to maintenance, based on developing failure models and
targeting the worst performers using GIS analysis should be an effective basis for managing asset

heath and service.

Trunk water mains

Fortrunk water mains, the use of failure data to infer residual life/need for rehabilitation is more
problematic. These tend to be low failure rate assets and although models do exist (UKWIR Long Life
Asset project WM13that can help estimate likely condition, these are often unreliable at the

individual asset level. Consequently, more direct condition sumvay be consideretbr these

assets.
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Some of the options available for understanding the conditiotnofk mainsinclude discrete

sample and destructive testing of eatits as well as leakage monitoring tools such as Sahara and
SmarBall. Interestingly, there was little mention of these techniques (Welsh Wagfarredto using
Sahara), though we know that othersueaused these techniques with success in the past (e.g.
Thames Water) and United Utilities are lookingsatarBall technologyto assess rising main
condition

Inspecting trunk mains can be expensive and hence it is important to be able to prioritse teh
invest in inspection and monitoring priorityis understandng the health of the most critical and
high consequence of failure trunk mains because the damage caused by failure can be extreme.

We note that few companies stated that they are cuttigractive in terms of undertaking cauts,
samples and doing nedestructive testing on trunk mains (Affinity Water, South Staffordshire
Water, Southern Water, Thames Wat#d mention this approach South East Water were the only
company to mention theise of CCTV for internal inspection of trunk mains.

Tools suctas Syranix Pipemindéave become more established and thi®ésng explored by an
increasing number of companies for monitoring pressure transients and inferring failure potential
(see prelous section).

Anglian Water and Severn Trent Water told us that they will be trialling Echologics ePulse acoustic
condition assessment tool and Anglian water also told us that they are looking at thermal imaging
for leak detection.

Over the last 20 yearthe watercompanies have explored some of thdliime inspection devices
used in other sectors (intelligent piggirgjlher directly through trials or as part of industry research
projects.These are expensive options and there remigsues regarding their practicality when
being considered for use in water mains etge need to drain down and cleatg remove
obstructions,and questions about thasefulness of dateelative to thecost Trialling these
technologies has tended toelthe domain of the larger water companies, that have (or had)
significant research and development departments and budgets.

Regardingnonitoring and control in trunk mains, we have already mentioned the increasing use of
pressure transient monitoringhough we cannot comment on the cost benefits of these
technologies as they are still relatively new.

Northumbrian Water described the use of flow cytometry to monitor bacteria in drinking water and
this is an interesting, though perhaps indirect, toal limoking at asset health.

Finally regardingremote/real time control of trunk mains networks and pumps, there is evidence of
pressure and flow management, based on data from loggers in the network (Sutton and East Surry
Water, Southern Water, South Weédtater, Yorkshire Water).

We expect that most companies are exploring control of their networkscbrrentlymost of this is

for operational management of flows and pressure and water quality, as opposed to managing the
health of the trunk mains in theystem. The surge and transient analysis bexgoredoffers

potential forsome interesting developments in this area.

3.5.7.3 Sewers

As with water infrastructure, all companies (the WASCs) use GIS to map blockages and collapses and
help to target investigatiost Sewers have relatively low collapse ratetasgeted CCTV is used to

help understand issues. As with water mains, deterioration models are used to predict failures, but

the low rates of failure mean that this is more problematic. Outside this reviengrevawarethat
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alternative models such as Markov chain modeldharee beenused by someo forecast failure
rates but these use mathematical assumptions and are not suitable for predicting failure of specific
sewers as the models arepresentative othe assetpopulation.

The primary method determining the condition of sewers is CCTV. This is well established and ideally
all critical, high risk sewers will be scheduled for regular survey. The CCTV identifies defects such as
collapses, occlusions and EQfats, oils and greases) and informs rehatith and cleaning needs.

All WASCs use CCTYV as the primary tool for assessing the condition (and health) of their critical
sewers (the most important ones e.g. highest risk). We would also like to seeeffetrCCTV data
and survey of a wider sample is conductedhelp develop robust deterioration modelsut we are

not aware of which companies undertake this additional analysis.

There are some examples of the use of inspection technologies such as Sd¢wfer Barly blockage
detection and Electroscan for infiltration. The effectiveness of these techniques is being explored.

Wessex Water also mentioned the use of chemical testing for concrete sewers, and laser and sonar
scanning for large sewer$hese ae more established techniques and have niche application.

United Uilities referred to the use of SmartBédir live assessment of rising mains issues, which
appears to be a relatively novapplicationof the technology in the UK.

Although not mentioned gnerally, we know that companies also have drainage area planning and
sustainable drainage pIanningAprocAesses thgt implement the risk baseq me‘ghodology defined in
2w0Qa {wap 0aSsSNFr3IS NARA]l YIyYylFr3aSYSyd Ylyda too

We believe that sewer condition data is valuglds are repeat inspections to inform understanding
of deterioration. We also agree thabllection of this datahis should be prioritised based on risk,
but there isalsovalue in gathering@dditionalinformation on lower risk sewet® inform the
modelling.

In terms of monitoring, EDM monitoring at CSOs has become established and helps to identify
pollution events, but we do not necessarily consider this to be an asset health monitoring technique.

Yorkshire Water and Northumbrian Water describetkasive sewer level monitoring programmes,
but this is perhaps more indicative of hydraulic capacity issues than health (though there is an
infiltration consideratiorthat is worth noting.

Therewasno clear example of sewer network real time conttbbugh there are likely to be a
number of interesting control systems relating to pumped storage.

3.5.7.4 Treatment works and pumping stations

When considering complex assets, such as a treatment works, there is a common view that the

inherent redundancy, stand land duplication means that asset failure due to poor health does not

typically result in a service failure. Therefpasset failure is considered more from a cost and

maintenance perspective.

2SS FINBS KId 6KSNBE GKSNBE dzp INB RERE § OBl A YRS HITY §
be acceptable, but only if the failed asset is repaired so as to preserve the level of redundancy in the

asset. Ideally, the company will be making these decisions having examined issues such as the

criticality of specifi components; considered the potential costs of repair and MTTR (mean time to

repair) and linked the policy to the spared strategy. The company needs to be considering

component availability in the context of the asset system.

Based on our discussionsajipears that companies are makisgmeuse of techniques such as
vibration monitoring to inform predictive maintenance, but it is interesting to note that there are
mixed views on the effectiveness of these tools. We are not able to comment on this farttier
merits investigation.
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Some companies mentioned maintenance planning approaches such as RCM (reliability centered
maintenancé, FMEA (failure modes and effects analysis), reliability block analysis and RCA (root
cause analysis). The discipline ofim@nance management and optimisation is significant and
sophisticated and merits further investigation.

These approaches have been developed in sectors other than the water industry and there is
probably a significant opportunity to learn and apply atdst some of this knowledge and the
associated tools

As a final pointwe have considered if there is an apparent technology gap opening up between
companies and we believe, at the present time, if there is a gap, it is one of choice and there are
examplesof being innovative and utilising technology for monitoring asset health and resolving asset
health issues by the WASCs and WOCs.

3.5.8 Innovationn technology

All companies told us they have an innovation strategy and all believe that they are using inmovatio
well and investing the right amount in innovation to improve their data capture and analytics. The
majority are activéy trialling new innovative techniques for assessing condition or other asset health
measures. All the companies participate in UKWHbegpts and a number, such as Anglian Water and
Bristol Water provide defined opportunities for the supply chain to identify and trial innovative
technologies.

While there are a number of advanced monitoring systems that can be used to measure and predict
asset and service failures, a number of larger companies told us that they faced barriers to
implementation. These included challenges in justifying investment in the technology internally and
technological barrierscCompanies notethat the need to get agturn within the AMP period can be

a barrierto innovation We consider tbseissuedurther in section 7.

There is plenty of evidence that our companies want to be innovaitiadudingexamples such as
Ly3atAly 2FGSNRa W{K2L) 2AyR246Q®
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Assehealth, expenditure planning and
decision making

4.1 Context

This part of the review was aimed at exploring asset health forecasting; asset health impact on
service and asset health investment decision making.

4.2 The questions we asked and their purpose

To help undertand how companiemake expenditure decisions from assethealth perspective
using knowledge about the state and the failure likelihood of their assets, we asked:

1 How they established the linkage, or relationship, between asset health and the semice th
is delivered to customers and the environment?

9 If they used tools and methods to elicit and quantify these relationships and how risks
relating to asset health are identified and validated?

How are asset health measures used to inform timely and césttdfe interventions?
How does criticality influence the approach to asset health measurement?

The purpose behind these questions was to make sure that companies understand and have
assessethiow asset health affects risthe service delivered toustomers and the environment and
the role of asset health in informing investment decision making.

4.3 What wewere expecting to be told

We expected all the companies in England and Wales to have effectissek asset management
planning systems in place/hich enable quantification of the probability and consequence of failure
in a systematic and transparent way.

Part of this process should involve being able to assess risk to service based on an assessment of
asset failure probability, understanding tlikelihood that asset failure causes a service failure, and
being able to scale the consequences in terms of severity, duration and type of event. This can be
summarised as:

Level of Risle (the likelihood that a service event
could occur, given thaan asset might fail) x (the

degree of severity, extent and duration of the impacts
of the service event)

In the case of specific asset health risks, the failure event is the asset failure, for example a burst, a
breakdown, a collapse, internal corrosiandthe release of corrosion products into supply. We
expected companies to be awarétbe options f@ managing riskthe 4Rs of resilience and a need

to get the right balance.

We expected to find that companies view asset health as heangof thewider resilience picture,

though assethealthi¥ 2 NB | 62dzi GKS AYUGNRYyaAO | &aspelts WNBEE Al 02
NF GKSNI GKEY G(KS WwasBeatdoizhy 4RS Rhich afimote badeh2aliSeNBit the

mitigation of consequences.
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We know that since the introduction of the CMPCF (Capital Mainten@lzzeingCommon
Framework) for PR04 there have been significant efforts by companies to understanddigigra

of that has been the deployment of tools such as FMEA (failure modes and effects analysis) to
understand how and why assets fail and how that failure may affect performance and service. Such
tools have been used to help understand how failure cbmponent in a complex system could
affect overall system performanc@/e also know that companies are using asset specific
deterioration models supported by statistical analysis techniques to help predict and anticipate
performance of their assets and quiéfy the effects on service. In recent years, the UK water
companies, through UKWIR, have been updating the CMPCF and a new expenditure planning
framework has been developed. Service forecasting tools have been reviewed as part of this and
advice given am their potential application (Framework for Expenditure Decision Making:
development of Service Farasting Approaches 15/RG/05/43)

We know that water companies are using asset specific deterioration models covering many of the
asset groups and we expied all the companies to be able to explain how they use these to help
forecast asset health and serviaadbe able to validate their use. We know that many companies
have participated in the 2015 UKWIR study on Asset Performance Indicators (Leadiagpiadi

Linking to Performance Commitments, 15/RG/05/42) and some are using this to help develop their
approach to identifying suitable lead indicators.

In summary, endeavouring to link asset health in terms of failure probability to the service event is
not a new concept and so we were expecting that compawiesid have tools and methods in place
and had evidence that the assumptions used in the models are valid.

4.4 \What we were told

The key points made by each of the companies have been compilad are sumnarised in
Appendix C Linking asset health, service and investment.

4.4.1 Linking asset health to service

All companiegouldarticulate theconcept of ehierarchy of indicators, measures and outcomes and
explain where asset health belonged in this. Figuigfrom Yorkshire Watgrillustrates this

Figure4-1: The Link between asset health, service and outcomes (Yorkshire Water)
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In this example, asset lead indicators are essentially early warning predi€tasset failure. These
could be measures of asset condition, energy usage, environment, deterioration model outputs etc.
These are all failure probability risk factors.

All companies also use asset management decision support tools that link asset bealite and
Ay@SaiayYSyilio alye 2F GKS O02YLI yASaQ RSGSNA2NI GAZ2y
investment planning tools, and all the WASCs and some of the WOCs have some form of integrated

toolkit. These toolkits are quite sophisticated and qoiseseveralcomponents, including a variety

of specialised mathematical analysis techniques for prioritising potential schemes and optimising the
planned investment programme.

However, a key and common component is that these tooldased on a setfeservice measures

or KPIs that can be forecast and can be monetised so that the aodtsenefits of expenditure can

be quantified. Many are planning to use their PR14 tools for PR19. Others such as Bristol Water and
Yorkshire Water are making more raalichanges to their decision support processes and tools,

which are used to estimate the investment required to achieve service targets. These tools rely on a
body of information that reflects the different asset hierarchies and structure for infrastrecod
non-infrastructure assets. Decision making data can be aggregated aadglisgated to

understand performance and service at different levels of granularity and using different timeframes
for analysis.

All companies emphasise th@ndtheir planning tools and processesre using a risbased

approach, consistent (as faraswecan®lj G K G KS OdzZNNBy i NBGAaAA2Y 2F
expenditure planning framework). We are told that the tools endblecastingof service, which

may be diredly related to an asset performance meastioe examplecollapsesr bursts and enable

the modelling of the effects of investment on service.

It will be important to be able to demonstrate that the assumed linkages and relationships between
asset health ad service are appropriatand are validated accordingly.

