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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such-patent rightg
patent rights identified during the development of the document will.bée“in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the meaning of [SO specific terms and expressions related to conformity 3
vell as information about ISO’s adherence to the World,Trade Organization (WTO) princ
hnical Barriers to Trade (TBT) see the following URL; www.iso.org/iso/foreword.html.
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Introduction

This document is written within the overall concept of management of assets which is an activity all
organizations undertake in some manner and to some degree. It focuses on the details of managing
the physical assets at the operational level rather than the organizational (corporate management,
structural or process) level.

Drinking water utilities are reliant on their assets to deliver their services to the resident populations
in their jurisdictions. The assets (underground pipes, reservoirs, storage tanks, treatment plants, etc.)
collectively form the physical infrastructure of the drinking water utilities and are the consequence of

the accumyilated capital investments and operational expenditures on maintenance and rehabiljta

over many
amount to
The infrast
to public h

In many ¢
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assets, drinking water utilities undertake programmes of activities to manage:the assets to ensure t
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infrastruct
maintaine

programm(fe
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Consequenitly, networks)are subject not only to ageing as well as wear and tear but also to adapta
resulting fiem growth, new legislative requirements, or changing customer service 1
hs. Thisstequires drinking water utilities not only to focus on maintenance and rehabilita

processes
expectatio

years. In many of these utilities, the replacement value of these past investments
many millions (even billions) of US dollars depending on the size of the community-’ser
ructure represents therefore a major societal investment in essential services/eontribu
palth and the protection of the environment.

puntries, these assets have been identified as critical infrastructures,«and program
e to assure their protection or their sustainability. Like many other, organizations hay

an be at the strategic, tactical or operational level. The activibies can be part of a for]
nt system, the result of specific legislative requirements, or-simply the result of due diligg
ice operators and managers.

hent can serve as a supporting document for utilities.operating an asset management sys
of whether the utilities make use of any management system standard (e.g. ISO 55001).

ountries, there is a recognized sustainability problem, sometimes referred to as
ure gap, which recognizes that for varidus reasons, the infrastructure has not b
over the years on a truly sustainable basis; i.e. funding and implementation of rehabilita
s have been postponed, with a focus instead on short-term repairs or an allowed decrg
of service provided.

ion of water infrastructures greatly influences the adequacy of the water service fi

hts with a focus on a holistic approach of condition-based, risk-oriented maintenance.

tallation and development of water assets mature, the optimization of networks
cessary in many-places in order to respond to changing societal and economic conditi

but also tg
essential i
of rehabili

) keep.future requirements and developments in mind. Rehabilitation will thus bec
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quality, quantity, pressure, safety, reliability, environmental impact, degree of treatnfent
and econdmic efficiency. System €ohdition-based rehabilitation approaches serve to meet t}
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DNS.
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rehabilitation).

In recent years, much effort has been applied to the whole issue of management of assets on two levels:
— What are the principles and structure of an asset management system?

— What are the good practices that can be implemented on a technical level to assess the condition of
the assets and help decide when asset interventions (repair, renovation or replacement) take place?

This document describes the information required and how to collect and process reliable inventory,
condition, operational and context data about drinking water systems. Condition data for the
underground water infrastructure notably include data on failure. These data serve mainly as a basis
for systematic maintenance and can also contribute data needed for benchmarking.
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Reliable failure statistics and the database description of the condition are of particular significance for

establishing investigation, maintenance and rehabilitation priorities.

This document also provides guidance on how to define a strategy on management of assets with
regard to the overall performance expected by the drinking water utility and other stakeholders. It
includes several aspects of the operation and maintenance, including asset condition assessment and

investment strategies (new assets and rehabilitation).

The approaches offered in this document are intended to be universally applicable, regardless of the

structure of a given water system.

Thgusualand expected goal of the effective management o1 assets 15 to provide an approprj
life while fulfilling given requirements in a cost-effective manner.

This document is intended to provide guidance on the assets typically owned or operated &
water utilities (networked drinking water systems) that are expected to meet customer
expectations over longer (multi-generational) periods.

Additional information on objectives of management of assets is provided in Annex A. Info
the[assessment of typical service life and age-based failure rates of pipes is shown in Annex
baskd prioritization of pipe rehabilitation in Annex C.

ate service

y drinking
needs and

Ffmation on
B and risk-
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Guidelines for the management of assets of water supply
and wastewater systems —

Part 1:
Drinking water distribution networks

1
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Scope

5 document specifies guidelines for technical aspects, tools and good practices for the m
5sets of drinking water networks to maintain value from existing assets.

5 document does not apply to the management of assets of waterworks;(including catg

em and can influence the management of assets of the pipe netwerk:

E1 Thedrinking water network is taken to include both pressurized and non-pressurized (i.e
surface flow) conduits and accessories such as valves and control’er metering equipment.

E2 The management of assets of drinking water pumping stations and storage in the nety
ided in another part of the [SO 24516 series.

5 document focuses on the assets typically owned©Or operated by drinking water utilities

prational) periods.

5 document includes examples for ‘geod practice approaches on the strategic, ta
rational levels.

5 document is applicable to all types and sizes of organization and/or utilities operatin
r systems, and all different tolés/functions for the management of assets within a utilit)

E3 Depending on thesize and structure of an organization, the utility can decide to what exte
buidance in this docdment, but in any case, the philosophy of this document remains applicable
ium utilities.

Normative references

re are;io normative references in this document.

Anagement

hment and

tment, pumping and storage in the network), which are also physically part of the drinking water

. containing

bork will be

networked
ger (multi-

ctical and

g drinking
[ (e.g. asset

nt it applies
o small and

3

For

Terms and definitions

the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at http://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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31
asset

capital-forming goods used for the provision of the service

Note 1 to entry: Assets can be tangible or intangible. Examples of tangible assets are: land, buildings, pipes, wells,

tanks, treat

ment plants, equipment, hardware. Examples of intangible assets are: software, databases.

Note 2 to entry: Contrary to consumables, assets can be depreciated in accounting systems.

[SOURCE: 1

3.2

asset man
processes
disposal of
life-cycle

[SOURCE: I

3.3
asset syst
set of asset

[SOURCE: ]

3.4
asset type
grouping o

Note 1 to e
intangible 4
(ICT) assets

SO 24510:2007, 2.4]

Ligement
Fhat enable a water utility to direct, control and optimize the provision, maintenance
infrastructure assets, including the necessary costs for specified performances, over t

SO 24510:2007, 2.5]
PIm

5 (3.1) that interact or are interrelated

SO 55000:2014, 3.2.5]

[ assets (3.1) having common characteristics that distinguish those assets as a group or c

ntry: Examples of asset types include, but are net limited to, physical assets, information as
ssets, critical assets, enabling assets, linear -assets, information and communications techno
, infrastructure assets, moveable assets, etc.

Note 2 to eftry: Examples of physical asset types ini-the water sector are pipes, valves, pumps or filters of

same class, foating, year of manufacture, producer:or the ageing process.
[SOURCE: IISO 55000:2014, 3.2.6]

3.5

failure

local inadmissible impairment-ofthe operability of an asset of a drinking water or wastewater syst¢

3.6
failure dat
data descr
of a drinki

3.7

failure rate

a
bing the characteristics of the failure (3.5) caused at a certain point in time on a certain a
g water.or wastewater system

and
heir

[ass

ets,
ogy

the

E11

set

number of failures (3.5) per unit

Note 1 to entry: In the case of pipelines, expressed per kilometre per year.

Note 2 to entry: For drinking water networks, in the case of connections and valves, expressed per thousand

per year.

3.8

inspection
identifying the actual status of an asset or asset system

© ISO 2016 - All rights reserved
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3.9
investigation
gathering of all information necessary for a decision making process

Note 1 to entry: This includes both qualitative and quantitative information.
[SOURCE: EN 15898:2011, modified]

3.10

level of service

service to users which reflects social and economic goals of the community safety, customer satisfaction,
qualitty, qUantity, capacity, Teifability, TeSponsIvVeness, environmental acceptabiiity, costand pvailability

Note 1 to entry: A defined level of service can include any combination of the aforementioned parameters deemed
impprtant by the asset owner, users or relevant stakeholders.

3.11
life|cycle cost
totdl cost of an asset (3.1) throughout its service life, including plaihing, design, copstruction,
acqpisition, operation, maintenance, rehabilitation and disposal costs

3.12
majntenance
conjbination of all technical, administrative and managerialsactions during the life cycle pf an asset
intgnded to retain it in, or restore it to, a state in which it cafip€rform the required function

[SOPRCE: ISO 24510:2007, 2.19]

3.18
mahagement of assets
operation, maintenance and rehabilitation of\assets of water supply and wastewater syptems as a
fungtional activity

Not¢ 1 to entry: This encompasses all necessary activities for sustainable operation and mainterjance of the
assdts in drinking water and wastewater systems.

