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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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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 users in their service
areas. The assets (e.g. reservoirs, wells, treatment plants, pumping stations, underground pipes and
storage tanks) collectively form the physical infrastructure of drinking water utilities and are the
consequenge of the accumulated capital investments and operational expenditures on maintendnce
and rehabl{litation over many years. In many of these utilities, the replacement value of thesejpast
investments will amount to many millions (even billions) of US dollars depending on the size of|the
community served. The infrastructure represents a major societal investment in essential servjces
contributing to public health and the protection of the environment.

In many countries, these assets have been identified as critical infrastructure and priograms are in pjace
to ensure their protection or their sustainability. Like many other organizations with assets, drinking
water utilifies undertake programs of activities to manage the assets to ensure-they continue to npeet
the needs ¢f the community for reliable delivery of drinking water. These manhagement activities cap be
at the stratlegic, tactical or operational level. The activities can be part of 4 formal management system,
the result [of specific legislative requirements, or simply the result-of due diligence by the seryice
operators and managers.

This docurhent can serve as a supporting document for utilities.operating an asset management sysfem
regardless|of whether or not the utilities make use of any management system standard, for exanmple
ISO 55001.

In many ¢ountries there is a recognized sustainability problem, sometimes referred to as |the
infrastrucfure gap, which recognizes that, for yarious reasons, the infrastructure has not Heen
maintained over the years on a truly sustainable basis, i.e. funding and implementation of rehabilitation
programs have been postponed, with a focus instead on short-term repairs or an allowed decreasfe in
the level off service provided.

The condition of water infrastructures\greatly influences the adequacy of the drinking water seryice
from the agpects of quality, quantity, pressure, safety, reliability, environmental impact, sustainabillity,
degree of freatment and efficiency.Drinking water system condition-based rehabilitation approaghes
serve to mget these requirements with a focus on a holistic approach of condition-based, risk-orierted
maintenange.

As the insftallation and)development of water assets matures, the optimization of drinking whater
infrastrucfure will bécome necessary in many places in order to compensate for ageing and wear pnd
tear, and t¢g respond.to changing societal and economic conditions. Consequently, water infrastrucfure
assets are(subject-not only to ageing and wear and tear but also to adaptation processes resulfing
from growth; new leglslatlve requlrements techmcal innovations or users changing serv1ce -level
expectatiop ] 1t] arion
but also to keep future requlrements and developments in mlnd Rehabllltatlon Wlll thus become
essential in the management of assets, with ever more stringent requirements on the design and
execution of 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) should
take place?

This document describes the information required and how to collect and process reliable inventory,
condition, operational and context data about technical assets of drinking water systems, including
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failures. These data should be the basis for a systematic management of assets and can be used for
benchmarking purposes. A reliable database that supports analysis of failures and of operational
data (including a description of the condition of facilities or units) is of particular significance when
establishing a risk-based investigation to determine maintenance and rehabilitation priorities.

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

The usual and expected goal in the effective management of assets is to provide an appropriate service

life
Thi

while fulfilling given requirements in a cost-effective manner.

5 document is intended to provide guidance on the assets typically owned or operated |

water utilities (waterworks - including collection, treatment, pumping and storage) that ar

ton

Add
An

con
reh

neet users' needs and expectations over longer (multi-generational) periods.

y drinking
e expected

itional information on objectives for management of assets of waterworks‘is provided in Annex A.

butline of the content of a drinking water master plan is provided in Annex B. Examples o
dition and operational data are provided in Annex C. Methods for\the risk-based ass¢
hbilitation are shown in Annex D.

finventory,
ssment for
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Guidelines for the management of assets of water supply
and wastewater systems —

Part 2:
Waterworks

1
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waterworks or in the drinking water distribution network.
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(drinking water systems) that in parts are expected t&meet users’ needs and expectations

(my
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watler systems.
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Scope

5 document specifies guidelines for technical aspects, tools and good practices fot the m
ssets of waterworks to maintain value from existing assets. This document. includes th
bt types: treatment plants, sludge treatment facilities, pumping stations) reservoirs,
ng equipment, metering and ancillary infrastructure irrespective of ‘where they are s

further guidance on drinking water distribution networks see IS0 24516-1.

E1 The management of transmission mains is addressed 4n,ISO 24516-1 irrespective of ¥
ts are sited in the drinking water system.

5 document is focused on the assets typically owned or operated by drinking wat]

Iti-generational) periods.

5 document includes examples of goodsPractice approaches on the strategic, tg
rational levels.

5 document is applicable to all typestand sizes of organization and/or utilities operatin

E2 Depending on the size and structure of an organization, the utility can decide to what exte
buidance in this document. [i'any case, the philosophy of this document remains applicable even
ium utilities.