4.4.2 The tools and methods used to create linkages betessathealth
andserviceand assess risk
Dashboardsscorecardsand GIS

We found that almost all companies used a range of dashboardsnonunicate and manage

measures of asset health at various levels in the business. The best examples of these dashboards

were served with data from a single and assured point in the business. We were often told that

companies were working to consolidaterify and improve data sources. Companies were intent on
eliminating data duplication and the need for people to hold or locally manage their own data. We
2FGSY KSIFNR LIKNIaSa tA1S w2yS @OSNEAZ2Y 2F GKS (NI

Most companies included indicators that wereysimilar or identical to Serviceability measures in

their dashboards. Some companies such as Yorkshire Water had added or are intending to add

leading measures to their dashboardgsS @SNy ¢ NBy G 21 G SNJ KII @S dziAf A&ASR
(Leading Inditors Linking to Performance Commitments, 15/RG/05/42) to identify a series of

measures that could be summarised under an asset health banner, but prefer to monitor the trends

in these indicators at the specific indicator level.

It was very apparent thadlashboards which include measures of asset health are being used to
communicate and manage service, performance and outcomes in the near, medium and long term:

1 For nearterm managemenjasset health data is being used to target reactive maintenance

and responses to failures. For this purpose, the best examples of dashboards we saw were
being used to create a frequent line of sight between operatiacsivitiesand asset
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performance. We saw examples of visualisations of asset health data, such as hoagsot
being used at this level

1 For shortterm monitoring and managementhe dashboards were being used to identify
emerging trends in leading measures, asset performance and the delivery of planned
maintenance activities. At this level the dashboards wesed to create a linef-sight to
outcomesand supported the identification of the need for slightly longem risk
management activities, such as asset specific proactive management programmes. In this
role, the dashboards were often used in internal company reporting and routinely circulated
to senior management positions. We saw examples of visualisations of asset health data and
data analytics beingsed to support this function

1 Dashboards were also usedl teport asset health concepts during board meetings and asset
health data, trends and information were shown to be used to plan and prioritise investment
medium-term within the AMP cycle Examples of this included analysis of asset health data
being usedo support changes in procurement practices, planned preventative
YFEAYGSYlFyOS:E WSE5NIAYIF3AS I NBIF tflyaQs T 2yFf LXK
improving emergency response provision

1 To support longterm investment planning trends in asset healttiata were being used by
all companies to support the strategic modelling activities that inform AMP to AMP planning
typically based omegression/trend analysi® update and verify deterioration models

GIS tools are used primarily for recording informatan infrastructure assets. The GIS is effectively
the infrastructure asset registestoring information on asset type, material, diameter etc. as well as
being used for viewing and visualising event data, including bursts, collapses, customer contacts et

The GIS is typically used to support analysis of risks and target investment, based on frequency of
failure and the recorded impacts on customers and the environment. Some GIS Hak in

analytical capabilities, but it is also typical to export tlaadinto specialist analytical and statistical
tools that enable more sophisticated analysis, such as deterioration modelling and service
forecasting, and presentation of the data.

Statistical models and elicitation fornderstanding the probability of fdure

To helppredict thefailure of assets and servicepmpanies are typically using statistical and data
analysis tools and techniques to examine the failure history and build models that forecast expected
or remaining asset life, understand the probdbibf failure and how the probability of failure

changes with timddeterioration analysisMMost companiesif not all,have relatively mature water
infrastructure deterioration models.

For assets that fail less often companies acknowledge that statistical approaches may be less
reliable. For civil assets we saw some examples of inspection and monitoring techniques being used
to understand the health of key assets. However, for stratégiecasting purposes, the companies
tended to fall back on some form of statically derived model or expert judgement and accept or
manage the uncertainties associated with the related forecasts.

Tools for estimatinghe consequence of failure

To helppredict the consequence of asset failyommpanies employ a range wfls andtechniques
which included:

1 Usingdetailed hydraulic modellingp identify impacts

1 Satisticaland data analysis to quantify consequences, such as analysis of events and impacts
1 GlSbasedtracing andproximity analysis andiorkshops to develop risk maps

9 Failure modes andffects analysis (FMEA
1

Reliability and Maintainability assessments (RAM)
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At least me company is actively engaged in a programme of work to quantify systerenesilising
models that can simulate conveyance, asset reliability, system control and resilience hazards
underpinned by a 4Rs type assessmadihtis approach draswon a range of asset health and attribute
data along with the configuration and operation bktsystem to understand and quantify strategic
system risks.

Infrastructure assets

We were told that water distribution infrastructure can generally be managed reactively. When
these pipes fail, the consequences are relatively minor and can be addresst@xpediently with

an effective response/recovery. Replacing a distribution pipe line to avoid a single burst would not
typically be cost beneficidHowever, if a distribution pipe is in poor health and fails repeatedly the
economics of the decision may change and analysis of whole life costs and the risk may merit a
replacement decision. The type of analysis used to understand and predict serki(&'li€ and
deterioration modelling) is now routine.

Large, high consequence of failure trunk mains present a different problem. Failure probability is
very lowand often the asset in question has never failed (so asset performance is not useful as the
heath measure) difficult to predict and consequences of failure can be severe. It is difficult to link
asset health to service for these assets and gathering asset health data, such as condition data, is
expensiveA criticality based, practiveassessmen&nd monitoring approach may be justified. The
issue of this type of asset is discussedection 4.4.4

Similar considerations apply to sewers, though condition based inspection using CCTV is well
established and used to inform potential service risks exgenditure needs.

Non-infrastructure assets

We were told that production assets are complex and have a lot of built in redundancy so that they
R2 y20 WFIATQ 6KSY AYRAGARdIzZ f O2YLRYySydGa Tl Af
to addressssuesWe also acknowledge the message that the works output quality is used primarily
to monitor performance.

Taking this at face valuthe operational resilience and redundancy can compensaia greater or

lesser extenfor poor asset health restiftg in asset failure. However, asset failure has a financial

cost and if several assets fail simultaneously of failed assets are not repaired in a timely fashion then
the implications could be serious.

In theory, the contribution of each asset componeatid be quantified probabilistically by using
tools such as reliability block analysis, but generally it appears that water companies use more
pragmatic approaches for understanding the reliability of the components that comprise their
infrastructure assed.

We feel that more work can be done to help better understand complexinfsastructure assets.
We believe that companies are moving in the right direction and are capturing equipment failure
data, trialling condition monitoring tools and applying maimance approaches such as RCM, but
this does feel a little ad hoc and a more concerted approach is advocated.

The Expenditure Planning Framework (the new Common Frameywork

The water companies in England and Wales have been acknowledged internationally for the
implementation of the Common Framework to support fisdsed asset planning at PROA4.

The Common Framework was introduced for PR04 to raise the standards of asseemantg

planning in the sector and to help ensure that fisdsed planning was at the heart of this approach.
Whilst this is primarily a guiding framework, the documentation provides guidance on implementing
the various stages of the framework and is gerlgrpérceived to represent a good practice
approach.The Common framework was recently refreshed by UKWIR (the Expenditure Planning
Framework), but it is still in essence a risk based approach that encourages companies to quantify
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probability and consequerms of service failures; value the impacts and model the costs and benefits
of interventions in order to maximise benefit.

4.4.3 How are asset health measures used to inform timely and effective
expenditure?
Strategic brecastingof risk andthe benefit ofinterventions

All the companies utilised some form of software to quantify or qualify future risk and identify future
risk mitigation activities. Thapproachconsiders the probability and consequences of failure and
looks at the costs and benefits of expendéuihe value othe benefitis informed by customer
valuation of service measur@sthe service measure framewaorko support this, many of the
companies (all of the WASCSs) use integrated asset planning tools (such a<X3HADCH
C2YySYINOKQF QAL Liy®PSwid YIS G YIylF3ISNE |, 2N] aKANB
assessment, deterioration modelling, service forecasting and expenditure optimiséhien.

elements of the rik based approach can be seen in Figure 4.2.

Figure4-2: Elements of a rislbased approach to asset management

4.Consequence
of service
impact

5.Value of

2.Probability of 3.Likelihood of
1.Asset Health investment

failure service impact

As we heard (and is reported elsewhere in this document), the failure probability can be derived
from analysis of failure and performance data, modelling and extrapolation, inferred by expert
panels or indicated by pertinent asset condition measuhesane cases e.g. where failure data is
plentiful or degradation mechanisms are well understood, deterioration can be used to estingate th
effects of age related deterioration on asseBnntext information such as temperature and rainfall
data are typicallyricluded as causal factors in the statistical models used to predict rates of failure.

We note that statistical models are inherently uncertain and this needs to be factored into their use
as decision making tool€ompanies need to be assured (and be ablassure others) that the data
is accurate.

Companies told us that they are working to understand how best to manage their assets, or, rather,
the value that they deliver, and this requires a broader understanding of resilience and the inherent
level ofresilience of their asset systems.

Companies do not make investments purely based on analysis from models and theoretical linkages
between asset health, service and expenditutgperts are consulted and actual failure and asset
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data is examined before camitting investment Areas and toolsubject to ongoing development
are:

1 Asset performance scorecards and use of asset health data
1 GIS
1 Understanding resilience
1 Optimising health and resilience
Identifying risks and targeting investment

Severatompanies aakowledge that their asset data records are not complete and that in some
cases they do not know where all of their infrastructure assets are. But they believe that this is not
an issuen that it does not stop them delivering their outcomes. By and latigey believe that they
know where all of the assets critical to service delivery are and the risk of these critical assets
causing a service failure.

Performance data is mapped against assets using GIS and scorecard tools to identify the assets that
arefailingin reality (predictivemodels tend to give general resufiad contain uncertaintiésand
enable targeting and expenditure according to observed risk.

All companies now hold their network asset data in a GIS sy#ementioned in sectior[4.2it

was also apparent that companies are continuing to develop scorecards/dashboards of asset health,
performance, service and outcome data to manage service delivery. These dashboards were usually
linked to corporate data systems and created important liogsight through the business. Nearly

all of the companies we interviewed were able to demonstrate dashboards that drew on asset

health data to manage and communicate performance, service and outcomes on a regular basis.
The makeup of those dashboardaries some are livesome are a snapshot, and some track trends
over time.

In most cases these dashboaatsd Gl$rovide a line of sight between asset health measures and
performance, serviceutcomesand expenditure Some companiexouldshow us livelashboards of
asset and failure data operating in real time. This represented a live demonstration of the water
assets on GIS, which resolves the asset health and performance data down to the individual asset
level. This allows the company to identify t@auses of service failure at an asset scale, and is used
both operatiorally and for long term planning of expenditufehe best examples of these

dashboards were built on validated and assured data from a single source.

Asset failure data combined witlervice impact data is typically used to target where assets will be
replaced or rehabilitated. This is typically done in the case of network assets where the failures and
events can be mapped and analysed and the root cause of failure identified.

This woks well where failure data is plentiful and because the assets can be managed reactively, it is
OK to use hot spot/cluster analysis (using lag indicators) to target capital maintenance effectively.
This targeting approach is used in combination with akstre rate deterioration analysis to help
estimate the envelope of investment. For these lower consequence and relatively high failure
frequency assets, this type of approach is probably sufficient for managing service, risk and asset
health. Indeed, theurrent basket of serviceability based asset health indicators bear this out as
service is largely stable across the industry.

Asset health is not always an accurate or reliable indicator of service (and vice versa). For example,
for non-infra assets (ad if we assume that asset health is a measure of the propensity of the asset
to fail due to brealdown) then asset health and the consideration of maintenance optimisation are
potentially more about efficiency and reducing WLC (whole life costs) of rutirénglant, rather

than optimising the output performance of the works.

For lower importance assets, targeting expenditure to performance and monitoring the average
rates of deterioration for the asset cohorts is probably fine for ensuring that they doreate an
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danger that it becomes too late to intervene in a timely manner. Understanding the state/condition

of critical trunk mains is advantageousexpensive in terms of the inspection. For major water

production assets, the exact role of asset health is less clear and a wider understanding of risk and
resilience is probably important.

Companies recognise the need to develop more leading indicatalshan improvement is possible
but also point out that service is being managed effectively using existing information.

This is a slightly mixed message, but it reflects the fact that a) service levels are generally satisfactory
and b) despite this, theris probably more that can be done in terms of developing lead indictors of
asset health in order that improved forecasting of future service can be achieved.

We consider that there is work to be done in understanding how best to balance asset health
investment against operational and system resilience measures and that there is opportunity to
improve noninfrastructure maintenance planning by further deploying maintenance optimisation
approaches.

Clearly, asset health measures, on their own, do not faftyrm expenditure decisions. We have

already discussed that asset health is part of the wider resilience picture and so resilience of
operational responses, system configuration and asset redundancy also need to be considered. Our
(CH2M) thoughts are deloped as follows:

Understanding resilience

Likelihood of service impact can be influenced strongly by other resilience factors such as the ability
to respond operationally, or the presence of a bagksupply A simple riskbased modeand

statistical extrapolation of asset failure and service impaatks particularly wellwhere there is a

direct and easily quantifiable link between asset failure and a consequence fesiempact.

Companies recognighat thisis difficult where therewas redundancy and standby built into the
configuration of complex asset systems and efforts are now being made to better understand and be
able to model thes@ecisionmakingparameters.

Optimising health and resilience

Several companiesre exploring the relationship One company is actively building
between asset health and resilience in more detail. system models that are able to
At least one company is considering whether it is simulate theconveyance, asset
possible to identify an economic level of resilce. reliability, system control and
As discussed in secti@®.2 companies recognised resilience hazards aspects of thei
the complex interplay between asset hea(th terms water strategic supply systems.
of low failure probability, resistant and reliable The models provide a way of

assetsjpndoperationalresilience(system
redundancy, effective response and recoveagjl
the need to better understand trserelationships.
Figure 4.3llustrates the possible relationship
between asset healtfresistance, reliability dimensions of resilienaay operationalresilience
(redundancy, response & recoveigyestments to manage séce.

drawing together asset health
andresilience concepts

In this figure, there isrmassumption that service is relatively stable across the whole range.
However, at the extremes, service is likely to start to fail as it becomes impractical to adopt a wholly
asset heath (using reliability and resistanbaed, or wholly resilient system (using operational
response and redundancy) based, polissgset health is an integrated part of the 4Rs of resilience

and thisexample where they are forced apart to illustratecancept, isomewhatartificial; they ae
integral and not diametrically opposed.