3.14
opdration(s)
action(s) taken in the course of normal functioning of drinking water or wastewater systems

EXAMPLE Monitorifigyand regulation or diversion of drinking water or wastewater.
[SOPURCE: EN 752:2015, modified]

3.15
opdrational'plan
documerited collection of procedures and information that is developed, compiled and majntained in
reafliness for the conduct of operations

3.16
performance indicator
metric or measure by which the achievement of an objective can be assessed

[SOURCE: ISO 19440:2007, 3.1.62]

3.17

rehabilitation

measures for restoring or upgrading the performance of existing asset systems, including renovation,
repair and replacement

[SOURCE: EN 16323:2014, modified]

© IS0 2016 - All rights reserved 3
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3.18

rehabilitat

ion rate

percentage of entire inventory which is rehabilitated or to be rehabilitated on an annual basis

3.19
service

result of a process

Note 1 to entry: Adapted from the definition of “product” in ISO 9000:2005.

Note 2 to entry: Services are one of the four generic categories of products with software, hardware and process

materials. N
productis t

Note 3 to ey
provider of
intangible. |

activity
activity
deliver
creatio

Note 4 to en|
the subject

wastewater
public trang
drinking w
synonymou
applies.

[SOURCE: ]

3.20
service liff

period of time after installation duringwhich an asset or an asset system meets or exceeds the techn

requireme

[SOURCE: EN 15978:2011, modifiéd]

3.21

strategic plan

plan contal

Note 1 to ¢
identify ma

ongoing changes of an organization.

3.22
tactical pl

famy products COMpPTiSE elements betonging to differemnt generic product Tategories. WiTether
hen called “service” depends on the dominant element.

try: Service is the result of at least one activity necessarily performed at the interface betweer
the service and, in the first place, its user and, in the second place, a stakeholder. Service is genet
rovision of a service can involve for example the following:

r performed on a tangible product supplied by the user, e.g. wastewater,

r performed on an intangible product coming from the user, e.g. processing.néw connection requg
y of an intangible product, e.g. delivery of information,

h of ambience for the user, e.g. reception offices.

kry: The word “service” in common English can also refer to.the‘entity providing the actions relatg
n question, as is implicit in such phrases as “bus service”¢police service”, “fire service” and “watg
service”. In this context and usage, “service” implies the entity that is delivering the service, e.g.
port of passengers”, “the provision of public security.“fire protection and response”, and “delive]
ter or collecting wastewater”. If “service” can beunderstood in this way, “water service” beco
5 with “water utility”; hence in this document,-iverder to avoid confusion, only the definition in

SO 24510:2007, 2.44]

a)

-

nts and functional requirements

ning the long-term goals and strategies of an organization

ntry:Strategic plans have a strong external focus, cover major portions of the organization
or.targets, actions and resource allocations relating to the long-term survival, value and adoptid

the

the
ally

sts,

dto
ror
‘the
ring
mes
3.19

ical

and
n to

an

prioritization in the medium term on the basis of influencing factors/indicators on performance, costs,

able

risk and failure probability and scale of failure, including general determination

EXAMPLE1 Indicators of damage probability can be age, usage and damage.

EXAMPLE 2  Indicators for the magnitude of failures can be hydraulic importance and wvulner
infrastructures.

EXAMPLE 3  General determinations can be technology of rehabilitation and material.
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4.1

4.1.

ISO 24516-1:2016(E)

Principles aspects of the management of assets
Objectives and requirements

1 Objectives

According to ISO 24510 and ISO 24512, the objectives of drinking water utilities are the following:

protection of public health;

Dri
Sys
objé
faci

The
agr
attg

For
Any

4.1
Ino

Fun
pre
sho
Sys

Fun
and
aut
risK

Eac

TTEEtiTg USers Teasuabte reets amdexpectationrs;
providing services under usual and emergency situations;
promoting the sustainability of the drinking water utility;
promoting sustainable development of the community;
protection of the environment.

hking water utilities, in undertaking management of asset, should’aim to manage the
ematically and efficiently in order to sustain their functien; through establishme

objective of the management of assets is to ensure.that the drinking water utility con
bed sustainable levels of service, while also meeting economic performance objectiv
ining the least possible overall life cycle cost.

further information on objectives of management of assets for drinking water net
ex A.

2 Functional requirements
rder to achieve the objectives, functional requirements should be established.

ctional requirements coyer: the drinking water network, together with pumping in

1ld be considered in(respect of the whole system to ensure that additions or modificat
em do not result in-failure to meet the target.

ctional requirements should be established that, while taking into account sustainable dg
whole life-Costs including indirect costs (e.g. traffic congestion, military aid provid
horities){ensure that drinking water networks do not cause unacceptable environmentd
to public health, or risk to personnel working therein.

ir facilities
nt of clear

ctives, based on assessment and forecasting of the conditidn of their often extensive and complex
lities.

plies with
es such as

works, see

stallations,

ssure control devices, reservoirs, waterworks and other components. The functional requirements

ions to the

velopment
ed by civil
| nuisance,

hdunctional requirement can relate to more than one objective. An indication of the r

blevance of

eac

of the functionat TeqUiTements 1 achieving the objectives 1S Sow i 1abte 1.
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Table 1 — Relationship between objectives and functional requirements

Functional Objectives
require- Protec- Meeting |Occupation- | Providing | Promoting | Promoting | Protection
ments tion of users’ al health services | the sustain- | sustainable | of the envi-
public | reasonable | and safety under ability of develop- ronment
health | needsand usual and |the drinking | ment of the
and safety| expecta- emergen- | water utility | community
tions cy situa-
tions
Ensuring
the drinking XXX XXX XX XX XX XX XX
water quality
Continuity pf | yyy XXX — XXX XXX XXX X
supply
Ensuring
adequate XXX XXX X XX XX — X
pressure
Maintaina- XX X XXX XX XX XX XX
bility
Providing
SEIVICE UNGer | yxx XXX X XXX XXX — XXX
emergency
situations
Sustainabiliity
of product{ — XX — XX XXX — XX
and materipls
Sustainablg L X . XX XXX . XX
use of energy
Long desigh X XX X XX XXX — XXX
life of assets
Minimizing of XX X " X XXX . XXX
leakages
Prgventlon of XX X X X X . X
noise
Not endan-
gering adjat
cent struc- XX X XX X XX — X
tures and
environmept
NOTE Th¢ number ofX'indicates the relevance of the requirement in achieving the objectives.
4.1.3 Pefformance requirements
In order toevatuate the performance of the NetWork and to allow development of design standards,

measurable performance requirements should be determined from each functional requirement.

For each functional requirement, there can be legal requirements, public expectations and financial
constraints which will influence the performance requirements.

For each aspect of performance, different levels can be required, for example:
a) trigger levels which justify early upgrading action according to priority;

b) target levels to aim for in upgrading, which should be equal to the requirements for new
construction, but which sometimes can only be achievable or necessary in the longer term.

6 © IS0 2016 - All rights reserved
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Performance requirements should be reviewed periodically and updated, if necessary. The performance
requirements for the network should be updated after major extension, maintenance or rehabilitation.

In principle, the performance requirements for a rehabilitated network should be the same as those for
a new network.

Performance indicators are an essential tool in understanding a utility’s infrastructure conditions
and needs and, in parallel, enable indicator-supported infrastructure planning and decision making.
Properly implemented, indicators provide information on the condition of the assets and the level of
their contribution to the achievement of the utility’s objectives.

Per
mal
leve
ind

4.2

4.2

Ad
ory

Mamagement of assets should take into account

Thd
the

4.2

Thd
crit

Add

formance indicators snould be defined at strategic, tactical and operational levels. .1
xe clear how actions at the operational level contribute to achieve strategic level objective]
1 performance indicators are often called “outcomes”. Operational and tactical level pg
cators are called “inputs” and “outputs” respectively.

General aspects

1 General

stinction can be drawn between aspects of the management of dssets for the drinking w
esponsible authority and aspects for the drinking water systenito be managed.

attention to stakeholders’ requirements, needs and‘€xpectations,
sustainability of the asset system and the provided service, and
the management of risk.

management (of the organizing authority) of the utility’s assets will be directed toward
utility’s objectives are met (see ISO 24510).

2 Principal aspects — Drinking water utilities

management of the physical infrastructure of drinking water utilities is recognized gl
ical activity if user’s and.other stakeholders’ expectations should be realized. Key activit

the determinationof the utility’s current and longer term objectives,
planning and,implementing activities to achieve objectives, and
the means of measuring the performance of the utility in meeting these objectives.

itionally, for ensuring long and economical life cycles, they include

hey should
S. Strategic
rformance

ater utility

s ensuring

obally as a
es include

knnwlpdgp of the layout of the entire water anplv system fngpt'hpr with knnwlpdg

e on costs

©IS

(planning, constructing, operation, maintenance),

knowledge on availability and need of resources,

the selection of appropriate materials and components,

the choice of installation technology and corresponding contractors,
quality control of materials used and of installation,

maintenance of assets and asset systems including routine and incident-related insp
investigation, and

monitoring of operating conditions.

02016 - All rights reserved
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Effective management of assets is a balance of minimizing life cycle costs while continuously providing
the levels of service established by the utility to meet customer and stakeholder expectations.

Manageme

planni

nt of the assets includes

maintaining an up-to-date system inventory,
monitoring and documenting data,

assessing system condition,

g, maintaining or rphnhilifnfing the system

optimi
identif]
ensuri

the en

4.2.3 Pr

The manag

zing depreciation and reinvestment,
ying and managing risks,
hg the system is utilized /operated as intended, and

Fironment in which the assets are functioning.

ncipal aspects — Drinking water systems

rfement of assets of water supply systems should cover the{eomplete asset system and

interrelatipnship of all assets such as abstraction, waterworks, aiid treatment plants including

resulting ¥
assets shot
environme
and demog

Hence, thi
of assets o
storage (ar

Drinking v
(and typicd
— delivet
— suppol
In general,
— water

intake

treatni

h1d consider changes in needs and expectations of users and other stakeholders as we
ntal effects such as climate conditions, consumption of resources, population migrati
raphy.

n water supply systems such as drinking*water plants including treatment, pumping
d any storage in the network).

lly) described as

ing of safe drinking waterin'the required/agreed quality, and

drinking water supply system generally comprises four components:
source;
and transport;

entlifnecessary, and if appropriate, disposal of residues;

vater quality, reservoirs, pumping stations and mains® In addition, the managemen

ting the fire brigades-with water for firefighting if possible (depending on local regulatid

the
the
[t of
1 as
bns,

5 document should be used in conjunctionZwith other standards regarding managenpent

and

Fater systems are used to providea’service to users and communities. This can be briefly

ns).

storag

4.2.4

e, trarmsportamd distributiom:

Integrating the principal aspects

Management of assets is the application of the drinking water utility’s asset management principles,
as described in this document, within the management of the drinking water system including the
drinking water network.

Management of the drinking water network assets is implemented with the framework of integrated
drinking water network management.
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Risks and life cycle aspects

1 Risk

Risk considerations are necessary at all levels in the management of assets — the strategic, the tactical

and

the operational levels.

Appropriate treatment of risks arising within the context of an organization is an important objective
in the management of that organization’s assets. Risk treatment is typically done by the introduction,
or modlflcatlon of eXIStlng risk controls Selection of the most approprlate rlsk controls should result

Apnl
incl

The
diff]
mef
(eg

The

Haz
imp
occ
for

sho
ord
the
con
aga

Thd
risK
med

Dri
a)

roprlate countermeasures can then be 1ntroduced in a prlorltlzed manner. Such tire
de operation and maintenance activities as well as rehabilitation.

re are many alternative techniques for identifying, analysing, evaluating and treat
brent fields (see IEC 31010 and the water sector-specific EN 15975-2).\The risk {
hodology proposed in this document is based on generally recognized risk assessment
ISO 31000).

se principles involve

risk identification (in this case, principally by hazard analysjs),
risk analysis,

risk evaluation, and

risk treatment (risk control).

ard analysis involves study of hazards as potential causes of risk events. Risk analysis co

risk evaluation, based on organizational objectives and external and internal contexts. R
1ld be determined in terms of the'same dimensions as the parameters used in the risk ar
br of priority for inspection/survey plans should be determined by risk evaluation (whicl
significance of each risk reldtive to all the risks under consideration). Typically, this con
ducted by comparing individual risks’ “scores” (the product of a risk’s impact x likelih
nst the organization’s rfisk criteria), using a risk matrix to present the results.

prioritization of measures to treat (prevent/reduce) the impact and/or likelihood of]
s’ occurrence should be carried out by comparing the effectiveness of individual
isures and their related costs, practicability and acceptability to stakeholders.

hking watertrelated asset risks can be categorized into the following two groups:

non-influenceable risks, such as natural disasters (earthquakes, storms, floods, etc.) o
situations;

act (and related consequences) of a risk event’s occurrence and the likelihood that that
ir. The drinking water utility should défine its utility-specific risk analysis approach and criteria

gor failure).
hsures can

ng risk in
issessment
principles

hsiders the
event can

isk criteria
alysis. The
\ considers
hparison is
od ratings

individual
treatment

 economic

b)

influenceable risks, such as events arising from accidental damage, asset deterioration, mis-

operation of assets, or malicious interference with assets.

The following are a few examples of asset data relevant for assessing impact:

A pipe’s

©IS

diameter,
operating pressure or function,
proximity to other significant assets,

access constraints,
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— social influence, and

— (repair or rehabilitation) cost.

The following are a few examples of asset data relevant for assessing likelihood:
— maintenance data;

— telemetry data;

— employee feedback;

— incident data;
— condit]jon data;
— user complaints;

— securify reports.

4.3.2 Life cycle

Life cycle ¢ost should be minimized by keeping the system in an operating condition as stated in|the
objectives.

This should include

— optimized maintenance planning,

— pipelirje network investigation/inspection at regular jhtervals and water loss assessments,
— use of puitable construction methods and durableufaterials,

— coopelfation with other services or contractofrs;

— energy management,

— optimized stand-by service,

— propei control of operational processes,

— efficient deployment of staff-and accomplishment of tasks (by qualified and/or certified contractors,
if necepsary, while retaining core competences in the utility),

— participation in ben¢hmarking projects, and
— demand-basedmaterials management and control (procurement and stock keeping).

For example, to rehabilitate facilities, the priority of the project should be determined in the framework
of budget While aiming to minimize the life cycle cost of each asset.

4.4 Structuring the process for management of assets

4.4.1 General

Integrated management of assets in drinking water networks is the process of achieving an
understanding of existing and proposed drinking water networks and of using this information to
develop strategies to ensure that the hydraulic, structural and operational performance meets the
specified performance requirements taking into account future conditions and economic efficiency.

The integrated drinking water networks management process is illustrated in Figure 1.
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Investigation
(see Clause 5)

Assessment Objectives and
| (see Clause 6) performance requirements
(see Clause 4 and Annex A)

Planning

(see Clause 7)
\S J

Implementation
(see Clauses 8 and 10)

Figure 1 — Integrated drinking water networks management process

The integrated drinking water networks management process has four principal activities:

— |an appropriate level of investigation of all aspects of the performance of the drinking water
networks;

— |assessment of the performance by comparison with the performance requirement$ including
identification of the reasons for the performance fajlures;

— |developing the plan of measures to be taken;
— |implementation of the plan.

The need for further investigation can become apparent either during the performance assgssment or
the|development of the plan.

Intdggrated drinking water networks management forms the basis for the operation and reljabilitation
of the drinking water networks:The information is regularly updated for the future management of the
dripking water networks.

For|large drinking water-networks, for example, where one serving a large city, an outline|integrated
dripking water mapdgement plan may first be developed following an outline investigafion of the
whole system. Mofe,detailed plans may then be developed for each sub-distribution section|within the
confext of the strategic outline plan.

The integrated drinking water network management plan is further developed during the
implementation phase by subsequent investigation, assessment and planning to devlelop work
programmes and individual projects to implement the plan.

The boundary conditions should also be considered.

4.4.2 Strategies for the management of assets

The strategies for the management of assets should be based on objectives and requirements (see
4.1). The risks of not achieving these objectives and requirements should be identified and managed
appropriately.

Drinking water infrastructure assets should be managed and maintained according to the condition-
based or inspection strategy. This requires devising an inspection strategy (see also Reference [15]).

The condition-based or inspection strategy takes into account the development of the condition of
the asset system and single assets and pursues a long-term approach. It warrants the efficient and
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economical use of restoration funds although it may not reduce overall rehabilitation and life cycle
costs over a defined long-term planning period, but can spread these costs out over a longer term and
can avoid social costs. Costs depend on actual maintenance requirements. Based on this strategy, the
risks can be estimated and controlled in relation to the objectives determined in accordance with 4.1.

Only repairing failures leads to an incident-based or failure strategy, which incurs lower maintenance
costs in the short term but disproportionally high costs in the long run. Probable consequences
can include inadequate operating safety, high water losses, increased failure rates, water quality
degradation, and premature loss of the existing structure and value of the infrastructure assets. The
risk of failures and inadequacies in supply is extremely high.

Fundamental prerequisites for economically efficient maintenance should be defined as early as
possible, irlcluding in the design and construction phases of water infrastructure.

4.4.3 Periods of planning

The sustaipable rehabilitation process for the management of assets is, on the basis, of the planping
period unfler review, subdivided into the following three interdependent sub-<processes[l3] [see

Figure 2):
— long-tdgrm rehabilitation — strategic planning;

— medium-term rehabilitation — tactical planning;
— short-ferm rehabilitation — operational planning.

NOTE The duration of the planning stages depends on local circumstances and the nature of the instdlled
pipes or corponents.

Common time frames are the following:

— strategic planning, about 20 years to 40 years;
— tacticql planning, about 2 years to 5 years;

— operatjional planning, next year.

The develppment of the rehabilitation strategy for a long-term period focuses on the scop¢ of
rehabilitatjon measures and the rehabilitation budgets required to achieve and to maintain sufficjent
supply qudlity and network condition levels. It is based on an asset type approach, e.g. certain pipe
types (matgrial, nominal diam€ter, etc.), but not on individual line sections.