CH2M 36



However the point we want to makes that there is likely to be an optimum n{delivering greatest
value over whole lifepf the optionsi.e.the 4Rs. This is likely to be situatigpecific and may change
with time. These are important issues and merit further investigation.

Figure4-3: lllustrative relationship between asset health and resilience
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It is important that noelementis neglected or overlooked when considering risk factors and

exploring the best balance of options.
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better than building in redundancy/connectivity, resporesgd recovery or other operational

approaches provides the best investment efficiency.

To achieve an economic level of resilience, now and in the future, the water companies will need to:

1 Improve understanding of Asset Health and better define the prolluififailure and
develop strategic repairenewal and procurement plans

9 Better define customer impact of asset failures based on detailed hydiadierstanding
and improved GIS representation of networks. This improved level of information also
enablesbetter response and recovery operations

1 Complete strategic evaluations of network distributions to identify isolated communities
that rely on a singl asset

1 Clarify the best value intervention in terms of operational management, repair or renewal. A
more detailed understanding of asset health makes it possible to assess whether to invest in
short term actions otong term capital projects

1 Further clarify the best form of intervention in terms of operational, repair or renewal and
focuslong term inestmenton enhancing resilience

Prioritising investment based on service measures has resulted in significant improvements to the
asset base and generally stable service and these improvements give companies the opportunity to
evaluate other factors that influemcthe longterm provision of reliable service. When the network
systemis considered, it becomes apparent that risk may be mitigated by considering system
configuration changes, but it is recognised that this is difficult to quantify where there is redeynda
and standby built into the configuration of complex asset systems. Some companiés@fere

building system models that are able to simulate the conveyance, asset reliability, system control
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and resilience hazards aspects of their water and wastemstrategic supply systems. The models
provide a way of drawing together asset health and resilience concEpéseseveralemerging
simulation tools (simple system model example is showkigare 44) which mayhelpto identify
risksand identify the best forms of interventions in line with a 4Rs classification methodology.

We believe that these present an innovative and promising method to integrate and balance asset
health andoperationalresilience investments.

Figure4-4: Reliability and resilience simulation

1 Oldford_PR ==

4.4.4 The role of criticality

The concept o O NA (iwadxdlofed witall companies. From discussions it was evidenathat

range of views and processes were used to try and qualify criticality. All companies described

criticality (and consequencegoncepts being used in decision making and how criticality was used to

define appropriate risk mitigation regimes for assets saglnspection regimes and development of
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definition to inform CCTV survey prograres.

Company responses reflected the use of different measures of criticality being applied across

different assets in the same company.

{2YS O2YLI yASa KI @S dzaSR (22fta yR Y2RSta (2 3ASy
corporate systems at amppropriate level. An example of this approach is the use of water hydraulic

models to understand the consequences of asset failure by systematically failing each pipe in the

network. The scores generated by this approach can be assigned to individuarkessgets and
used across a range of decision support functions.

Nonrinfrastructureassets have also been studied and the criticality assessed. Tools and methods
including reliability block diagrams and reliability concepts have been used and the findptgeed
at an appropriate level in the asset hierarchy.

Companies articulated the statutory obligation that are placed on them to inspect some of their
WONRGAOFEQ FaasSida d aLISOAFAO AYuUGSNDIFfta &adzOK | &
Several companies articulated formal definitions of criticality for water networks or zones of water

networks. These definitions considered the sections of the network linked to sole sources of supply
serving more tham specific number afustomers.

In general, companies articulated a view of criticality that was either:
1 Criticality is about the consequences of failuoe
9 Criticality is about risk
2 KSy S aLkR1S G2 O2YLIF yASa Fo2dzi FaasSid KSI
0

I -y
howbesttont Yy 3S WKAIK 02y aSljdzsSyO0Ss t2¢ LINBOI OA

AR
uéaQ

td
f Al

CH2M 38



We believe that for many water company assets it is perfectly acceptable to use asset performance
and failure data and statistical analysis to determine failure probability and deterioration and

thereby phn timing and extent of expenditure. Typicatlyese are assets whose failure would have

a small or negligible impact on service and where a reactive maintenance approach can be effective.

However, if the asset is one where the consequence of failutdaivery high and the failure of
probability is very low, then it may not be possible to extrapolate historical failure data to help
estimate failure riskit is inevitable that there will be a number of critical, high consequence of
failure assets, sucis major trunk mains, where companies are not fully aware of the state of these
assets and hence the risk of failuiewas not so evident from responses as to the level of
confidence that companies have that failure probability of the critical assetiuily understood

some companies have told us that they are prioritising monitoring and inspection based on
consideration of the criticality and consequence of failure of these assets.

In these cases, it is important to know where these assets are, Wkatdnsequences of failure will

be and to consider the value of gathering additional asset health data, such as physical condition, to

help infam the asset management process guldns put in place for dealing with potential failures.

We were told by soméhat assets with a failure history are the priority, but this will bdittie
c2yaz2fliArazy AF (GKS WTFANRG o0dz2NEGQ NBadzZ Ga Ay RSO
prepared.

In the case of these important assets, we (CH2M) believe that a kegetafanl 8 8 S Qa KSI f (K
the ability to resist load. Many of our assets are exposed to aggressive operating environments and

as they age, the resistance (R) decreases and the asset will become more vulnerable to failure under

load (S). A typical exampleuld be a steel trunk main under high operating pressure that has a

damaged external coating and is being corroded by an aggressive soil. There is uncertainty around

both the resistance, the stress and indeed the rate of aging. However, as the ass@rdéts, the

distributions of stress and resistance start to converge and asset failure probability increases. The

capacity to resist load is a potential measure of asset health.

Figure4-5: Asset deterioraton and failure probability
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If the asseisstill relatively young, it may be many years before the two distributions (R & S) start to
overlap and failures start to occur

Thereis a widely held belief that at some point investment in asset renewal (or rehabilitation) will

need to increase to maintain customer service. This was also a conclusion of a soon to publish

UKWIR project on loagerm investment in infrastructureThis i SOF dza S O2 YLI yASaQ Ay
not been keeping up with asset deterioration. The effects of this on customer service have, to date,

been masked by other elements of resilience (operational response and recovery, and redundancy).

But eventually, the ldcof investment will impact on service, as other resilience measures are
2PSNBKSE YSRD LT YlIye 2F (GKS | aasSia NBFOK GKAA L
unmanageable failures.

We would anticipate that, at present, rates will increase slowly due to natural variation in
RSGSNAZ2NI GA2y NI} GSa oGKS FaaSida ¢2yQia Ittt NBI OK
is important to understand aging, monitor assets and bstainable in the long term we (CH2M) do

y2i O2yaARSNI I Wo2¢ o6 @3SQ 2F LR2N aasSi KSIFfOdK |
it would be prudent to continue to research these issues; develop a sound understanding of the

asset health andesilience tradeoffs and have a mechanism in place to detect change in a timely

fashion so that efficient measures can be taken if and when necessary.

The moreémmediateconcern, therefore, is the unexpected failure of individerdtical assets, the

state of which may not be known with any accuracy. If thi critical asset (such as a trunk main)

and one where the impact of failure is significant, then there is great uncertainty regarding the risk it
presents.There is value in trying to understandealturrent state of the asset, specific deterioration
processes and the stresses in order that we can determine when the failure probability is becoming
a significant factor in terms of the overall risk. We also need to understand consequence of failure
andcriticality as influenced by wider consideration of resilience, so that risk can be managed
optimally. The asset manager will also need to be able to determine at which point they will need to
focus on asset health as opposed to reliance on system resliand operational response.

It is tempting to recommend that such assets prame candidatesor undertaking condition
assessmenito help understand the failure probabilignd we note that companies do undertake
such appraisalfHowever, we acknowlegk thatassessment approachesich as discrete sampling
may not be practical or accurate enough; thadiime inspection may be expensive and extrapolation
from cohort models too imprecise which may limit the extent of-pative inspectionbut this is an
area where the industry should come together to share insights and research solutions.

3Fora population of similar type assets it may take some time before service deteriorates noticeably despite maintenanceeamesla

of assets is not being balanced against deterioration. A population of assets will also tend to exhibit a wide ramegeobfeterioration,

pKAOK SELXFAya gKé WOfAFTT SRISAQ INB y2d O02YY2y T2 Nbriidelahtf I A2y a 2°
are of a similar starting condition, a more pronounced effect could be observed. This woulddékely for shorter life assets operating

in aggressive environments.
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Understanding the views of the customer
5.1 Context

As part of our review we wanted to understand the extent that individual companies have
developed an understanding of asset health and subsequently to what extent an asset health
dialogue has been undertaken with customers. It could be considered thavtheoncepts are
interrelated, hence if the company has a specific definition of asset health it is more likely to
undertake a dialogue with customers explicitly about asset health.

In addition if a company has undertaken a dialogue with its custontsas,it has developed an
effective language to convey the key components of asset health to its customet Kagéssues

we wanted to consider here were whether, based on the dialogue with the company, customers
were likely to understandsset health

A final focus for this section was whether once an effective and discreet definition of asset health
has been conveyed to customers, customers have been able to assign a value to asset health.

Althoughcustomer engagement oasset healtrand more especiallgesiliencehas been mentioned

in the past, it is only in more recent communication with WOCs and WASCs that it is being discussed

in issues related to the business plan submissions forPR®NJ SEI YL S Ay hTsl (GQ4&
consultation on the outcomeE NI YS g2 NJ] FT2NJ t wmp GKNBS 2F hFsl Q4

SELISOGIdA2ya F2N t wmd NBf I (S Konipaniestiziuld enya§eNiitS y 3 I 3 ¢
their customers and CCGs on how their asset health measures protect current, future customers and

the environment 6! LIWSYRAE oX LI 3IS Hnoo

5.2 The questions we askadd their purpose

We asked the following questions in order to form a view of the extent that asset health has played
in customer consultation and eliciting customer views and values:

I Have yolhad a dialogue with your customers regarding asset health? The focus of this
question was to understand if companies have had an explicit and direct discussion with
customers in relation tasset health

1 11 @S &2dz RSOSt 2LISR | Yy yhgasseObakthz8nceptétb y 3dzr 3SQ T
customers? The focus of this question was to understand if companies had attempted a
dialogue with customers, whether that was effective in conveying issues related to asset
health, or whether, despite the attempt it was tatifficult to convey assdtealth principles
to customers

1 What value do your customers place on asset health and how is this evidenced? The focus
of this question was to understand whether given an effective description of asset health
customers are abl&o assign a valu® asset health more generally

4 E.gA consultation on the outcomes framework for PR19 AppendiB8tter reflecting resilience in outcomes, Ofwat 11/2016 ;
Outcomes; Water 2020 stakeholder workshop 21/2/17; Ofii Q& Odza G2 YSNI Sy 3+ 3SYSyid Lkt A0 aidl dSYSy
25/5/2016; Ofwat workshop on outcomes 14/6/16.
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5.3 What we were expecting to be told

We expected a varied response to these questions from companies due both to the absence of an
accepted definition oasset healtrand that companies are at different stagefstheir engagement
with customers for PR19.

We expected some companies to have explicitly considered asset health issues in relation to
customer dialogue and engagement. Our expectation was that this would be where there has been
active engagement for PRBndor an ongoing focus oasset healttand or resiliencesince then,

partly because of PR19 expectations and partly because asset health has actually become embedded
into the organisation as an operational driver.

Where asset health has not been emided or played a key role in PR14, we expected to find less
focus on asset health in customer engagement to date. This expectation was driven partly by a lack
of explicitdirectionfor engagement on asset healtftom key regulatorswe note that Ofwat did
emphasise the importance for consultation on performance commitmeanmksch includes those
currently described as asset health measutesuch instances our expectation was that companies
would continue to assess broader outcomes and focus on maintadicgptable service levels,
broadlyin line withthe common framework approach. This does not reflect a lack of interest by
companies in asset health, only that it takes time to reprioritise, plan and incorporate new issues
along with existing componentstmtheir plans.

Where companies have explicitly considered asset hetiién we would expect to hear mention of
plans and issues around asset health and how it had or could be incorporated in deliberation and
guantitative work, the role of valuation asell as how it would influence decision making processes.

5.4 What we were told

5.4.1 Customer dialogue and asset health
2S Fal1SR O02YLI yASa al @S @2dz KFIR | RAFf23dzS 6AGK

Companies told us that for PR14 they engaged with customers to understand service priorities, views
on future Outcomes and Measures of Success and the overall acceptability of their plans. Plans for
PR19 were at different stages in different companiesutitofew shared these in significant detail.

Most expected to make enhancements to their approach at PR14. Enhancements included:

1 Deliberative assessment using amongst other methods, focus groups, deep dive interviews,
and off or online customer researchanels

1 Quantitative work involving surveys including stated preference (Willingness to Pay (WTP))
and in some cases revealed preference studies. Some companies had two phases: Phase 1
informed, and prioritised outcomes and the value of changes in seatiibutes and was
often used as an input to optimizatianodelling Phase 2 assessed the acceptability of the
business plan service choices and their cost, identified through household bills. In some
cases, revealed preference studies (e.g. cost of ddripe river)were used to value
attributes and provide a comparatond/or anelement of triangulation

1 Specific topic studies including for example vulnerable groups, investment for the future,
drinking water prioritiesyesilience and acceptability

Allcompanies engage with their customer groups through a variety of communication mechanisms
and all are undertaking or planning customer research to value service delivery. However, asset
health does not feature as an explicit topic in most cases.