Strategic Plan > Tactical Plan >Operational Plar>

Increasing intensity of work and degree of detail

Figure 2

Individual mains sections and their environment are taken into account only in the rehabilitation
planning. During the sub-process “tactical plan”, the required rehabilitation measures are determined
and prioritized for a medium-term period based on a network evaluation. The rehabilitation technology
and material are preselected. In the implementation phase, the actual execution of the rehabilitation
measures in terms of line routing, nominal diameter, material and construction method is then examined
and fixed in consideration of possible alternative measures. For this purpose, the sub-processes cannot
be considered as independent, and their results with regard to rehabilitation strategy, tactics and
operational plan should be harmonized not only with one another, but also with the strategic network
structure and capacity planning.
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4 Strategic level activities

Decision making support requires in the first step the identification of measurable strategic objectives
(see 4.1) and the necessary evolution and measurement of the objectives[15]. Common activities related
to determining strategic objectives (see also 4.1) should include the following strategic activities:

establishing acceptable/required levels of service, public safety, public health protection,

environmental protection and user satisfaction;

expressing those levels in the form of performance indicators;

4.4

Act

Am
and
Thd

4.4
Act

liu}\ius those pet formanceindicatorstoasset pet formanceindicators:
establishing adequate billing rates and a water price suitable in time to ensure sustainabl

quantifying sustainable and predictable infrastructure funding requirements.

5 Tactical level activities

vities on a tactical level should include:

analysing infrastructure asset life cycles;

establishing operational information to be collected at the-Qperational level;
establishing a system for managing information;

analysing reported information;

analysing the value and performance of the agssets;

analysing of (specific) cost of planning, installation, operation, maintenance and rehabil
prioritizing infrastructure spendingfrom available funds;

maintaining an accurate asset data collection system;

assessing the risks of asset.failure or inability to meet the intended function;
ensuring that the required maintenance is performed.

ajor activity at thetactical level is the process of reviewing indicators to determine only
useful coherentiinformation, in order to avoid overloading the information manageme
informationshould be manageable and relevant [15].

6 Operational level activities

vitiesion an operational level should include:

E revenues;

tation;

productive
nt process.

Collecting, monitoring and reporting asset operational information and condition (See Cl
controlling costs;
planning preventive maintenance schedules[16l;

implementation of rehabilitation projects.

© ISO 2016 - All rights reserved
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5 Investigation

5.1 General

The investigation should be carried out in order to make an assessment of the condition and the
performance of the drinking water networks and their components.

Investigation is the first stage in the integrated management of assets of drinking water networks as
described in 4.4.1.

Damaged,
inadequat

rehabilitatjon work should be carried out on complete areas of supply so that all problems and their
causes can| be considered together. In large drinking water networks, it can be necessary to starf by
investigatipg appropriate parts of the system. The procedures described in this ‘document car} be
applied in gny drinking water network, but detailed application should take account’of the age, locafion
and type of the network, the materials used in its construction, together with functional and climfatic
factors.

5.2 Purpose of investigation

5.2.1 General

The investjgation is carried out in order to make an assessiient of the performance of the drinking
water network and its components. This can include:

— investigation aimed at tactical planning;
— investigation aimed at operational planning,

The purpope of the investigation influences'the way in which it is carried out (e.g. choice of method,
degree of detail, level of desired accuracy) and the way in which the results are assessed.

The assetq of the drinking water geétworks included in the investigation should be those that|are
necessary fo fulfil the purpose of(the investigation. Examples include raw water mains, transmisgion
mains, trupk mains, principal ahd local mains, service pipes, manholes, inspection chambers, metefing
chambers, pumping stationsyiniverted siphons, service reservoirs, draining mains, monitoring facilities,
control facjlities and flushing facilities.

5.3 Determine the'scope of the investigation

Following the réyiew of the current performance information, it is possible to decide whether to cqrry
out an invgstigation and whether the extent of the problems ]ustlfles an 1nvest1gat10n of the entire
supply arel s 3 3

structural and operatlonal aspects should be determlned

5.4 Data collection

5.4.1 General

Acquisition of data is an indispensable basis for the management of assets but it carries a cost. The
drinking water utility should consider what data are important to acquire promptly and what further
data should be acquired opportunistically. 5.4 contains details of types of data associated with a range
of objects that can be important to inform the drinking water utility’s decision making process[1Zl. The
drinking water utility should consider the purpose for which the data are to be gathered and design
data recording methods to suit those needs.
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Where there is insufficient information, the inventory should first be updated where required and
any other information should then be collected during the hydraulic, environmental, structural and
operational investigation.

5.4.

2 Datarequirements

The quality of data should be assessed, taking into account whether it is

complete,

compatible,

5.4

Inv
con

accurate,

at a suitable scale,
consistent,
current, and

credible.

3 Inventory data

entory data provide essential technical information ©n“the drinking water netwo
ponents. Table 2 gives examples of inventory data.

Table 2 — Examples of inventory data

rk and its

Inventory data attribute, if applicable

Objects

Pipeline section

Valves/control and
metering equipment

Ser

vice pipe

ation (e.g. mains ID, coordinates, address)

X

X

X

e of mains (trunk mains, principal mains,
1l mains, service pipe)

X

X

e of component (e.g. fitting,joint, gate valve,
terfly valve, hydrant, air vValye, ferrule, meter-
equipment)

erial

hufacturer

>

Len

gth of mains séction

dia

Noininal diameéter and/or external or internal

meter

Yeqr of installation

Yedr agf- decommissioninag (bermanent decommis
o ¥

sioning)

Year of rehabilitation

Type of rehabilitation

K| X ] X [ X|O |

R X R X [ O X

Year of calibration

Operating pressure (OP)

OIX|O|O| O [>=| X

X
0

ID

should be mandatory;
should be optional;
not applicable;

identification number of an asset;

SDR standard dimension ratio (a method of rating a pipe’s durability against pressure).

© ISO 2016 - All rights reserved
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Table 2 (continued)

Inventory data attribute, if applicable Valves/control and

Objects

Pipeline section : .
metering equipment

Service pipe

Maximum allowable operating pressure of com-

type of coating, water quality, type of jointing)

ponent (PMA) X 0 0
Type of connections X X 0
Other technical data (e.g. wall thickness, SDR, 0 0 0

X should
0 should
— notap

SDR standa

ID  identiffication number of an asset;

be mandatory;
be optional;

blicable;

rd dimension ratio (a method of rating a pipe’s durability against pressure).

5.4.4 Fa

Failure da

— date of
— date of
— locatig

— pointd

— type of

— cause

— typeof

— costs g
— consedq

For the de

executed bly well-trained-personnel.

5.4.5 Fu

In addition

lure data

documentation, after final remedy;

failure occurrence, if known;

n (e.g. mains ID, coordinates, address);

f failure;

failure;

f failure (e.g. ageing, damage due‘toother construction, etc.);

remedy (repair, renovation,xeplacement);

f eliminating failure;

uence of failure (e.g.read collapse, leakage volume, number of customers without servic

termination and-diagnosis of failures, uniform assessment criteria should be used

rther condition data

to failure data, more information on the condition of drinking water networks shoulg

fa provide information on failures found in drinking water networks and are linked to
inventory dlata. At the minimum, the following data should be collected:

and

| be

acquired as+

1|' vrovidecvualuahla informaation an tho nrinritigation Af vohahilitatian maacnirac
il

TV T Y oo o T T O T T T C T O O I - P T O T e Ao e T o O T oo e e r o rrreoro o oo

Condition data on drinking water networks are limited, with the data collection methods differing
fundamentally from the collection of inventory and failure data.

The following data should be collected, if applicable and discernible:

— date of condition data collection;

— location of investigation (e.g. mains ID, coordinates, address);

— identification and plausibility information (e.g. material, nominal diameter, pipe coating, type of

jointin

g);

— bedding;

16
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Cornftext data provide technical information aboutthe local in the vicinity of a drinking wat

ass

extent of external corrosion;

form of external corrosion;

depth of external corrosion;

mains condition/failure (e.g. scoring, deformation);

internal deposits;

context data;

operating pressure fluctuations (minimum and maximum<alues);
ambient temperature;

accuracy of metering, controlling-related devices.

bt, by and large corresponding to the contentof Table 3.

Table 3 - Examples of context data

br network

Objects
Context data attribute . . Valve/control L
Mains section | and metering | Sexvice pipe
equipment
Datle of context data collectioh X X X
Lodation (e.g. pipeline ID/¢oordinates, address) X X X
Tyge of soil X X X
Soi] assessment 0 0 0
Strjicture in the(vicinity which can harm the mains or be
» X X X
harmed byxit
Disftanee to building site X X —
Diskance to long-haul traffic routes (e.g. A-roads and - - L
motorways, railway lines) - “
Traffic load X 0 0
Protection strip X — —
Working width X — —
Surface utilization X 0 0

should be mandatory;
should be optional;
not applicable;

identification number of an asset.

© ISO 2016 - All rights reserved
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Table 3 (continued)

Objects
Context data attribute ] ] Valve/control o
Mains section | and metering | Service pipe

equipment

Earth movements/mining activities X ¢} X

Hillsides X 0 0

Structure of user X X 0

X should be mandatory;

0 should be optional;

— not appljcable;

ID identifichtion number of an asset.

5.5 Dat3registering and data assignment

5.5.1 Data registering
The stored|data should be checked and updated periodically or appropriately.

The data t
stored by t

p be registered as defined in 5.4 should be compiled, infegrated, processed and correfctly

he utility. They form the basis for developing maintenance plans and strategies.
lata
line
A to

The data ¢
should rel3
with its qu
the respec

ollection process itself determines the value of the ‘data for assets maintenance. The ¢
te to the assets’ inventory (see examples in Tables\2’and 3). The data’s value increases in
antity and quality registered and with the passibility to assign individual pieces of dat|
ive drinking water networks/objects (assets) under consideration.

ure
red
ver,
ced

lies to the inventory data which should:be registered, whereas 5.4.3 and 5.4.4 apply to fai
ondition data to be registered. Contekt data in accordance with Table 3 should be registg
hal objects in accordance with Table'Z (line or spot objects). In certain supply areas, howe
commended to register two-dimensionally, in which case they should be clearly referen
ridual objects described in Tahleé 2.

Table 2 apy
and other ¢
for individ
it is also re
to the indiy

tion should be comprehensive, continuous and free from interpretation. Data registered for
one supply|area and/or utility sheuld be uniform and based on previously and unambiguously defined
default valpes (“multiple choice}). Free text should be avoided because it offers only limited evaluation
possibilitigs.

Data colled

[72)

Unlike invg
be register
measurem
by excavat

ntory, failure or context data, other condition data (and, accordingly, pipeline analyses)
ed only during the visual inspection of buried pipeline sections unless cathodic protec
bnts are-involved. To this end, utilities should avail themselves of the opportunities offg
ions accompanying work on pipeline networks or civil engineering works conducted

can
fion
red

by
tive

third parti

eS-Other condition data should be registered notably during remedial activities. Destruc

testing may also be performed (€.g. DTILLIENess of plastic materials).

Data collection may be performed using either mobile data collection devices or forms to be filled in
manually (preferably box-ticking forms). It should be ensured that all data can be digitally aggregated
in one place or system.

5.5.2 Data assignment

All inventory, condition and context data registered should be correctly assigned to the associated
asset types (e.g. PE 100 pipes or valves) and/or individual assets. Failure on valve bodies, for example,
should not be assigned to pipeline data. Likewise, failure data should be registered in such a way as to
enable the retroactive elimination of events not relevant for maintenance, e.g. pipe damage caused by
third-party interference.
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Inventory and condition data can be used for devising a rehabilitation planning and strategy, depending

ont

he object to which they are assigned (see Table 4).

Table 4 — Usability of inventory, condition and context data depending on the object (asset) to

which they are assigned

Strategy Planning and implementation
Database
Asset type Asset Asset

Inventory data X 0 X
Failure data X (0] X
OtHer condition data — 0 0
Corjtext data — 0 o
X I|should be mandatory;

may be optional;
— |may be not applicable/only if exceptional.

5.5

3 Geo-referencing

Usi

geotreferencing and the unambiguous assignment of data recefds to their associated obj
seldct geo-referencing condition and context data can providéesimportant information when
rehpbilitation strategy.

Capfturing data in geo-referencing systems (GIS, network information systems, computg

g the above-mentioned databases for medium- and short-term rehabilitation plannin

g requires
ects. Using
defining a

r network

modlels, etc.) is the best approach for processing and'using maintenance-related data. If t
gned only to pipeline or material groups instead of individual pipeline sections, locatjon-related

ass
infa
pur
infg
exis
strg

5.6

Thd
be d

Are

Thi
car

ting network. Historical data alsg,supply important information for devising a re
tegy.

Review of existing information

collection and review-of all available relevant information about the drinking water netw
arried out and are®he’basis from which all other activities are subsequently planned.

view should also be undertaken of the information required to manage the drinking watd

5 informatien should be assessed to determine what further information is required
'y out the\investigation.

5.7

e data are

rmation (for example, about environment ¢efiditions) is rendered useless for rehabilitatign planning
poses even if such information is available. Reference to individual assets as well as geo-feferencing
rmation should be preserved even when individual assets have ceased to form part of & currently

abilitation

rork should

r network.

n order to

Inventory update

Where the inventory is incomplete, it should be updated so that a sufficient record of the network is
available to carry out the investigation.

NOTE The update of the other information is included in the hydraulic, environmental, str
operational investigations.
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5.8 Types of investigation

5.8.1 Hydraulic investigation

In general, it is not possible to understand the hydraulics of the system without using a hydraulic model.
This flow simulation model should be based on an as-built report updated after on-site investigation of
the mains works. However, a model is not usually necessary in small networks.

Testing and inspection procedures can be required in order to ensure an adequate hydraulic

performance of flows (peak and usual demand, flow under f1ref1ght1ng condltlons) Surveys should
include flow—ss

material t
closed valy

Calibration
low flow cq

Having ids
and then a
inspection
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It is impor]
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documentd

The freque
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at may later contrlbute to coloured water problems) and 1dent1f1catlon of leakages
es.

and/or verification of the models should be carried out under peak flow situatioris, at n
nditions and by generating bigger abstractions by flushing hydrants.

ntified possible causes of error, it is often necessary to confirm these by site inspec

of the system.

uctural investigation

tant to ensure that investigation of the system is selective in order to avoid duplicatio
ork. The structural investigation can include either a complete survey of the drinking w
a more selective approach. Consideration should be given to the age and location of exis
ure, geotechnical data including the pipe bedding’and surround, and the vulnerabilit
ildings and other utility services.

ropriate, other qualitative and quantitative investigation techniques may be used. T}
hvestigation of the chemical composition of the groundwater and the soil should be car

this can affect the structural integrity.

ce and environmental impact:

erational investigation

erational procedures, inspection schedules and maintenance plans should be identified
d.

ncy anddogation of recorded operational incidents (e.g. loss of pressure, pumping sta
C.) should be reviewed.

ded
and

ght

fion

djust the model accordingly. Data should not be modified without justification based on an

h of
hter
[ing
y of

ese

pratory analysis and field condition ass€ssment to identify pipe wall integrity and remairning

Fied

5 of the structural investigations can also be relevant to the assessments of the hydrgulic

and

fion

The impac

of-operational problems on the hydraulic performance of the system should be determllned

from incidentreecords:

The causes of significant recurrent operational incidents should be investigated.

To deal with operational problems in the most cost-effective way, it is necessary to investigate and
understand their causes and effects. Investigations can be required to determine the following:
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location and route of a pipeline;
cause and location of pipe bursts and failures;
cause and location of emergent water;

quality of construction or repair;
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condition of a pipe;

leakage.

Operational investigation techniques available include the following:

electronic localization;
closed circuit television for transmission mains;

flow measurement;

Ind

sampling and analysis;
leakage control.

cators are an essential tool in understanding a utility’s infrastructure conditions and

in parallel, the use of indicator-supported infrastructure planning and decision making

imp
tot
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5.9
An

he utility’s objectives.

spective of the strategy and the methods used, water infrastructure assets should be
manently, and their components and operating equipment should be maintained and
ilarly for their operating condition and functionality and in accordance with funct
hirements.

butine inspection of the condition of the service quality and particularly the asset age
ditions and the maintenance should start when commissioning water infrastructure
gner and/or the owner or operator should spegify the nature and frequency for the m|
inspection of the asset system or single assetstl6l. If condition data based on routine ins
available, all other available data based on-ggndition assessment should be used [17].

ufficient and reliable database on water infrastructure asset inventory and asset c
spensable for maintenance includihg-strategy, planning and implementation. It is ba
ified and quality-assured collection, processing, evaluation and storage of asset-relate

m:jlntenance data, especially inspections, should therefore be recorded and documented.

needs and
b. Properly

lemented, indicators provide information on the state of the assets and thglevel of their cgntribution

monitored
inspected
onal asset

ing-related
hssets. The
hintenance
bection are

bndition is
sed on the
d data. All

sureable condition data give decision makers the ability to see more clearly the co
mplete understanding, of their infrastructure assets and needs. Operational problems ¢

ous components of-drinking water network. The techniques available to resolve them ar¢
nnex B.

Review'of performance information

ndication of the type of performance problems, if any, on existing systems is likely to

equences

s
heir decisions and to avoid the many pitfalls that result from making funding decisioILs with an

oncern the
e described

be known
bf drinking

throughureports of incidents such as pipe bursts, leakages, loss of pressure and deterioration
J:; (coloured water) from previous investigations or users’ complaints. Records of pag

water
and any other relevant information should be brought together and a detailed review should be carried

out

Exa

to establish the scope of the investigations.

mples of such other information include:

hydraulic performance analysis;

performance of mechanical/electrical equipment (e.g. metering or control devices);

results of monitoring, performance and condition.

t incidents

Where large numbers of complete or partial supply areas are in need of investigation, the existing
information collected may also be used to assign priorities to the investigation of the perceived
problems in each supply area (for example, by comparing the cost of the investigation with the benefit
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that might be achieved). These can then be used to draw up a comprehensive programme so that the
supply area with the most serious projected problems is investigated first.

5.10 Planning of investigation

The following should be evaluated for design of the survey work:

target facilities and period for inspection/survey;

determination of survey type (see 5.4.5);

survey

estim3

Target faci
the priorit]
amount me

5.11 Performance testing

The perfor
completion]

The follow
leakag]
visual
flow m

water

The tests t
depend on

The effecti
with its st4
as an asseg

6 Asses

method, items, standards;

ted cost.

 order based on risk assessment. The medium-term plans should be based éon'the total w
ntioned in the long-term survey plan.