WOCs antlVASCs provided a clear response on the exteassét healthdialogue that has been
undertaken with customerdn the majority of cases WOCs and WASCs advised that they did not
undertake a direct discussion with customers in relation asset health However, in many of these
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cases WOCs and WASC:s feel that other questions/queries with customers can be considered as
appropriate proxies foasset healttor, rather, the service delivered by assets that are healtfyr.
example, all companies had performarmmmmitments related to asset health at PR14 and
companies engaged with their customers and CCGs on their performance commitments.

Figure 51 sets out theproportion of companies that had an explicit dialogue with their customers
and those companies wherenaexplicit dialogue in relation tasset healttwas not undertakergnote
that this is a composite view based on PR14, business as usual and preparation for PR19 dialogues)

Figure5-1: Levels of asset healttialogue(including at PR14)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Direct Dialogue ® No or Little Dialogue

Based on the findings of our revieme understandhat almost three quarters of companies had not
undertaken an explicit dialogue with their customers in relatioms$set healthat this time The key
reasons companies hadnengaged with customers asset healthwere cited as

1 Companies believe that it is difficult to engage with customerasset healthas customers
do not necessarily understand the concept and have difficulty relating to it

Asset health is consideredcamplex issue which customers can struggle to understand
1 3aSi KSIfGK Aa O2y&a8ARSNBR (2 0SS LINIL 2F Wo dz
this to be managed on their behalf by the company
1 Customers are more interested e more immediatésales such asesolving repeated
supply interruption
f Assethealth YR A (& Wamphcitiidsatssian oflildissuessuch asjuality of
supply, leakage and interruptions
Our review found that a number of companies did disasset healtlissueswvith customersg
0K2dzZ3K ¢S IINB y2i OtSINIK2g 2FGSy GKS GSN)Y W aas

Wider evidence suggests that asset heddues can bamportant to customers. For examplbe
deteriorating health of thaButterley reservoir spillway provokedcommunity controversy and press
and social media discussichmember of public launched a crowd funding appeal to fight or change
ongoing plans. This illustrates the importance and provides an opportimitgderstand customer
priorities and tradeoffsin relation to the asset health

The numbers who contributed and joined the social media discussions reveal the importance of
participation by certain customer groups for some types of asset.
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Examples of asset health discussions with customers

9 Yorkshire Watethave an Online Community of customers as part of ongoing customer
engagement activity for PR19. The community is made up of a representative sample of
customers from across the region. The community is involved in discussion across piasy
regarding service and communications that customers receive from Yorkshire Water. Asg
health is one of a number of topics currently being discussed with the online community.

Other approaches mentioned include wider stakeholder contact includiagriial feedback
from MPs, the use of company magazitesform customers on company news including
new and replacement assets. Several companies said customers had identified the need
better understanding and educatioin relation to asset health

Souh Staffordshire Watethas a customer panel who have been engaged on asset specifi
schemes which impacted on asset health at PR14. This has been supplemented with rec
CCW/customer panel engagement on current asset health decisions.

Direct customer sumys have been undertaken BputhernWater to understand whether
customers value affordable, stable asset health and service resilience including for future
generations.

Some companies said they would undertake further work on asset health but werg@exifis in

what form this would take. Others, mainly water only companies, said they expected to continue to
develop their existing approaches using valuation of assets through service and performance
outcomes.

Northumbrian Water told us they recognisecetheed for a clearer steer on customer involvement

in asset health. In preparation for PR19, they plan to talk more to customers about what they do and
establish what customers want to have a say in and what they are happy to allow the company to
plan anddecide on their behalf without a further steer.

5.4.2 Effective language to convey asset health concepts to customers

It is clear that only a small number of companies have had an explicit asset health dialogue with their
customers and companies can conside toncept too difficult for customers to consider directly.

Four themes on language and asset health concepts emerged from company responses. These
themes were around:

1 Ease of customer comprehension and the complexity of asset health

91 Perception of riskand how it was framed

1 Ability to target different groups using appropriate communication channels and content
1 Use of scenarios

5.4.2.1 Asset health complexity and comprehension

Companies told us customers do not genlgrahderstand what is meant kasset healtrand they
are more interested in asset service and performandeich are concepts they can relate to.
Companies tend to engage with customers through these elements and from this infer the
importance of asset health. In other words, it is not always reagsto have a dialogue with
customers on asset health arder to assess asset health. Thresponsedighlightingthe issues
are provide in @ble5.1below.
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Table 51: Customer understanding of Asset Health
Company Message ‘

Thames | "Customers understanthat maintaining the current level of service is impacted by investment in Asset
Health both now and in the futureThey can engage with this concept and recognise that spending in tf
area may need to rise to deal with the effect of ageing assetsdardo maintain the same level of service
iKS8 OdNNByife Sye2eé ¢

Anglian | Evidence from Anglian Wat@rDomestic Customer Survey [1] suggests investment in current and future
maintenance is an important customer priority (after tackling leaks). Howevemtas also the area that
participants in qualitative research and engagement activities found the most difficult to comment on.

Severn GLG A& y20 adNIA3IKEG F2NBINR (2 Sy3ar3asS gAiAiK Odz
Trent customes about asset health we typically do this using terms and concepts which they are more likely
NBfFGiS (26 ¢KA& AyOfdzRRSay

A understanding their willingness to pay for service improvements that can be a manifestation of chai
asset health, for example supply interruptions and sewer flooding;

A understanding attitudes towards risk and resilience, and a willingness to payréatuction in risk, and,;
AY2NB 3ISySNIftte @GASsa 2y YIFAYyGESylryOSY AyFNI &l

5.4.2.2 Risk and risk perception

Several companies told us that customer perception of risk is affected by the way inssbitdrios,
choices or questions are framed and ordered. Severn Trent, Thames and Anglian each plan to
implement research (qualitative and quantitative (WTP)) with people previously impacted by service
failures due to asset health or related to resilien€empanies did not say how they plan to use any
emerging findings. However, they could provide case studies and insight to improve situational
reality and understanding for others, they may form a comparator group for valuation studies or be
used for trianglation.

Severn Trent, Thames, Anglian and Northumbrian Water are all planning to use gamification or
simulationin & @St 2 LAY 3 |y WAYYSNAADS QoHelpduiidnerOK (2 SELX 2
understand and appreciate the potential impact of a service ffaitn their daily lives. This work

may have somsignificance with respect tasset health.

5.4.2.3 Targeting and appropriate communication

Before developing their digital strategy in 2015 Yorkshire Water told us they engaged with
customers and used segmentatitmunderstand how different types of customers would like to be
communicated with in different situations. The work undertaken also led to guidance being
developed on tone of voice and what was appropriate for Yorkshire Water to use on digital channels
when communicating with their customers

Companies such as South West Water, Thames and Anglian have undertaken analysis using
demographic and locational factors to improve their understanding of customer segments.
Companies also segment customers in terrhbilling arrangements. Companies appear to use
conventional approaches based around geographic or sexmmomic factors. No companies

mentioned the use of more holistic market research approaches for groups of customers with similar
concerns or driversral interests using methods such as principal components.

5.4.2.4 The use of scenarios

Anglian, Severn Trent and Thames provided examples of research to understand customer

understanding and valuation in qualitative and monetary terms of asset resilience ancaatibt

C2NJ twmn {SOHSNY ¢NByd NBASINOKSR I Nry3aS 2F Adac
Aqueduct and the resilience of supplies to Birmingham. The core focus was the then current supply

situation for Birmingham and four possible future mpts. Customers expressed a clear willingness
to pay for greater resilience in order to avoid extended interruptions.
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Thames has undertaken phased surveys to investigate the influence of demographics and geographic
location on awarenss and attitudes to th Thames iflewaytunnel and its affordability.

5.4.2.5 Summary

In summary, different ways tdiscussasset health andesilienceare being used. The use of
scenarios in stated preference surveys has had some success. Research to understand targeted
digital communicationshas supported digital and eine discussion on asset health and other
subjects.

5.4.3 The value customers place on asset health

We asked companies what value do your customers place on asset health and how is this
evidenced?

As already discegd, companies have told us that most customers find it difficult to value asset
health per se. They understand service and performance outcomes and, in general, are able to
prioritise and value changes in these. Valuations are undertaken at individualeskzvel impact
and in many cases follow a similar approach to PR14.

Key elements of the valuations of individual outputs or service levels are:

1 Companies have used contingent analysis surveys to assess willingness to pay for a change in
a particular guation

T Situations can be hypothetical or specific questions can be linked more directly to alternative
options. These can give customers the opportunity to more clearly indicate if one solution is
preferred or valued in monetary terms over another

1 Some ompanies have used alternative revealed preference methods to elicit valuation of
outputs

T Some firms such as ICS and Accent have used academic review of the studies as well as CCG
groups

1 Companies have undertaken deliberatimedepth interviews, focus gigps, customer panel
surveys, WTP studies and revealed preference fwoHich can be used together to
triangulate and support (or not) valuation workor@pany interviews and responses did not
explore the strengths and weaknesses of valuation fieint valuation methods

T Anglian Water explained some companies used stated preference approaches such as
conjoint analysis, which can value individual service or performance attributes. Optimization
decision support programmes use these in investment prioritgafl he value of asset
health is inferred using this approach but could be explored further if asdesglicitly as
an attribute

1 Southern Water reported, While WTP research in its current form provides a strong
evidential basis for capital investment planning, there have been challenges, not least from a
number of CCGs, on the extent to which customers really understood the stated preference
exercises or wether they were too detached fromred@ 2 NI R RSOA&aA2y aé

In terms of the asset health service values drawn from PR14 Stated Preference survey reports the
amount of directly evidenced support fasset healths limited. We do know that:

5 whichassesshe value consumers place on goods and services from their purchasing habits or user activity

6 Water 2020 Customer engagement: lessons and opportunities, Southern Water

CH2M 46



AnglianWater saidservice attribute responses and the values assigned provide a level of
customer demand. This can be mapped to, and compared with different supply side service
solutions. The solution can include operational as well as &&sdth and capital solutions

Business plan acceptability work for Southern Water suggested thaisémgce household
customers were willing to pay up to 8.2% more (£38) for an intermediate package of
improvements, and 16.1% (£75) for a maximum improvement package. Some of the
improvements within the packages were asset health related but it may have been difficult
for customers to identify this

As part of the Thames PR14 customer acceptability testing, they explained asset health as
WY AYdl Ay Ay 3blelwater and Bastew@RNI NIREAAIIS Y Q

For certain services, and with some approagrmsme companies are using failures and
levels of performance as a proxy to infer values of embedded asset improvement in a
package of services. However, business needs and priorities do chanfymding for a
given outcome or service could be spent flexibly within the boundary of the outcome or
service and may includesset health solutions or not

For Anglian Water current and future maintenance appeared in their list of priorities, with
56% of cetomers indicating that they would support an increase in maintenamogstment
from a baseline level

Most companies told us that their customers have indicated they want a reliable and good
quality service and that they trust the companies to plan anlivdethis accordingly

7

conjoint analysis to assess service attributes
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Assuring our approach to asset health and
maintaining service
6.1 Context

The companies were asked four questions around the subject of assurdfesanted to
understandhow they apply themselves to assuring that the knowledge of their asset health is
robust, and therefore that their ability to provide the service to their promised standard is soundly
reported and based on good information.

We asked the following questisnin the order they are discussed in the report:

1 How successful have you been in delivering your asset health commitments and what have
been the main factors?

1 What assurance processes do you have in place to ensure that your asset heath related
obligatiors (the general duty to maintain your system) are being met? Do they address:

0 Asset data sufficiency and forecasting of service and timing of investment
0 IT systems
0 Understanding of risks to service
o Effectiveness of models
0 Resolution and targeting
1 Responsed asset failure
o How do you identify and assess the implications of potential asset failures?

0 In cases where failures cannot be prevented, or are unexpected, what are your rapid
response emergency measures and longer term care plans and how do these
mitigate the impacts of failure?

o How do you capture lessons learnt from the above and incorporate them into the
way you manage asset health, especially when considering proactive and innovative
interventions?

1 What assurance and testing is done on new asseltelp ensure that they will achieve their
intended design life?

The responses and discussion around these questions will provide an understanding of how
companies view their current performance in maintaining asset health and the key factors that
support that performance

Following through the responses will illustrate how company assurance processes are supporting the
stated view of performance through successful scrutiny of their data, models and sysisiins

whether or not these allow a comprehensivedemstanding of the risks of asset failure and how to
respond to such failures. Responses will also illustrate how, when failure incidents do occur, a
company then feeds the lessons and information learned into a continuous improvement regime.

Finally the responses will showvhat assurance i placewhen developing new assets to provide
confidence that design lives will be met and how is this influenced by experience with existing
assets, the present assurance processes and recent lessons from asses fail

CH2M 48



6.2 Successful delivery of the MoS

2S 2aSR GKS ljdzSaaAaz2y (2 tf O2YLI yASas al 26 &ad«
KSFIfGdK O2YYAGYSyida IyR gKIFId KIS 0SSy GKS YIAy 7
The responses received allowed a qualitative assessment of giafive success in meeting their

individual performance expectations. Responses also provided elaboration on the main factors
affecting performance against expectation and the context in which these factors should be viewed.

The question is searching foformation and insight that would allow a view to be taken of the
appropriateness of the Measure of Success metric used by a company; the associated factors
contributing to success or otherwise of a company in performing against the measures would
hopefully provide demonstrable evidence of that appropriateness.