Imance of the drinking water network should tested and assessed‘during construction, at
of the construction stage and also during the operational life of the system.

ng are examples of tests and assessments:
e measurement;

inspection;

easurement;

Huality measurement.

b be undertaken to determine the performance being achieved by a drinking water netw
whether it is a new asset, a long-time existing asset or a rehabilitated asset.

veness of maintenance should be assessed by comparing the performance of the netw
ited requirements. In addition, for reactive maintenance, target response times can be u
sment.

6.1 Pri

The perfor
performanl

ities and the execution period for medium-term survey plans should be decided.accordinig to

ork

the

ork

ork
sed

The

anee of the system should be assessed against the performance requirements (see 4.2).

requirements.

Figure 3 shows the process of assessment.
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Results of investigation

Assessment of the condition and
deficiencies

Comparison with performance requirements

Identification of deficiencies

Identification of causes of performance
deficiencies

Planning

Figure 3 — Process of.assessment

6.2| Assessment of the hydraulic performrance

The results of the hydraulic surveys and/or(the verified flow simulation model should be usgd to assess
thehydraulic performance of the systemlrelated to the performance requirements for peak flow and, if
appjropriate, for firefighting conditions.

6.3| Assessment of the structural condition

Onde the system has been'inspected, the next stage is to examine the results to identify those areas
reqpiring action.

6.4 Assessmentof operational performance

The operational performance of the system as measured by the number of operational ifcidents or
failfires should be assessed. This should be recorded in a database.

6.5| “Compare with performance requirements

The results of the assessment of the hydraulic, structural and operational performance should be
brought together so that the overall performance of the system and its components can be compared to
the performance requirements (see 4.1.3).

Performance indicators are one method of comparing the overall performance of a network with
performance requirements. Any performance indicators used should be

— clearly defined, concise and unambiguous,
— verifiable, and

— simple and easy to use.
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6.6 Identification of unacceptable impacts

Details of those parts of the system where the hydraulic, structural or operational performance of the
networks or its components does not meet the performance requirements should be recorded.

6.7 Identify causes of performance deficiencies

Based upon the results of the hydraulic, structural and operational investigations, the causes of
performance deficiencies should be determined. The relative impact of each cause should be assessed
in order to develop appropriate solutions and to set the priority for action.

7 Planning

7.1 General
The integrated drinking water networks management plan can take one of two forms.

a) The plan describes the approach to be taken (e.g. a major mains ser¢ing a new housing or
commg¢rcial area to alleviate loss of service pressure or serving an area)by water from another
wateryorks). An outline plan is likely to take this form; further infofmation may be includefl in
detailgd plans for parts of the distribution.

b) The plan outlines the proposed activities and measures (e.g. a‘major mains serving a new houging
or conjmercial area to alleviate loss of service pressure or sétving an area by water from another
wateryorks) and specifies the resources and timescales.

Strategic plans are likely to be more long term (e.g. 20 years to 40 years) than medium-term (tactical)
plans (e.g.  years to 5 years) or detailed work programimes (next year).

The proceds of planning to fulfil the performance requirements is outlined in Figure 4.

Results'of Assessment
[see Clause 6)

Develop integrated solutions

Assess feasibility of solutions

Select optimal solution

Prepare action plan

To Implementation
(Clause 8)

Figure 4 — Process of planning
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7.2 Develop integrated solutions

Integrated solutions should be developed that fulfil the performance requirements, taking into account
future conditions. Different types and groups of solutions are listed in Table 5.

Table 5 — Solution types and groups for rehabilitation

Type Group
Maximize use of existing flow capacity
Hvdeath Adjust diameters to water demand and pressure
yratie

Increase the reliability (n-1 criteria) of the networks in case of failures.gr incidents

Target grid planning

Strfictural

Protect fabric of mains by provision of appropriate linings or internal cgatings

Rehabilitate pipeline

Undertake planned inspection and cleaning of mains

Optimize frequency of maintenance of valves and other equipment

Op¢rational
Provide additional resilience in the event of futurefdilure (e.g. provision|of stand-by
equipment or emergency storage)

NOTE  This listis not exhaustive.

7.3| Assess solutions

So

—

reqpirements and factors such as the following.

a)

b)

d)

f)

g)

h)

utions should be assessed and the optimal solution Selected, with regard to the basic pgrformance

Safety in construction and operation — The minimization of risks to health and safety during
construction and subsequent operation ofithe system.

Social disruption — The disruption to local residents and other members of the puplic due to
traffic delays, dust, noise and othei{social factors should be considered.

Sustainable use of resources — The use of energy and other finite resources in the cqnstruction
and operation of the systemishould be taken into account. The ability to recycle materials used in
the rehabilitation works ‘and any waste produced should be considered.

Phasing of the works — The possibility of integrating the solution into a staged programme of
works should be“\censidered. This should take into account the priorities of the works and the
benefits in terms-of improved performance associated with each identified phase of the|works and
the cost savings associated with deferral of the later stages.

Relationship to other infrastructure works — The benefits of phasing the works with other
infrastructure works should be considered.

Capacity and resource constraints — Account should be taken of the resource consfraints (e.g.
personnel, supply chain and financial) in the selection and phasing of the options.

Future maintenance liabilities — The cost of future maintenance works and other operational
costs of the system should be taken into account.

Economic appraisal — The costs and benefits should be considered to determine whether the
additional benefits of one solution over another, for example, increased asset life, are justified.

Whole life cost — The whole life cost of a solution is the present value of all the costs over the
life of the solution including temporary works and diversion of other utility services. All design,
construction, investigation, maintenance and operational costs should be taken into account as
well as the indirect costs (e.g. cost of social disruption). When comparing different options, the
whole life cost should be calculated over the same period for each option.
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7.4 Prepare action plan

The selected integrated solution should be documented to give a single plan for the drinking water

network. The documentation should include:

— detailed objectives;

— legal requirements and permits, including any timescales for rehabilitation;

— performance criteria;

— priorities;

— propoged works including costs and phasing;
— relationship to other construction or planned development;

— conseduences for operations and maintenance.

Four types|of plan can be prepared:
— new d¢velopment plan;

— operatiions and maintenance plan;
— rehabilitation plan;

— contingency and emergency plan.

8 Impl¢mentation

8.1 General

The implementation plan should take into codsideration the financial risk(s) situation to the drink
water utilitfy and be based on the principleofithe “plan-do-check-act” (PDCA) approach; see Figure }.

Carry out
work

P

Review

performance

update plan

—

ng

/

performance

Figure 5 — Process for implementation following the PDCA approach
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8.2 Create/update plan

Firstly, the objectives and functional requirements, as well as the technical processes to investigate,
assess and create maintenance, rehabilitation and operation plans, should be established to keep or
improve the performance of the asset system.

Necessary works to extend, reduce or rehabilitate the drinking water network as specified in the
rehabilitation plan or the operational plan should be undertaken.

The implementation plan should be updated as necessary. If the performance requirements change,
then the whole planning process should be repeated so that the entire plan remains up to date.

8.3| Carry out work

Where it is necessary to extend, reduce or rehabilitate the drinking water network,these warks should
be designed.

Thg management of asset should include:
— |quality control of materials;
— |quality of installation;

— |appropriate technology, materials choice and procurement (quality control of materials yised and of
the works).

8.4 Monitor performance

It i important to monitor the effectiveness of werk undertaken and to update the plan, influding the
records (inventory) and the hydraulic model.

8.5 Review performance

The performance requirements sholild be reviewed periodically.

9 [(Operation and maintenance

9.1 General
Opgration and mainténance should ensure that

— |the entire\(System is operationally ready at all times and functions within the p¢rformance
requirements,

— |the'operation of the system is safe, environmentally acceptable, and economically efficignt, and

— as far as possible, the failure of one section of the drinking water network does not adversely affect
the performance of the other parts.

Examples for the relation between major terms of management of assets are shown in Table 6.
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Table 6 — Relation between major terms of management of assets

Existing systems

Retain original

performance R.estore orig- Upgrade per- Examples
Term . e inal perfor-
(routine activi- formance
ties) mance
Monitoring, regulation of flow, diver-
Operation Yes No No sion of wastewater flow, operation of

pumps and valves
C}cauius Ul f}uo}xius SCTVWTCTS, ad]uo

Maintengnce Yes Yes (routine) No ing metering equipment, cleaning
and/or lubrication of a pump orvalve
Relining of pipe; repair of a broken

Rehabilitdtion No Yes Yes pipe, pump or valve; replacement dr

enlarging of an asset

Effective operation and maintenance of the drinking water networks are impoftant elements of|the

manageme
providing {

There can
remedy fai

9.2 Ope

The purpo
functional

Operation
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plannipg;

rights pf access;

a suffi¢ient number of competent personnel;

clear assignment of responsibilities;

suitable equipment;

knowledge of the system, its operational components and the users connected;

adequdte records and analysis.

handliphg, switching/operation on pumps;

controlling valves and other equipment;

ration

ncludes the following:

nt of assets for keeping condition of the drinking water network inthe required status pand
he assets a long service life. Operation and maintenance depend en; for example:

hlso be requirements relating to the resolution of performance deficiencies, for exampl¢, to
Jures and problems within.acceptable timescales.

be of operation is’t9 ensure that the drinking water network performs in accordance with its
requirements.and in accordance with any operational plan(s).

acting in accordance with contingency and emergency plans;

measuring water quality;

inspecting periodically;

making connections to existing mains and to users;

check of disused larger mains;

check of building activities over or adjacent to mains;

monitoring and controlling flow, pressure etc.;
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active leakage management.