6.2.1 Delivering on asset health commitments:

Universally, companies state that they consider they are meeting their target measures for asset

health. The performance is generally substantiated with \eziee to meeting serviceability and

customer service target levels of performance over a period of time, commonly AMP 5 to the

present Some companies notddnger periods back to when specific monitoring data recording was

begun in earnest, forexampte2 NIi a Y2 dzi K 2 I § SNDR& NBFSNBYy OS G2 . dzN

Severatompanies caveat their responses in some areas where singular failures of an asset or
compliance requirement have occurred and detracted from otherwise stable trends in reported
performance. The place in the system, and thus the criticality of the asset that failed, was generally
not included in company caveats and this is considered to be an indication that company awareness
of the health of some of their critical assets in terms of failumabability could be improved, both in
terms of coverage and quality.

Adverse weather conditions were a common factor in such cavieatss reported by some,

weather conditions can also be benign and allow on occasion significant outperformance against
targets. Care is required with such cases as establishing what the target value is that accurately
reflects that asset health is being maintained in the long term is not free of problems as record
periods can be relatively short.

6.2.2 The main factors for sucees

It is evident that there is no single factor and hence remedy that can be applied to companies to
bring them all up to a common standard of performance; the responses provided confirm that
company circumstances and local conditions preclude this anddbeelop and manage their

approach accordingly. The individual approaches adopted would appear to suit and be appropriate
for the circumstances found, as in the main, the companies are of the opinion that they are meeting
their asset health commitmentssing their chosen measure and none have indicated that the
measure(s) could be inappropriate with respect to ensuring and maintaining asset health.

There is large variation in the level of detail provided by companies on what they considered to be
the mainfactors for the success being reported. Overall, from analysis of the responses there are a
number of common themes or elements evident. The success factors are manifold and the
descriptions provided show some commonality at WOC and WASC level whehihtlevel:

T 2h/ Q& LRAY(GH G2 aLSOATAO RSGEFAtA FLLIEASR G2 |

1 WASGhighlight systems, monitoring and evaluation, consistent data sets and approaches,
and good timely and consistent communication

In the case of Thamé&¥ater, it was a case of both being provided willtailed description and
itemisation of specific tools and approaches provided by system and asset category.

We have drawn out the most frequently mentioned factors and factors of particular note as:
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I Targeted investmentensuring investment is well focused and appropriate and investment
plans are flexible

Risk models and forward looking risk models
Tools and systems
QA, QMS to PAS 55/ 1SO 55000 approach

Monitoring and evaluation, routine and monthly, with review by exé® leadership teams
or specialist communication cells to promote uniform, consistent and timely view of
performance and effectiveness. On occasion, this factor arose unddartdader heading of
Governance

= =4 4 -2

1 Mature alliances, mentioned in the contextaélivery partners and similar therefore in
nature to continuity of approach and people

Common data sets across business processes

Welldefined measures, in one case expanded further to note that a sensible balance
between mature data and new measures fionovation was a factor

1 New and renewed focus, mentioned in the context of reporting and monitoring and more
transparent decision making

1 Fresh minds and contribution from outside the water and sewerage sector (phtmical
industry and highways both meinhed as sources)

1 The success factors have evident linkages and dependencies between them, reinforcing the
higher level factors such as ISO 55000 systems, monitoring and evaluation and
communication and common understanding of performance. There is therdfie
recognition of the need for relevant performance data to be available to ensure forward
looking models are appropriate. This requires that the measures and metrics used are well
defined and this was recognisada number of company responses

1 A theme of consistency over time is evident; some companies referring to mature alliances
and approaches and mature data

1 Larger companies, predominantly WASCSs, refer to systems and processes, and good
consistent communication within the organisation as keytdbuators to success. There is no
indication that the lack of mention of this among smaller companies is accompanied by a
lower level of performance and assurance is frequently a tacit element of their approach; it
is more the case that systems and pro@ssare of a form appropriate for the size and
complexity of the organisatiarit is not evident that smaller companies pay less attention to
or apply less effort to assurance of their asset health knowledge and processes. It is
reasonable to expect compampproaches to assurance to be risk based and from the
qualitative responses provided, once the size of the company is taken into account, the level
of assurance efforloes not appear to vary gregtl

I Severatompany responses to questions on the subject of innovation, incentives and
barriers referred to the lack of incentive and reward for the greater risks incurred in
adopting innovative approaches. Greater collaboration between companies was cited as a
possble positive contribution to overcoming this barrier; this would also be a positive
contribution to the assurance supporting the quality of the innovation and mitigate any
influence that company z¢ may have

6.3 General assurance (process, data, tools)

Theassurance framework under which companies are operating underwent significant change
during AMP5 with Ofwat requiring companies take responsibility for the assurance that they provide
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across the whole business. Concurrently and in the area of currenégrasset management and
therefore asset health, the traditional role of the Ofwat appointed independent third party Reporter
was removed.

We therefore posed the following question to illicit from companies how they had responded and

structured their asstance to manage the risks in order to fulfil the new obligation placed upon

GKSYY a2KFG F&daadz2NI yOS LINRPOS&aasSa R2 &2dz KIgS Ay L
obligations (the general duty to maintain your system) are being met? Do they adédiesest data

sufficiency and forecasting of service and timing of investment, IT systems, understanding of risks to
ASNIAOS: STFTSOGAQPSYySaa 2F Y2RStaz yR NBaz2fdziAz2y
We would expect to see that companies had implemented rigorous assurativeeatievels, at the

operational management level and built into the culture as a matter of business as usual, in the

internal risk management and compliance function of the company, and with the internal audit

function. We would also expect significahtrtl party involvement in these assurance activities in

order to bring independent and specialist expertise where companies recognize models and

techniques are new, often complex and still under development. Given the very varied size,

circumstances, andgks present across the companies it would be reasonable to expect a very wide

range of areas and approaches to assurance provision but always built around good asset and quality
management principles and practice.

6.3.1 What we were told key observations:

The level of assurance that companies describe covers a wide spegfram at one end the
rigorous implementatiorof the three lines of defence to the other extreme of description of
individual pieces of assurance carried out on specific elements of company activities.

The three lines of defence was specifically used to describe the assurance approach in only two
companies, Severn Trent and United Utilities.

The deployment of an independent assurer in a Reporter role
for assurance of annual reporting was universal across all
companies with the scope of that assurance usually based o There is a noticeable

assessed risks. trend, with largr

The asset managemeprocesses were stated to be in line companies having
with 1ISC65000 principles by seven companies, of which fo clearly identifiable
currently have accreditation for their systems and by assurance processes
implication regular independent assurance checks carried o
on them.

Of the four companies accredited ISO55000 Northumbrian
reported that their wider processes for asset management
were covered by an integrated quality management system
accredited to ISOG001. Quality management systems to ISO
9000 were reported in four companies in total of whichatérhave sought and achieved
accreditation.

and teams in various
areas of the company

Specific examples of independent assurance were provided by all companies over a range of subject
areas, in the majority of cases there was reference to the assurance of infrastructure and non
infrastructure deteforation and service impact models. As responses generally referred to specific
examplesit was not evident that assurance was comprehensive and covering all models used, nor
that the assurance was targeted at those considered to have the most riskeattdo them and to

be difficult to assure.
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6.3.2 Findings and comparison across companies

There is a noticeable trend in the responses with the larger organisations having more structured
responses to the question and able to point to clearly identifiable as®@rarocesses and teams in
various areas of the company.

We note that it was beyond the scope of this project to look in any detail at the assurance processes
and are unable to say categoricalijretherthey are fully effective.

Some maller companiesvould appear to be less likely to have all the same formal assurance
elements and structure in place. Their tacit understanding of a smaller stock of assets, and
theoretically greater ease with which they can understand their assets and their perfornmaage,
drive a perception that there is lower risk to their assets and operatitheseforesome of the
assurance processes required of a larger companypeareapsnot such a priorityfor a smaller
company

The cyclic nature of business planning and présgews may alsbe an influence in this regarthe
majority of companies are implementing revisions to systems or models on some scale in
preparation for PR19 and either are or will be seeking further assurance on these developments.
This is recognizabfeom the manner in which these will be procured from recognised and
accredited providers, the application of internal comggrocedures and governanaed additional
independent review and assurance on specific areas of concern identified by companies.

6.4 HEmergency response and dealing with asset failure

Integral to delivering an approach to managing asset health and a satisfactory service to customers is
understanding the consequences to the service of unexpected failures and circumstances.

For the extrene cases and as directed by DEFRA, a company is required to have SEMD plans in place
and assured every year at a lower level that is focused at an asset level. In these plans companies
have a free hand to develop appropriate systems and although therebeayn element of overlap
between the twq it is specifically the lower asset level incidents which are of interest.

The guestions asked focused on identifying consequence of and response to failures, and the
subsequent inclusion of the lessons learnthia future management of the assets, in three parts as
follows:

1 How do you identify and assess the implications of potential asset failures?

1 In cases where failures cannot be prevented, or are unexpected, what are your rapid
response emergency meassrand longer term care plans and how do these mitigate the
impacts of failure?

1 How do you capture lessons learnt from the above and incorporate them into the way you
manage asset health, especially when considering proactive and innovative interventions?

Our expectation of companies is that their systems can or have identified in a structured manner the
element of the service they provide that is dependent on an asset. To ensure such a task presents a
manageable workload this would be targeted at critichigh risk assets, that response

management plans would cover a range of failures and that the process would be the subject to a
comprehensive feedbagkocesgo improve identification of consequence of failure, management

of asset health and improvedngeting of investment.
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6.4.1 What we were told key observations:

Responses show all companies have processes in place to identify the consequdaiteeo Risk
based approaches have been employed, criticality of assets
reviewed and networks modelled to understand the parts
of the networks that would leave the company vulnerable
were they to fail. Companies refer to consequences in
terms of the acepted measures of interruption to supply,
water quality, sewer flooding, pollution events etc., no
innovative measures of consequence were drawn to our
attention, however there is variability in the extent and
manner to which consequence is valued. but assurance of
lessons learned is less

clear

Lessons learneale
frequently used in
investment planning,

Pending improvement in understanding of failure
probability in the critical areas there is a risk that response
measures are not comprehensive, potentially lacking in the
assessment of the scope and extent of potential failures.
Further enquiry into the dtail of company response
processes across the wide variety of asset types that they
operate would be required to gauge whether they are not robust and in need of revision sooner and
to a greater extent than the normal review and feedback improvement @®teat companies are
operating will provide.

6.4.2 Findings and comparison across companies

There is evidence of continued work being done to
improve understanding dhilure consequences .
through, for example critical links analysis and Risk base(?l;.)pr(.)acheﬁave beep

modelling and coverage of across the approaches & ik y D el IVAS EES S CHENE

being extended to increase cerage of networks. and networks modelled to understanc
There is further work identified by companies as the parts of the networks that would
required for them to have comprehensive view of leave the company nerable were
their complete network in a uniform manner and in they to falil

some instances the quality of the assessment is
potentially limited by the incomplete kndedge of
the assets.

In terms of how companies respond to failures, the use of Emergency Management Plans was a
universal responsand were aknowledged by some as being an atteay would like tamprove.
AnglianWater mentioned thestrong partnershigetween operational units and allian¢eelivery)
partners; it is not clear how a consistent level of response is achieved through this approach, nor
how it caters for potential shortfalls in asset knowledge that hinder both understanding of
consequence andesponses to failures.

The feedback of lessons learned, post incident reviews and the like, are a key element to asset
management and the improvement of long term asset performaiide formal requirement for ISO
55000certification All companies responded that they have lessons learned processes in place, in
the case of Northumbrian it was noted as being improved under the continaddicationprocess

for 1ISO65000, reinforcing the benefit of such system implementation prograsam
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A ommon theme from company responses

Companies are approaching assurance of JISALCESIURERS ISR URYTS
new assets from three directions:

preparation of subsequent asset

. ! . investment plans, not so evident is whether

i) Design and technical standards of the they point to needs for updated modelling

assets to identify consequences of failure and

i) Comprehensive commissioning plans ar BRI RULESEIE RS
consequence values, or for imprave

processes ) o :

_ _ understanding of the probability of failure

iii) Post project reviews of assets. Such recommendations might

arise from an assurance exercise carried out

on systems werene to be carried out; howevethere was no evidence and narrative from

companies on assurance of this aspect

6.5 New assets

Tounderstand and have confidence in the future health of new assets and confidence in the
assumptions of asset life used in the investment decision for those new assets is needed, we asked
the question:

€2 KFEG | aadzNI yOS wiaSsktdth yel ensuie thatzhgySwill 2gfeethgiSintended
RSaA3ay fAFSKE

Our expectation was that measures would be presented in the areas of acceptance and
commissioning of new assets with respect to the technical standards, on site and at point of

marufacture We expectecharrative around how such measures are accommodated in the varied
procurement arrangementt be provided.

6.5.1 What we were told key observations:

Companies are approaching assurance of new assets from three directions: destgntarical
standards of the assets, comprehensive commissioning plans and processes, and post project
reviews. Company responses varied greatly in the details and where their emphasis lies but in
general elements of all three areas were evident in all canypapproaches.

There was clear differentiation in how the processes are applied to infrastructure and non
infrastructure assets and details provided were of the systems and approaches and their
implementation rather than specific testing methods for thaious asset types. Few if any mention

the use of technology to assist in the assurance process, either at asset creation or later; for example
in the use of designed and built in diagnostic facilities.

A concern of several companies was the relianceamtractors and the supply chain to carry out
some of the quality control and assurance, particularly on infrastructure assets. In this regard a
number of companies presented early steps on their delivery partner selection and procurement
processes to enga quality management processes were aligned, and expectations of acceptable
guality standards understood from the outset.

6.5.2 Findings and comparison across companies

Significant effort in the assurance of asset performance is in place, the extent and nramriech
this has been described is influenced by the size of the company and the extent to which they
therefore rely on detailed and well documented systems.

Responses have covered not only new assets but also the processes used during subsequent periods
of an assets life; focus has not necessarily been on what can be done differently when creating an
asset to improve the chances of economically attaining its design life.
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There has been no mention of approaches used when rapidly changing technologiespéoges

or short life assets are installed as part of a solution. These areas will however be the subject of
lessons learned as the numerous approaches described for follow up understanding of asset
performance are implemented.

Significant eliance is placed on the delivery partner / contractor / supplier in the partnership
approach to delivery and there is not always evicketihat there is an independent view and

assurance when new assets (in particut@mmplex ones) are put into serviceni§ will place greater
emphasis on the terms and conditions supporting the delivery okfiexificscheme or service and

the risks pertaining to these will be greatly influenced by the maturity of the relationship and the
experience of it with the asseype in question. It is likely to be more of an issue with complex non
infrastructure projects and a common theme was the dynamic and iterative process required for the
creation and delivery of new assets if the desired performance and quality is to levedh

Responses on the general assurance processes
and the success factors for meeting asset health
goals also referred to the benefits of mature and
stable supply chain relationships.

There was evidence of good practice in many of
the company responsesy way of example, .
Thames Water refers to procedures in place with the delivery partne.r /
their Eight20 Alliance that provide details and contractor / supplier in the
assurance of every joint completed and tracking partnership approach to

Significant reliance jdaced on

of quarantined failures. There will be a cost delivery and there is not always
associated with implementing such procedures evident that there is an
and this will be more easily born by the larger independent view and
projects, contracts and alliances. Smaller assurance when new assets (ir

companies with smaller programmes may be at a
disadvantage in this regard, a view supported in
to an extent by the observations by some smaller
companies that thewre reliant to an extent on

the control and assurance processes of the
contractor.

particulatr complex ones) are
put into service.
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Incentives and barriers
7.1 Context

This section of the report focused on examining fagues

1 2KSGKSNJ GKS (sAy RNAOGSNE 2F We¢he¢9-Q FyR W2 dzi

asset healthWe hypothesized that an ovefiocus on the customer experience (as measured
through the outcome delivery incentive, ODI) and a more balanced take ontaperband

capital solutions (encouraged by the TOTEX approach) can lead to a situation where short
term service is maintained at the same time as underlying asset health is deteriorating. Such
a situation would be unsustainable in the long term, as ultetyeasset failures would

overwhelm the ability of the utility to respond in a timely manner and maintain service. This
raises issues of intergenerational equity and whether utilities are properly balancing the
needsof current and future customers

1 Whetherinnovation to support good asset health is hampered by structural or behavioural
issues. It is hypothesised that regulation and poor return on investment disincentives the
uptake of technologies and good practices which would suppatilstand improvingsset
health

And we asked how the TOTEX and outcome based approach affected underlying assets health, and
how the health and resilience of new assets is valued when making investment choices. This allowed
us to examine whether current management practisepport or undermine long term asset health.

We also specifically asked about barriers to innovative approaches, and what Ofwat could do to
overcome these barriers.

7.2 What were we expecting to be told

We expected to be told that a focus on customer sentige right choices around the balance
between operational and capital interventions and #fisksed investment planning do adequately
manage asset health. We expected to hear underlying concerns that current approaches are not
encouraging sufficient infrasicture renewal to prevent the ultimate presence of 1000 year old
sewers$. We expected to hear that eventually increasen investment levels would be necessary
to address an ageing infrastructure asset base

On innovation, we expected to told about thdqting of various technologiebut hear concerns
over the costbenefit of making them businesssusual approaches.

7.3 What were we told?
7.3.1 TOTEX and outcomes

Our findings in relation to TOTEX and outcomes can be summarised as:follows

1 Feedback suggests a geal confidence that the TOTEX and outcomes management
approach does not impaetdverselyon underlying asset health. Companssg/ theyknow
this because they see and predict stable perforecgas experienced by customers

1 However, and simultaneously, itas acknowledged that there is a focus on providing service
to current customers and their stated priorities and preferences are for the short term. It

8 Generally, serviceability (the de facto current asset health measures) are stable at current levels of investment. Hosvieveyal
rates are cited as being indicative of asset lives of many hundreds of years which seems incongruous. The exact réasondor th
known, but it is argued that the impact is depletion of asset health.
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was recognised that thisouldlead to a deteriorating asset base in the longer term and
more volatile @set capability. There was no declared evidence that this was currently the
case and it was accepted that a properly designed planning approach should incorporate
long term aspects

I Some companies highlighted issues around achieving performance commityeamisy-
year or at the end of an AMP being a disincentive for long term investment planning. They
cited a focus on near term rather than long term performance and the tendency for benefit
Oz2aid YSOK2Ra (2 LINRBY23GS WLI G QRokexaPleSdBhLI A NE  NJ
West Water is concerned that the focus on service outcomes with customers tends to
Ay OSy i MR RaYSS WeNBiIiO G A 9SS NBalLkRyasSa NI GKSNI GKIy
the asset base; they and others (e.g. Southern Waterraneerned that under investment
in asset health could result which would increase the financial burden on future generations
as assets deteriorate with time. This contention may merit further delgdtee outcomes
approach is intended to encourage a tpterm and sustainable approach

1 TOTEX and outcomes management based on whole life cost analysis has improved the
uptake of preventative maintenance programs and public campaigns to address sewer
misuse andats, oils and greasé&QG

1 Good, long duration treridg data on asset health is an important asset in itself and
essential to monitor the impact of TOTEXUutcome management approaches

1 A minority of companies recognised the theoretical risk of a TOTEX driven program
becoming overly OPEX biased wittimate consequence for the statutory accounts and a
O2y OSNY | 62dzi NI (A yciang théiracsesid cagitadlb NBall2yasS | FF!

1 We did not geklaborate answers regarding how asset health and resilience are valued
other than that they are not given an mntsic value. They are valued in terms of their costs
and kenefits with respect to service

7.3.2 Innovation barriers
Our findings around innovation barriers can be summarised as

1 Large WASCs generally saw few fundamental barriers towards implementing innovative
methods to manage asset health. Many were piloting new technologies but conversion of
trialstoWo dza-asyiB @z t Q 61 & YAESR

1 Some companies cited that return on investment for innovation was poor and that
incentives were lacking, especially when the bésedf efficiencies were returned to
customers rather than shareholders. Reference was made to innovation incentive schemes
in energy sector as something thafv@t could investigate

1 Longer business planning cystouldgive greater certainty over investj for the future
through more innovative methods. In period OBere said tadiscourage innovation
because of risk of penalties. Thegre saidtcSy 02 dzZN>F IS WTIF ald F2ff 2 6 SNA
genuine innovators because of risk aversion. End of AMPw@ddsthought togive more
time for innovations to bed in or for an alternative strategy to be applied. Some considered
that five-year regulatory business cycles were not suffitieencouraging of innovation

1 Some small companiested an absence of thouse inn@ation resources (on affordability
grounds) and decried a recent drayff in industry knowledge sharing and coltethtion to
spread good practice

1 Many companies indicated their preference for a common asset health / resilience measure
(or measures)o focus attention on this issue and act as a driver for innovation. However,
they disliked proposals that make absolute comparisons between companies disregarding
different legacies and circumstances
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1 The maturity of asset data systems and analytics vaigesss the companies and those
lagging behind saw the imperative of enhancing their approach as a precarseirty
innovative in this area

1 Balancing short term and long term performance is a challenge with the former being
prioritised at the moment. Conmgnieshave reported that theyvould welcome support from
Ofwat to guide how they balance the needs of current and future custoraesthat they
would liketosea NB I G SNJ Sy 3l 3SYSyid FNBY h¥é6ld Ay AYyRdz
/ SYGdzNE 5NI Ayl 338G NYY R yIOEALWSY GWIAYY A Yy F NI & G NHzO
1 Drinking water quality regulations were a perceived barrier to innovative invasive inspection
methods, everthose proven internationally. However, we (CH2M) note tihase
regulations safeguard the public and have been effective in preventing potentially unsuitable
products being used in England and Wales

We can se¢hat there is a possible inconsistency of viasito how a TOTEX and outcomes approach
would impact asst health and innovatio? S 6 St A S @S obje#iveisto éngoarhgé bbth

long term focus and shoterm outperformance, incentivised by appropriate ODIs. However, some
have asserted that these instruments coyild effect, create a more shorterm outlook.

We have no detailed evidence of tlfilaoughthe significance oihferred asset lives of certain long
life infrastructure assets is intriguipngnd were not able to explore these issues in more delfail.
these concerns are material, itimportant that the longterm health and resilience of our
infrastructureis noteroded by shorterm imperatives and thimerits ongoing discussion and
consideration.
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Lessons from international practice

8.1 Introduction

We undertook a horizon scanning exercise to find out what water and sewerage utilities in other
countries are doing differently that the UK water industry might be able to learn from.

To do this, we contacted our asset management, conveyance and manueexperts who

O2ftft SOGA@GSte SylLofSR dza G2 3ISG || OAMgraligand G KS |+ LI
New Zealand, Singapore, Canada and theW& asked our colleagues to consider the following

guestions:

1 Is asset health a concept that isad by your water clients and if so how is it measured and
used? If not, what is used to ensure assets are in suitable condition and will perform
adequately?

1 What tools and technologies are typically used for measuring and managing asset health as a
matter of routine? (inspection, monitoring and control)

1 What state of the art/emerging tools and technologies are you aware of that are being
evaluated by water companies and where?

8.2 Understanding of asset headthd its relationship with
service

Although therewere variations in the regulatory and institutional arrangements between the
RAFFSNEByYy (G O2dzyiNASa ¢S t221SR G ¢S F2dzy R (KS ¢
its linkages to service to be broadly similar, with similar areas of uncertaiigre is no evidence

that water and sewerage companies in other countries are significantly different to the UK in how

they understand and use asset health as a factor in investment plan@itigerwater utility

communities do not appearto be usingdh LIKNJ &S Wl aaS0 KSItGKQ SELX A OA

For examplein the context of infrastructure assetahilst the UK companies talk about asset health
and service, in the U mecompanies talk about theonsequence of failur@COF)and likelihood of
failure LOF), which are combined to quantify rigkvaluation of the LOF for a pipeline includes
consideration of performance, condition, maintenance status, and resili@&waluation of COF for a
pipeline, includes consideration of serviogpact, in addition to environmental consequences,
financial costs, and social impaciBhe resultant risk rating for a pipe asset that accounts for these
categories is used to identify deficient pipes and plan improvements.

LOF is informed by:
9 Inspecton data (condition)
1 Hydraulic mod#ing (performance)
9 Inspection data and work order history analysis (maintenance status)
91 Desktop analysis (resiliency)

COF is informed by:
1 Hydraulic mod#ing (service impact)
1 GIS, and ecological penalty reco(davironmental consequences)
1 GIS, and cost estimating for emergency repairs (financial costs)
1 GIS with attention to critical facilities, roads, and cultural resources (social impacts)
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This is a risk assessment and is not so different to what we wouldcetgpbe being done by UK
companies

In Canada,andition and performance is used to inform the Likelihood of Asset Failklrere
condition typically refers to the physical condition, and performance typicadigrporatesthe
followingfactors:

9 Functioral Condition: Are there design related deficiencies? Is the component deficient
against current policies and standards?

9 Capacity Condition: Are there sizing related deficiencies?

1 Efficiency Performance: Are there efficiency related deficiencies?

1 Safety PHormance: Are there any safety hazards or other deficiencies?

OurUScolleagueprovided the following perspective on nenfrastructure assets:

oFor vertical assets we use ridlhey keyparameterwe look for in asset health is
condition.We developasset type (Pump, motor, MCC, Tank, Valve) criteria to determine
condition.Once the condition is determined, we determine useful remaining life (RWiS.
is key for the CIRcapital investment planningyrocess.Remaining life is done by
subtracting gpercentage of Useful Life based on conditide. Condition 1 (the best
condition) we would say 95% of the original useful life is remain@wndition 2 gets about
80% of original life. 3=50%, 4=25%, 5= 0 to B%&et Health to me is performance and R €

The following condition monitoring tools are used for monitoBICA assets, to manage health
and avoid failure (ref: BF curve, see section5:

Vibration Analysis

Oil Analysis

Ultrasonic Sound Signature

Voltage and amperage balance

Insulationresistance

Motor circuit analysis

Dissolved gas analysis

=A =4 =4 =4 -8 -8 9

We were referred to some state of the art usage of RFID (radio frequency identification devices) that
measure temperature and vibration and report remotely in real time and also the use of these

devices in a waghat that measures each machines pei&  y OS | Y R & (upstie8m Ay F a1l
valve, first pump, migtream valve, second pump, conveyor,.gdic 42 G KF G GKS OGNF Ay A

Defect elimination as a maintenance practice was also ipigteld, but unfortunately we have not
been able to follow up on these techniques and cannot comment further on their potential value.

8.3 'Btate of the Assdieporting

hyS GKAy3 6KAOK &0G22R 2dzi a | LRGSy(GRepoit SEI YLI §
(SoAR) produced by some of the more mature water companies in Australia and New Zealand. These
come in various forms, but tend to provide a highel overview of key asset metrics like:

Average renaining life (% of design life)
Averagecondition iating by asset type
Renewal funding vs demand
Proportion of PM vs CM

= =4 =4 =N
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1 Anumber of reliability metrics (actual vs published MTBF, openat hours vs duty hours,
etc.)