Urgent interventions that are generally intended to be temporary are included in operations.

9.3

Maintenance

The purpose of maintenance is to ensure that the drinking water network performs in accordance with
its functional requirements and in accordance with any maintenance plan.

Mai

ntenance includes:

10

10.

Ond
is d
reh

managing water assets should be subdivided into the following three logical steps that build

oth
long

a)
b)
c)
Det

[ocal repair or replacement of damaged pipes, valves or other assets in order to maintain their

functioning;

flushing, cleaning, removal of sediments, disinfecting, etc. to restore hydraulic’capa
ensure hygiene;

regular attention to accessories like valves, control and metering equipmént.

Rehabilitation

1 General

e an asset system is installed and operated, the highest expenditure in costs over th|

'ity and to

e life cycle

etermined by decisions on rehabilitation of thosecassets. The preferred way and tirIing of the

hbilitation essentially influence the assets’ life cycle costs. Therefore, a sustainable

br S0 as to be able to identify and assess (including by way of comparison) the short-, m¢
r-term impact of rehabilitation[15] (see alsg:Figure 2):

determining a long-term rehabilitationstrategy;
drafting a medium-term rehabilitation tactic;
implementing operational rehabilitation measures required in the short term.

brmining a strategy stagts by identifying the scope of rehabilitation works required and th

bu

condition and resulting-levels of service. The tactic includes identifying and defining the g
rehfpbilitation measares required in the medium term and pre-selecting the rehabilitation
and materials. The operational level includes reviewing the actual execution of the rehabilit
and| taking inte.account possible alternative options.

Shofrter periods of review require more intense work and higher degrees of detailing of the
sub}praocesses, entailing a higher total expenditure in terms of both time and cost. More pre
renflér-the necessary rehabilitation measures more certainty. The results of the individual Ig

get on the basis of a\long-term perspective so as to obtain and/or maintain adequ

rocess for
upon each
bdium- and

e pertinent
hte system
equence of
Lechnology
ation work

respective
Cise details
gical steps

199 1 . 1 il +1
ShOulu DC S yIHILHT UIIZCU WILIT UIIC dI10UICT.

The key objectives of the rehabilitation of water systems consist in

minimizing failures and supply interruptions in any situation,
reducing water losses or maintaining them at low levels,

avoiding hazards to humans, third-party assets and the environment,
improving or maintaining the level of service, and

continuity of supply arising at the lowest possible total expenditure.

The extent to which achievement of each of these objectives can be influenced is indicated in Table 7.
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Table 7 — Rehabilitation objectives

Rehabilitation objective Strategic plan Tactical plan Operational plan
(How much?) |(Where and when?) (How?)
o _ _ Complete system X X —
Mlmml_zmg pipe _fallures and Asset type X X —
supply interruptions
Asset — X X
Reducing water leakages or keeping them at low
0 X X
levels
Avoiding hgzardsto rurmans, third-party assets
; — X X
and the enyironment
Presstl_ltre and . X X
Improving pr maintaining quantity
level of seryice Water quality 0 X X
Availability X X X
Minimizing the required total cost of maintenance
: X X X
while keeping up the necessary supply standard
X implemgntable;
0 implemgntable if allocation to asset type is possible;
— not implgmentable.
The risks prising from or affecting water infrastructure assets:should be well known in ordef to
attain the fehabilitation objectives. A more detailed breakdowst of occurrence likelihood and imjpact
of failure if given in 10.2. While asset type-related failure\likelihood is the only risk factor a strafegy
may consider, planning and option analysis permit evaluating all potential risk factors based on prefise
knowledge of the actual location of the individual asset:
10.2 Stragegic plan for rehabilitation of physical infrastructure (long-term planning)
10.2.1 Geperal
A rehabilithtion strategy should be waorked out for all defined areas of supply. As a matter of principle,
the extent pf the rehabilitation workrequired should be determined on the basis of homogenous apset
types exhjbiting identical or similar condition developments/ageing behaviours, whose condition
developments and/or servic€-lives are expected to be statistically comparable. This can invplve
subdividing the drinking water network into at least the following major asset types:
— long-djstance and trunk mains;
— primaty and Jocal mains;
— servic¢ pipes;
— other installations (e.g. valves, meters and hydrants).

Depending on the available data and following an analysis of the existing system, its pipelines and
valves within major asset types should be broken down further, for example, by:

mortar lining);

30

asset types and/or areas of the same nominal diameter range;

asset types of comparable bedding, location and installation conditions;

pipe and/or valve groupings (e.g. age, material, design and connection type, corrosion protection);

renovated pipelines (depending on the renovation method, e.g. with subsequent in-situ cement
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asset types of comparable modes of operation and/or conditions of use;

asset types equipped with cathodic protection.

Certain areas or asset types exhibiting unusual or above-average water leakage and quality problems
— such as turbidity — that have a major impact on the rehabilitation strategy should be broken down
accordingly into asset sub-groups.

The rehabilitation need of the supply area under review is determined on the basis of the rehabilitation
lengths and numbers identified for the individual asset types.

Typtea

fitti
reh

Thd

S Wi

ngs and service pipes is usually event-oriented, whereas for main
hbilitation is condition-oriented.

th larger diameter

rehabilitation strategy should be defined at a point in time that permits identifying and

appropriately to the probable long-term need for rehabilitation. A period of. review of 4

gen

typ
feaf]

ope

10.

Thd
Int

Cat
pip
cur
ma
be

dig

Infd
util

erally sufficient to completely cover the relevant condition developments of the asset
bs to be rehabilitated. A longer period can make sense only for younger pipeline netwo
uring pipelines expected to have a longer service life. Function{ dondition of insta
ration of each asset type should be considered in setting the review period.

P.2 Service life and failure rate development

service life of a pipeline network is an important factorwhen determining its need for reh
he first step, the service lives of asset types can be estimated on the basis of

empirical data and historical rehabilitation statistics of the utility,
cathodic protection measurements,

cross-utility statistics,

special investigations, and

other sources, e.g. technical literature.

hodic protection systems, if*installed, play a major role in condition-based maintenan
s and, consequently, the talculation of their service lives. By continually measuring the
Fent requirement (including on- and off-potentials), service life can be prolonged by

;Intenance. Damaged-¢oatings and the resulting corrosion can be affected by protective d

bilitation of

hnd length,

‘esponding
L0 years is
system or
Ik sections
lation and

bilitation.

ce of steel
protective
pro-active
urrent and

ocated from the earth’s surface, thus making it possible to assess the condition of mains without

ping.

rmationtin’the technical literature should be critically compared with empirical dat
ty’s direct experience.

Thd

age-related development of the failure rate significantly affects the service life of diffi

h from the

erent asset

types. Therefore, the estimation of the remaining service life for each asset type should

e verified

and compared with the age-related development of failures (assuming statistical data on long-term
failures are available). Care should be taken in this step to ensure that the available data sample meets
statistical analysis requirements.

In general, the following asset type data are required for a methodologically correct analysis in a
rehabilitation strategy context:

— failure data and age of the relevant asset;
— age-based existing asset lengths and numbers dating from the beginning of failure data recording.
Failures of assets already out of operation should also be included.
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Established trend or regression functions may be employed to describe the calculated age-related
progression of failures, to determine the service life and to forecast failure rate development. If
necessary, experts should be consulted for this failure statistics analysis (for an example, see Figure 6).

Y
/
2 N 3 1/
7
. 4
/1 A WS >
// -
/] atl
= BE
— —_—— -
6 7 X
Key
1  permisgible failure rate
2 increasp of annual failure rate of, for example, 3 %
3 averagg failure grade
4 increasp of annual failure rate of, for example, 1 %
5 spread pf failure grade
6  worst-dase scenario
7  best-cape scenario
X technicpl service life, in years
Y mean fjilure rate, in failures/km/year

Figure 6[— Example illustrating(service life derivation on the basis of alternative failure ragte
progressions (1 % and 3 %)

In the presence of insufficient data on current asset type failure rates and precluding statisflical
evaluation}, an annual age;related percentage increase of the current failure rate may be assumed. This
is an apprdximate referénce value assumed to occur if the asset type is not rehabilitated.

In such cages, orientation values of 1 % to 3 % annual increase in the current failure rates may be ysed
to calculate the service life scenario. The future development of a failure grade can be calculated with a
progression(f 1 %/a as the best-case scenario and a progression of 3 %/a as worst-case scenario. [Che
real scenario 15 il between the spread of both failure grades.

Service life ends and the asset should be rehabilitated when the actual failure rate permanently exceeds
the permissible failure rate. The permissible failure rate for a drinking water network should be defined
by the drinking water utility and/or agreed with relevant stakeholders as an accepted level of service.