Some report wagr quality data in the SoARswsll, althoughthe link to asset conditioand
performance isnore tenuous for these SoARs are underpinned by regular Asset Condition
Assessments and the manddteegular Asset Realuations. SCADA historian data and other stored
remote sensing data are also integated to populate the metrics.he takeup of SoOARs in orferm

or another is increasing across Australia and New Zeatgrkerally driven bgompanyBoard$€2
requiring greatemunderstanding of how the operational side of the business is trackghe
moment, these documents are generally discrete and tend to provide more detail on the-asset
related areas reported in the Annual Pldmedocuments feed into the budget allocation process to
varying degrees: sometimes through the AMP process, where trackéricexmight support funding
need and other times as a reference at budget estimates time.

8.4 Inspection and monitoring technologies

There do not appear to be any major differences in terms of the inspection technologies commonly
in use for either infrastrucre or norrinfrastructure assets.

A useful summary of technologies and their application potential was provided by our colleagues in
the US. This is a list of techniques used in the US and we note that there are nostaxamples
that are directly aplicablethat have not been used or considered in the UK (Figt2e883-3).

The most commonly used monitoring tool is CCTV, which coulid\e to its relatively low unit

cost as much as the quality or value of the data it provides. Across the coumtrieoked at, there

are a number of examples of innovative emerging technology being piloted to good éffectver,

as in the UK, progress is restricted by itz f dziAf AGASaQ 6dzRISGA FyR 02
limitations of the technology.

USEnvironmental Protection Agency rep&PA/600/RL0/101 (August 201Ddiscusses technologies
that can be used to gather more comprehensive data (than CCTV) on below ground infrastructure.
The report notes that the use of laser, sonar, and electricalrsngto evaluate such features is
established in the US, and that emerging technologies such as impact echo, spectral wave analysis,
and ultrasonic testing are also being explored for application to sewer condition assessment.

In Australia and New Zealardtones are increasingly being used for asset inspection and review

purposes. For example Melbourne Water hidaled the use of drones for inspecting large assets

such as reservoirs and treatmenigpts. The trials found that drongspectiongrovidedhigher

guality, more accurate and usable data, as well improving efficiency and reducinglic@stdition,

Fff RFEGF NBO2NRSR o0& RNRyYyS&a FINB aLlk dAalrfte GF 33aSF
existing GIS. It is worth noting, howevirat Melbourne Water found that clouds and gusty wind

caused problems with the quality of certain types of imaging, which could be an issue in the UK,

where drone usage is gradually on the increase (e.g. Welsh Water commenced a pilot using drones

for assetinspection in 2016).

In the US, the number of nedestructive condition assessment technologies that use

electromagnetic or acoustic fields to measure the level of asset deterioration grows eacMyeér.

of this technology comes from the oil and gasrked and is slowly infiltrating in to the water

businessAlongside the development of devices that generate and read these fipficant

progress has been made in the development of software algorithms that can provide meaningful
interpretation of tis data. Some UK water companies have already made use of this type of
G§SOKy2t238Y Ay FILOGxX ¢KIFIYSa 21 G4SN g2y | t ALISEAYS
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internal ultrasoniccondition assessment tool PipeScan+ in partnership withaid/Morrison
Utilities. UK companies includingnited Utilities, Anglian Water, Thames Water, Severn Trent Water
and South West Watare already investing in research and development in this area.

In Canadand the USone of the emerging technologiestisdzNE ¢ SOKy 2f 23ASaQ { YI NI
detection, which has been used by utilities including the City of Ottowa. SmartBaké a

swimming in-line, leak detection technology designed to operate in live large diameter water mains

This highly sensite acoustic sensor can conduct long surveys on a single deployment, collecting

data about leaks and air pockets, with no disruption to service.

Figure8-1: PureTechnologiesSmartBall

8.5 Big data

There is ioreasing focus inthe USontr@ € f SOGA2Y | YR adéyiKSaira 2F GoA.
available through thgrowing numbeiof smart monitoring devices in use today (automateeters,

acoustic monitors, etc.). Analytics, machine learning, cloud computing, mobile solutions, robotics,

sensors are some of the current hot topics, where technological advancements are opening up new
opportunities for utilities.

This wealth of dat@resents new opportunities toptimise asset management. There are similar

opportunities in the UK, for example as smart metering grows in popularity and level, pressure and
transient monitoring increase§hreY 2 @S (124 NRa WAy (St fghadigedinl 3aSGaQ
the UK. In the case of networks were have heard alpeatrrealtime monitoring of pressure, flows

and levels and pressure transients that inform asset leakage and burst potential. We heard less

about big data and its analysis with respeznon-infrastructure assets so perhaps there is learning

potential from elsewhere and it would be interesting to look at the current state of the art in other

sectors e.goil and gaswhere there is potentially greater risk and cost associated witht disibere

and system downtime.

Making use of data and smart networks is an area for development and potentially the focus for
considerable research and opportunity.

However, it is important to appreciate that as our networks and assets become smadtevearely

more and more on remote sensing and control, the need for cgleeurity and resilience will
increase.
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8.6 Deterioration and failure forecasting

We found little in the way of advanced techniques for deterioration and failure forecabtaigre

not already used or known to our UK water companigse most typical approach found was to

base forecasting on historical failure data, much as the UK companies have historically done. This
approachhas limitations though, in particular for low praitity, high consequence assetsis likely

that in the water industry at least, the UK is leading the field in this area. For exahmldKWIR

NB LIPétdiioraion Rates of Lodfe, Lowt NP o 60 Af AGeé 2F CIFAf dz2NB ! da
probability / high consequence assets in detail, develomaterioration modelsand atoolbox

covering key asset groups and failure mades

8.7 Encouraging innovation

No particular beacons of innovation stood out as an example for UK companies to follow, although
there weresome interesting comparisons and opportunities to share learning. The US appears to be
in a similar position in terms of trialing pipeline inspection technologies.

The UK companiesometimesreferred to the twin factors of cost and risk as barriers to wet@n.
Someof the UK companies also mentioned competition as a barrier to cooperation and knowledge
sharing.This isperhapsmore perceived than real, howevesincethe UK companies have a history

of successful collaborative research through UKWIRny case, ampetition should not be a barrier

to working together for the common interest to understand the basics of asset health.

Byway ofcomparisonthe USWater Environment Research Foundat@ERF3ynthesis report
Yondition Assessment for Wastater Pipelineghotes that in the US:

GLYTF2NXI GAZ2Y | 62dzi O2yRAGAZY | d4aSaayYSyidx NBy
locating technologies; models and tools; best appropriate practices; experience with technologies
(both positive and negative); cost of technologies and availadshelors and contractors exists

within the institutional knowledge of individual utilities, but is often not readily shared or accessible
FTNBY 2dziaARS (KS dziAft Ade oe

Thispresentsa very similar picture to what wieeard from someén the UK.

However, theUK water industry offers a great opportunity to encourage innovation. We have large
utilities, whose private status enables them to make independent decisions aboutaisbanies

have mature alliance and supply chain relationshipis a relativelycloseknit industry facing

common challenges and an established path for single voice R&D (UKWIR). These factors lay the
foundations for a collaborative approach to innovation which would bring down the cost and risk of
research and development for indilkial companies.
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SECTIOS

Pressure Pipe Assessment Tools

Fipe Materid

AANWA

Diameter
Designation  Range (inch}

Azhestos Cement Pipe [ACF) canz 41035 Emerging Establizshed Emerging Establizhed Established Established Establizhed Establizhed
Conorete Pressune Pipe, Steel Oyinder, Bar Wrapped C305 Bvig 12to &0 Estabfizhed Established Estabfizhed Established Establizshed Established Establizhed Establizhed
Exstablizhed for
C150, C1s3E M1 Atosd Establizhed Established Established Establizhed Established Established  Established non cement Establizhed Established Establizhed Establizhed
) ; meortar lined
Ductile Inon Pipe (DIP)
Established for
C150-C151 Atos Estabfizhed Established Establizhed Estabfizhed Establizhed Established Established noncement Establizhed Establzhed Establizhed Estzbizhed
Cast Inon Ripe [CIR) martar lined
Fibergl sz Reinforced Pipe [FRP) 850 B hAS 110158 Emerging Establizhed Establizhed Establizhed
High Density Pol yethy ene Fipe (HDPE] 506 B M55 41054 Emerging Estabizhed
Polyvinyl Chioride Pi PV C Co05EM23  1todE Emerg Estabfizhed
Ll pe gng
Prestressed Concrete Cyiinder Fipe [PCCF) C30L, CIMEMS | 24t0252 | Established Establizhed Emerging Establiched Estabiizhed Establizhed Exstablished Emerging Establiched | Established Establizhed
Reinfored Conorete Cylinder Pipe [RCCP) C300 & no 30to 144 Established Established Emerging Establizhed Established Establizhed Established Establizhed Established Establizhed
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Figure8-2: Overview of pressure pipe assessment tools used in the US (internal source)
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Figure8-3: Overview ofjravity pipe assessment tools used in the US (internal source)
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Discussion ancbnclusions

There werea number okey areapertaining to asset healtthat we have exploredthrough our
interviews with the companies. In odiscussion andonclusions belowe have drawn on the
responses provided by the companies and our wider knovdexfghe sector.

9.1 Understanding asset health
9.1.1 What doessset healtmean?

The responses to our questionnaire provided valuable insight into prevailing concepts of asset health
beingused inthe watercompaniesf England and Wale3hese responses helpedwsderstand in

what ways companies are working to develop their measurement and management of asset health.
We heard that eme are focussing otie specific asset groups (e.g. wastater systems) that they
consider need to be understood bettewhilstothers are focussing on those assets that, if they

failed, wouldimpact significantly otthe risk of service failure.

What we were told about was more nuanced than what we expected to beftmiéxample

1. althoughmanycompanies infer the health of their assets from serviceability and reliability
AYRAOFIG2NARX (GKSAS &@Rhictodo hot fEcRs explicitly=a theghditon A Y RA O |
of assetycanmake it difficult for companies to make prdae assetmanagemat decisions

P - -

2. someO2 YL} yASEa I NB GKSNBF2NBf2223%¥89 ARUVRROUE 2 RE.
more focussed on the actual condition of assetsjl t a2 GF 1S Ayid2 | 002dzy/i
their contribution to the resilience of water and wasteter services within which they
function, in order to make decisioisK I G I NB ¥i22NB| MWF2WND | NR

However, KSNBX A& ONRBI R F3aINBSYSyid IONR&aa O2YLI yAasSa (K
GKFY WFaasSia 02y R idniidyioRonbitlye pliysidal Staté of theyass@&R also i 2

the performanceyole and importance of the assét ensuring that service performance targets and

customer expectations can be met.

We could not distil a definitive definition of asset health out of this comas$ioih and review; there is
currently debate and diversity of vievlthough there is no consistent working definition of asset

health across all companies, most companies associate good asset health with achieving good levels
of service anabservedperformance that compares well with expected performance. This general

view held by most companies is that good, stable, measured performance is a strong indicator of
good asset health and conversely, that inadequate or declining performance may indicate getor as
health.

9.1.2 Asset health and resilience

Asset health is difficult to defindyut it isrecognised that asset health is part of the widenceptof
resiliencew SAAf ASYyOS A& OdzaNNByidufeé RSFAYSR o0h¥Fgl GQa wS.
Decemiger 2015) in the UK water sector as:

Xthe ability to cope with, and recover from, disruption, and anticipate trends and variability

in order to maintain services for people and protect the natural environment now and in the

future
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The characteristics ofsaets and asset systems that determine resilience have been defined by the
Cabinet OfficéKeeping the Country Runnir@)11)as:

1 Reliability

1 Resistance

1 Redundancy

1 Response and Recovery

We canpotentiallymake a distinction between asset healthf@action of asset reliability and
resistanc®) and the other elements of resilience (which also includes system configuration,
redundancy and response/recovery dimensions).

It may be helpful to consider that the purpose of the asset base is to delivetetieed/required
level of service to customers and the environment. This will be determined by consideration of:

1. The state of the assets
2. The way they are configured
3. The way they are operated

In combination, these factors will determine the resilience of/E@s and we can consider issues

I NRPdzy R GKS adalraS 2% GKS FaaSdia G2 0SS AaadsSa 27
optimised for specific situations and this requires an appreciation of their relative costs and benefits

and synergies.

Severatompany responses indicate a need for greater clarity in understanding exactly how asset
health influences asset resilience and systems resilience.

9.1.3 Benefits of the current measures

There is currently widespread use of the original (and variants of) Gevaiceability indicators as a

surrogate or proxy indicator of asset health. Most companies are satisfied with the use of these
serviceability measures &gadlineindicators of asset healtand as a MoSn addition,these are

variants of long establishgshrameters and companies continue to collect data in a consistent way,

there are certain benefits of retaining these measures:

G¢KS AINBlLIGSad oSYySTFAG 2F (GKS OdzNNByid YSFadaNBa 27
some time, providingdza S¥dzZf RIGFaSd F2NJ NBYR lyrfeara 2F |

9.1.4 What would a good measure look like?

Answering this question requires some clarification of the definition of asset health. We could
assume that asset health is a measure otasailure probability (rather than service failure
probability) associated with the state of the asset and typical operating conditions. In this case, the
significance of asset health can be influenced by a range of factors that may mitigate the effect of
the asset failure on service e.g. operational response, redundancy.

Asset health ishereforelikely to be very important in somiastances and less so in others, so it
essential to understand asset failure modes (how an asset can fail) and effedis §dets) so that
investment in asset health measurement and monitorizugg development of appropriate
indicators, can be determined.

In terms of developing a good measuwe can speculate that improvements would be more
forward looking, predictive meases. Energingideasfor effectiveasset healtrmeasuresn the

water sector includeombining datae.g: on the physical condition of assets; the environmental and
weather conditions to which the asset is exposed and the operating conditions within wieich th

CH2M 66



asset is expected to function. This would potentially be more balanced and predidtese data

KFIdS I ¥20dza 2y AYRAQGARAZ f | 43aSdellQ 2@ S GAT 21Fa & &G
and can be combined with information on their créiity, the resilience of the network or system

and the overall performance of these systems.

@ FLILX @Ay3a REGE FyFrfedgaodazr aidlriAraaadrt FylFfea
displays, companies are also exploring wafyistegrating? i-R 2y Q | yEzLIB0 2 ¥ F2 XX |
in order better to infer how healthy their assets are. Some are combining these strands of

information into indicators that are thensed(via a form of scorecard) to create an index of asset

health.

A 3
A2

We also heardhat some companies are concerned that using serviceability derived measures has
conflated the issues @fsset health and their performande providing a good service to customers.
In this context, asset health is more of an asset centric concepthe ghysical state of the asset,

and these companies feel that asset focussed indicators may need more prominence.

It is possible tanaintainan adequate level of service to customers even though individual assets are
in poor health(a poor physical stateyhen redundancy and spare capacity within networks and
systemsand operational responsivenesan compensate for inadequate asset healis.a result,
companies are looking closely at resilience and the role of asset health in this context.

It is also recogsid that asset performance is a lag indicagtine failure event has occurred.
Understanding the state of the asset before failure can be used as a lead indicator, which may help
to avoid significant repair costs and undesirable consequences if theiasssvice critical.

Decisions to gather such data need to take account the potential costs and benefits of doing so.

In response to this concern, some companies are developing and testing new definitions for asset
health. These developments are initialtyernal to the company and are intended to shadow
serviceability and reliability measures during PR19. It is too early to say if these will be significantly
better that the current measures, but we can say that more forward looking measures (lead
indicators) should be of additional value. However, we also note that companies are already using
deterioration model outputs and trend data as part of their business planning approach

Ly O2yOfdzaAazys GKS GSN)Y fyand &ied KitBin thelUK RateK | & & S0
sector. There is probably not a single measure that works well for all assets in all circumstances.

There is potential merit is looking to develop improved lead indicators and a basket of indicators,

which can be tailored for differd@rassets and different levels of criticality of the assets.

9.2 Measuring and monitoring the health of our assets

2SS gFryUiSR (2 FAYR 2dzi ¢KIG WRSGFAESR €S@StQ RIGI
health and inform the headline serviceability typeasures. We also wanted to understand if good

use was being made of technology.

9.2.1 Data

Water companies collect and store and analyse data that supports their understanding of asset
health and service. This can be the same data that is used for reportitmgpioMoS, but resolved to
a greater level of resolution and it can be additional data about the condition of the assets, their
performance, location and operating environment.

Companies generally felt that the information they already collect is suffiléemanaging risk to
service, although there was some acknowledgement that there are some uncertainties in data
records, which can include information on location of buried assets.

We agree that on balance that the companies appear to have investegnoving data (confidence
grades are typically assigned to asset register data and efficient processes have been developed for
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updating records) and recognise the benefits of good data; however, ongoing efforts need to be
made, in particular, with respecbtthe critical, high consequence of failure assets.

Infrastructure asset data

Typically, bursts, leaks, water quality, collapses and blockages are recorded and resolved to
individual pipes. GIS is used extensively to visualise the data.

Flow, pressure angurge are being recorded more extensively and in real time, to help understand
network dynamics and potential risk.

Condition, based on CCTYV inspection, is used to support understanding of the health of sewer pipes.
Norrinfrastructure asset data

Maintenance activity (particularly reactive and repeat events), is used to help understand asset risks.
Monitoring of asset health using, for example, vibration, acoustic and thermographic sensors
appears to be relatively well established, albeit with sanmiged feelings regarding effectiveness.

We believe that as systems improve for recording maintenance event data that it will be possible to
develop more effective and optimised maintenance plans for these assets.

Asset conditiondata

In the past, visual aalition grading was used to inform capital maintenance niechon
infrastructure assetand this has been challenged on the grounds that this is not a risk based
measure. Therefore, if condition data is used, there needs to be evidence that it is ingaxador
of asset failure probability and service impact.

Due to the inappropriate use of some condition information in the past (primarily visual assessment
data) and the desire to move to a riblased approach, companies are no longer collecting asset
condition data for all assets on a systematic basis.

We agree that condition data is not necessarily a good indicator of asset performance or failure
probability, but it is of value where it can be shown that it does correlate well and is the only viable
indicator (this point is made in the context of being able to link condition to service risk).

9.2.2 Technology

In general, the water companies told us that they support the use of new technologies for
inspection, monitoring and control of their assets. Thereenbeenseveralresearch projects in the

past that have sought to appraise and develop technologies (particularly for pipeline inspection) and
organisations such as UKWIR and WRc have previously undertaken work on behalf of the sector.

There are exampled @advanced technologies being applied, but companies were quick to point out
that the costs and benefits are a key consideration.

There is considerable interest in technology doHecting andprocessing data and the topics of big
data and analytics wemaised frequently. Some companies are progressing rapidly in exploration of
analysis and visualisation to@sn important enabler being the ability to mine data from their asset
information systems.

We were a little concerned to hear that some considetiegl 5 year planning cycle to be a potential
barrier to innovation, in the belief that it meant that investment returns need to be recouped in the
5 year period and this does not encourage taking a risk on new technology. This viewpoint requires
further understanding, consideration and resolution.

Note:ili A& AYLERNIUIYyGOG GKIG Ef G§SOKY2resistébel YR Ayy2 0l
evaluatedand appraised in terms of the costs and benefits that it provides and that we do not
advocate any specifiokitions.

CH2M 68



9.3 Asset healtrand decision making

The purpose of the questions on decision making was to better understand the how asset health is
used to influence and support expenditure decision making.

9.3.1 Linking asset health asdrvice

All companies appreciate the linkages between asset health, service and expenditure and recognise
that in certain cases they can be difficult to quantify due to the effect of factors such as the
environment and norasset health related resilience.

Compangés develop a framework of indicators and measures that enables forecasting of outcomes
and estimation of the costs and benefits of expenditure. These framevigpksally includea set of
service measures that can be monetized (typically based on cust@search) and hence used to
appraise the costs and benefits of expenditure. €aemation ofprobability and consequence of
failureis used to determineisk to service.

All the water companies use a framework such as this and nearly all use speciatthient

planning tools to predict asset performance, service and the effects of investment on risk. These
tools are used to estimate the costs and benefits of expenditure and to prioritise and optimise the
plan based on risk reduction and value.

From thereview activitiesit was evident that some of the strongestusalinks between asset

health and servicean bemade where asset failure data is plentiful, suchasvater distribution
infrastructurebursts and leaks and the impact onerruptions. In these instances, the cause and

effects are relatively well researched and understood ama$tO2 Y LI Yy A S4 RSAaONAROGSR WY
continually improving infrastructure deterioration models where they are able to validate forecasts

by comparing observed andqwicted data.

There was general agreement that creating the link between asset health and service in non
infrastructure investment models was more difficult, because these asset systems usually include
standby and redundancy, which makes the link betwasset failure and service more difficult to
guantify. Companies described tools and techniques like FMEA (failure modes and effects analysis)
and RCA (root cause analysis) being used to support the modelling activities.

All companies recognised the negit 6 SG G0 SNJ dzy RSNE Gl YR GKS NREtS 27F
service. Companies recognised the benefit of understanding and planning for risk at a system level.

As mentioned, at least one company is actively engaged in a programme of work to qugsidhm s

resilience using models that can simulate conveyance, asset reliability, system control and resilience
hazards underpinned by a 4Rs type assessment.

All companies articulated the view that asset health and resilience are related; most see asdet healt

as a component of resilience. Service risk assessment needs to consider operational and system

resilience as well as asset health. One or two companies indicated that they are exploring the

possibility of identifying whether there is an economic levekesilience and whether this could be

guantified in a similar way to an economic level of service. One company that was developing
GKAY1AYy3 f2y3 GKS&aS tAySa ARSYUGAFASR (GKS ySSR
asset system and one whitlas builtin resilience. To do this they recognised the need to have good
granularity in direct and indirect cost of consequence models.

It is noted that if the system is inherently resilient (due, for example, to spare capacity, alternative
routing optiors in networks) the consequences associated with the failure of an unhealthy individual
asset may be mitigated.

In summary, he ability of companies to predict asset health impact on service will vary depending
on:
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The precise measures of asset health beiggd;

The level of resilience (ability to mitigate failure consequences through operational
or other means); and

1 The availability of data to build the models.

The companies generally recognise that an increased knowledge of intrinsic asset healtlpwill hel
ensure long term reliability and build linkages between asset health, deterioration and failure, based
on statistical analysis for below ground assets andbaged discussions on above ground assets.

9.3.2 The tools foriking asset health, service and risk

There are a number of tools and approaches that companies use to link asset health, service and
risk. We have already described event tree, fault tree and failure mode and effects type tools for
mapping the linkages. There are other approaches that gfiarglationships and target investment,
and a framework that provides an integrated structure for4isised planning.

As mentioned previously, monetization of service measures is used to quantify the risk.
Asset performance scorecardsd GIS

Virtually all the companies reported that they use scorecards/dashbaard<s130 monitor asset
performance and service to customers. As part of this approach, different perspectives are used
(strategic, tactical and operational) to help ensure apprdgriavestment to keep service risk at
appropriate levels.

It was very apparent that companiese continuing to develop dashboards trackasset health,
performance, service and outcome data to manage service delivery. These dashdneatyjsically

linked to corporate data systems and create important lines of sight through the bussoese
companies descriltkthe role of asset health data in this waj/e saw extensive use of asset health

to support planning in near and retine, short term, mediumérm and longer term. All companies
described activities to improve, consolidate, and create consistent asset health data and maintain a
single version that could be served to corporate applications such as dashboards.

Deterioration modelsand consequence models

Deterioration models, observed data and expert elicitation are used to determine failure probability

and link this to likelihood of loss of service. Consequences of failure are estimated using hydraulic

models, flood models, obseriians and estimations and Service Measures and KPIs are used to

value service. Expenditure is optimised to balance risk, cost and service and derive maximum value

08 dzAAY3 Iy WAYGSAINIGSR FaaSd YIylFrasSySyidqQ G221 A

The Expenditure Planning Framework (them&ommon Framework), asset health and resilience

The water companies in England and Wales use #as&d planning framework to develop their
business plan.

We believe the Framework is a very positive tool and helps provide a solid foundation and common
language for asset management. We consider that the Framework is consistent with (and exceeds)
the expectations for riskased planning as laid out in ISO 55000. Furthermore, it is not prescriptive

in terms of the tools and techniques that companies shaadpt and it encourages companies to

have a forwardooking and integrated approach. The rsksed approach, in our opinion, provides a
basis for companies to evaluate resilience and asset health; understand how these factors influence
service outcomesat customers and the environment and provide the ground rules for developing a
compelling business case, based on an understanding of cost, risk and service now and in the future.
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9.3.3 Using asset health to inform expenditure

Linking health to service and sewito expenditure is done using the service measure framework,
which has already been discussé&tie relationships between asset health, performance and service
are typically established at a general level using expert understanding and statistical afalgses

For planning purposes, companies use optimisation tools to estimate the costs and benefits and
prioritise expenditure.

When the plan is being delivered, and at tbeal asset level, the actual performance may differ to
the predicted and when theompanies target their investment it is typical to examine asset specific
data to inform the expenditure planning/response. To this end, for infrastructure assets, all of the
companies can use their GIS systems to resolve infrastructure failures ang evéme pipe level,
cohort level and zonal level.

Increasingly, notinfrastructure data can be mined at the asset component level and this informs
failure investigation and understanding of typical asset life and can support the optimisation of the
maintenance regime.There could be major opportunitiés this area

Reference was made to the collection of post event information and a logging of not only the
characteristics of the failure, but also the associated consequence. There was a lot less emphasis
guantifying the consequences associated with above ground asset failure.

In our experience, more work needs to be done to demonstrate the effectiveness of the expenditure
programme in terms of service measure improvements and risk reduction andatiaisikdould be
used to validate and calibrate the planning tool model assumptions.

Another important issue that arose was how best to optimise the balance of operational resilience
and asset health. The concept of an economic level of resilience was aaidedk believe this is

about achieving the most cost beneficial balance of resistance, reliability, redundancy and
response/recovery, where the resistance and reliability dimensions define asset health and the
redundancy, response/recovery dimensions reltd operational and configurational resilience.

9.3.4 Criticality

The concept o O NA (wadxdlofed witRall companies. From the discussion it was evident that

standard definitions are not being used across the industry, perhaps with the exception of

wastewater networkss K SNBE G SNX¥YAy2f 238 FTNRY 2w0Qa {wa R2O0dzySs
sewers

Most talked about criticality in terms of essential assets that have a high consequence of failure.

All companies described the use of criticality indstment planning. These use included prioritising

monitoring and inspection activates, specifying equipment (e.g. in built vibration monitoring on the

most critical pumps), defining response plans and prioritising assets within investment models. Most

comg- yASa AYRAOFGSR GKFG F YSIF&adz2NBE 2F WONRGAOK T AL
systems against specific assets, e.g. at pipe l&hel.unit measures of criticality can vary by asset

group, which suggests that creasset group comparisons cdube problematic.

Oneofourd2 Yy OSNYy & Ay GSN¥a 2F (GKS Odz2NNByld WwWaSNBAOSIK G
asset health is that of highly critical (high consequence) assets that Haweoa non-existent failure

history. There maybe critical, igh consequence of failure assets, such as major trunk mains, where
companies are not fully aware of the state of these assets and hence the risk of failure. It was not so
evident from responses as to the level of confidence that companies have thaéfariability of

the critical assets is fully understood.

CH2M 71






























































































