Frequently, the risk assessment of individual mains forms the only basis for determining a rehabilitation
strategy for long-distance and transmission systems. Other factors such as condition of surrounding
soil, traffic load, operating pressure, and installation quality should also be considered. Furthermore,
the failure rates should be lower than those applying to distribution networks. In principle, however,
each pipeline system should be addressed separately with regard to the vulnerability against failure
as any failure can entail large-scale water supply interruptions resulting in substantial impact (e.g.
hazards to humans and property). By contrast, redundant long-distance and trunk mains do not pose
any increased risks and may be treated like mains within the network.
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If the available data do not permit a failure forecast, the pipe deterioration of the drinking water
network may, alternatively, be assessed on the basis of the estimated residual service life; see also

Annex B.
10.2.3 Determining the need for rehabilitation of physical infrastructure

10.2.3.1 General

The annual rehabilitation need depends largely on the service life expected for the individual asset

types. The following methods may be used to determine the required rehabilitation rates o

n the basis

of data available and the greater the level of detail. If a correspondingly detailed datarcol
ysis are available, the preferred method should be Method 3, in particular with a giew to
homic efficiency and planning safety (see Reference [17]).

of 3\6 data avallable (volume, quality, currentness). Results become more reliable the greatg

an
eco

10.2.3.2 Method 1: Direct asset type-specific derivation from service life

The
med
for

net
ava
of 5
resj

reciprocal of the expected service lives (and/or the residual service livesif little or no re}
isures have been taken so far) of the asset types concerned may be-used as a first app
determining the required annual rehabilitation rate. This is true particularly for drin
vorks that have grown homogenously over a long period of time), and for which no reliak
lable on age-related length distributions within the asset types. An expected asset type

pectively.

Taki
firs

ing into account all asset types within a drinking Water network, this is an easy way to
[ approximation, the required long-term rehabilitation rate for the entire drinking water

For|asset type-based technical service life experience, see example in Figure B.1.

10.2.3.3 Method 2: Derivation from technical service lives and age-related existing ass

br the body
ection and
enhancing

jabilitation
roximation
king water
le data are
service life

0 years or 100 years, for example, entails strategic rehabilitation rates of 2 % or 1 % jper annum,

derive as a
network.

pt lengths

Ifd
net
ste

hta on existing assets are availdble with reference to age and asset types within a dri

, the service life (see 10.2.2)0f the asset type concerned is assumed to apply to all indivi

Based on the individual year-of construction, the respective rehabilitation time frames can be
from the estimated end of their technical life. Taking into account all asset types within th
water network, the rehabilitation needs applicable to the entire drinking water network oy
termn are thus detérmined analogously to Method 1.

Whijle the rehabilitation rate can level out because the service lives assumed for the indivj
typps can pessibly overlap, the resulting overall rehabilitation rate generally shows volatilit}
to-year basis. It is therefore recommended to average the resulting rehabilitation rates ovel
10 years-in order to obtain stable values, always observing the asset type to which they pert

ing water

n|
vork, their rehabilitation needs over time can be determined as a first approximatiou{.(As a first

ual assets.

estimated
e drinking
er the long

idual asset
f on a year-
5 years or
ain.

10.2.3.4 Method 3: Derivation from mathematical distribution functions

In real life, it is not only the service life of a homogenous asset type that cannot be determined with
absolute certainty. Actual operating service lives of individual assets within an asset type also vary
within certain boundaries, depending on the factors affecting the system'’s condition. This fact may
be taken into account as well when devising rehabilitation strategies. By employing mathematical
distribution functions (e.g. Gaussian, Weibull, Herz distribution), the probable point of transition into
the projected poor condition (i.e. the end of the service life) can be calculated. This method ultimately
provides a more meaningful picture of required, long-term annual rehabilitation rates.

Commercially available software products and the corresponding necessary data are available and
may be employed to calculate service life margins and derive from this basis one or more of the above-
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mentioned probability distributions. This can help utilities to determine rehabilitation rates (see, as an
example for a pipe type-dependent grade of failure rate, Figure B.2).

10.2.4 Budgeting

The rehabilitation budget required to implement a rehabilitation strategy is generally determined by
the product of the annual rehabilitation rates and the respective asset lengths and numbers and the
specific cost estimates.

Cost estimates should be based on ut111ty—spec1f1c long- -term emp1r1ca1 data, as well as on any planned
changes in pipe ma ities
should likgwise be 1ncluded in the rehablhtatlon budget calculatlon As far as mains and in partlc hlar
trunk and| long-distance mains are concerned, reliable budgeting generally always pre-suppgses
individual pipe examinations.

Since a reljabilitation budget calculated in accordance with the method described ab6ve only coyers
the conditjon-based rehabilitation of a drinking water network, expenditures on tHisd-party indyced
replacement (in the absence of an urgent need for rehabilitation) should be addedte‘the rehabilitafion
strategy byidget. Such additions should be in the form of an average basic amguntbased on long-term
empirical data, unless covered by a separate budget. Any activities carried gutin the course of urgent
network optimization procedures, such as remedying current functional 'weaknesses in the drinking
water network, should be reflected by short-term rehabilitation budgetinereases.

10.3 Tactiical plan for rehabilitation of physical infrastructare (mid-term planning)

10.3.1 Risk-based evaluation approach

Reaching the rehabilitation objectives presupposes knowledge of the risks involved. With the excepfion
of quality problems (e.g. turbidity), which can have mahy different causes, the risk emanating from|the
drinking water network is generally derived from~the probability of pipe failure (and indirectly flso
from water losses) and the respective extent of the failure resulting in hazards to humans, third-pgrty
assets and|the environment. In addition, failufes in the supply quality, direct added costs and possdibly
the resultant negative public perception ofithe failure and the image of the utility should be taken |nto
account. The probability and the extenti{o which drinking water quality is affected can be derived ffom
customer domplaints, operating experience, measured values and pipe network simulations.

As far as thje rehabilitation strategy“is concerned, the aspect of risk can only be considered to a limjted
extent. The only feature that ean-be generally analysed and predicted in the technical evaluation of|the
rehabilitatjon strategy is the dévelopment of the asset type-related failure probability. If water logses
or turbidity can be clearly)attributed to individual pipe types (asset types) and not to individual [line
sections, these aspectsytoo, can be taken into account in the rehabilitation strategy. In rehabilitaion
planning apd rehabilitation measures, all influencing risk factors can be evaluated by reference to[the
location of|the individual assets.

All requirdments should be completely fulfilled and cannot be offset one agalnst another Low failure
rates do néteee AVeE aF ch—Th tion
means that there are pipe fallures Wthh have not yet been dlscovered probably due to unfavourable
soil conditions. Although increased inspection activities to reduce the water losses can help as a first
step to detect and to reduce the water losses locally, the only way in the long run of keeping network
failure rates, water losses and thus also the risks permanently low is a well-targeted rehabilitation
strategy for the pipe network.

For further information on a risk-based evaluation approach, see Annex C.

The tactical rehabilitation plan pursues the objective of implementing in the medium term, i.e. within
two years to five years, the rehabilitation rates determined by the rehabilitation strategy for the
individual asset types. The rehabilitation measures required for the task should be identified and
prioritized.
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The prioritization criterion should be the risk emanating from hazards affecting a pipe section. This
risk results from the probability of occurrence and the extent of loss or failure.

The utility should define utility-specific evaluation criteria and an evaluation approach adequately
reflecting the selected criteria and producing evaluation results for each pipe section.

Risk assessment evaluation criteria can be subdivided into the following groups:
a) The probability of failure occurrence can be deduced from

1) the failure rate development in an individual section,

2) the failure rate development in the asset type (failure and/or empirical data),
3) other pipe condition data (e.g. corrosion, connection type, pipe coating),

4) ambient data (e.g. bedding, soil corrosiveness, stray currents, traffic load;6verbuildjng), and
5) knowledge about fluctuating pressure changes.

b) |The probability of occurrence of quality impairments can be deducédfrom
1) customer complaints,

2) operational experience,

3) measured values, and

4) calculations.

c) |The extent of loss or failure can be assessed with a view to

1) cost,

2) quality of supply (pressure, quantity, quality, availability),

3) hazards to persons and other assets (type of pipeline, location, distance from otHers’ assets
and traffic routes, dimension), and

4) utility’s image/public_perception.

Network evaluation restilts serve to assess the risk for each pipe section on the basis of pre-defined
criteria. The evaluation-results for the entire network or for individual network sections determine the
rehpbilitation prigrity’ranking of the pipe sections concerned. Risk can be expressed by a vari¢ty of units.

Figlire 7 illustfates the general process for network evaluation.

Evaluation criteri§> Risk assessment:> Priorities >

Figure 7 — Network evaluation process

10.3.2 Individual evaluation and prioritizing

An evaluation standard should be defined for the relevant criteria, e.g. in the form of points scored,
with negative evaluations scoring more points. Each criterion should be applied to each pipe section,
its final evaluation being attained by adding and/or multiplying the individual evaluation results. As
this step constitutes the most crucial procedure at this stage of the process, it should be prepared
and coordinated with due care. The mathematical combination of the individual evaluations should
correctly reflect the weighting of the criteria against each other. Sorting the evaluation results then
yields the priority ranking of the rehabilitation measures planned for the medium term.
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