E3  This includesCall"different roles/functions for the management of assets within a utilit
er/responsible badyrasset manager/operator, service provider/operator).
Normative references

following documents are referred to in the text in such a way that some or all of th
stitutes requirements of this document. For dated references, only the edition cited g

un

hnagement
e following
tanks and
ted, in the

vhere these

er utilities
pver longer

ctical and

g drinking

nt it applies
fo small and

y (e.g. asset

pir content
pplies. For

ated rnfnrnnrnc’ the latest edition of the referenced document (inr‘]nr]ing any amendmen

s) applies.

ISO 24513, Service activities relating to drinking water supply, wastewater and stormwater systems —
Vocabulary

3

For

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 24513 apply.

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

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

IEC Electropedia: available at http://www.electropedia.org/
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4 Principle aspects of the management of assets

4.1 Objectives and requirements

4.1.1 Objectives

The key generic objectives for the management of assets of drinking water systems are identified from

[SO 24510

protec

prom
prom

protec

Drinking w
sustain thq
and foreca

conforms fo an agreed and sustainable level of service, while“also exerting a major influence or

economic
of service s
drinking W

Setting obiectives for the management of assets should help to.ensure that the drinking water ut

For furthej

4.1.2 Fu
Functional

Functional
wells and 1
the water

via drinkingg water distribufion networks (pumping again as necessary). A variety of equipment

facilities st
to ensure ¢
respect of

meetinjg users’ reasonable needs and expectations;

providling services in standard and emergency situations;

and ISO 24512 as:

tion of public health;

ing the sustainability of the drinking water utility;
ing sustainable development of the community;
tion of the environment.

rater utilities should aim to manage their facilities systematically and efficiently in orde

sting of the condition of their often extensive and complex facilities.

erformance and taking into account risks to th& achievement of those objectives. The |
hould be well defined, communicated, tied to ¥isk, and current as customized to a partic
ater utility.

information on objectives of the management of assets of waterworks see Annex A.

nctional requirements
requirements should be established to aid the achievement of the objectives.

requirements of a drinking water utility cover the acquiring of water (from catchme
ivers), transmitting (pumping as necessary) and storing water prior to treatment, trea
fo a drinking water’standard, storing the water prior to (and onward within) distribu

pport the mainfunctionalities and are also subject to management of their associated as
ustainabléjaccess to drinking water. The functional requirements should be considere

r to

ir function. This takes place on the basis of clearly defined ©bjectives, based on assessnpent

lity

its
pvel
1lar

nts,
[ing
[ion
and
sets
1 in

'he whole drinking water system to ensure that additions or modifications to the systenp do
not result in failure to meet the target(s).

Functional

requirements should be established that, while taking into account sustainable developnjent

and whole-life costs, including indirect costs (e.g. traffic congestion, military aid provided by the
civil authorities), ensure that the drinking water system does not cause unacceptable environmental

nuisance, r

isk to public health, or risk to personnel working therein.

Each functional requirement can relate to more than one objective. An indication of the relevance of

each of the

functional requirements to achieving the objectives is shown in Table 1.

© ISO 2019 - All rights rese

rved


https://standardsiso.com/api/?name=419fecb98b0bc290eae7ce2bdfa0d2ab

Table 1 — Relationship between objectives and functional requirements
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Functional Objectives
requirements Protection | Meeting users’ | Protection of Providing Promoting the Promoting Protection of
of public reasonable occupational services in sustainability sustainable the environ-
health and needs and healthand |standardand | of the drinking | development of ment
safety expectations safety emergency water utility | the community
situations
Control of water XXX XX XXX XXX XX XXX XX
quality param-
eters
Ensuring drink- XXX XXX XX XX XX X XX
ing fvater quality
Continuity of XXX XXX — XXX XXX XXX X
serylice
Ensyiring ade- XXX XXX X XX XX & X
quafe pressure
Maiptainability XX X XXX XX XX XX XX
Proyiding service XXX XXX X XXX XXX — XXX
in eergency
situptions
Suithbility of XXX XXX XX XX XXX X X
products and
matprials for
drinking water
Susfainability — XX — XX XXX XX
of pfoducts and
matprials
Sustfainable use — X — XX XXX XX
of eergy
Long design life X XX X XX XXX XXX
of agsets
Min|mizing of XX X X X XXX XXX
failyres
Preyention of XX X X X X X
noise
NOTE The number of Xs gives guidance on the importance of the requirement in achieving the objectives.

4.1{3 Performance requirements

In grder to evaluate the(performance of the waterworks and to allow development of design criteria,
measurable performance requirements should be determined from each functional requirerent.

For|each functiorfall requirement, there can be legal requirements, public expectations anld financial
conktraints which should influence the performance requirements. Public expectations|should be
reflected in€hg level of service set by the utility to provide to its users.

Forleach @spect of performance, different levels can be required, for example:

action qceardinag to nriarityg.
SR EcCoFatRE+to-PpPHeTYs

a) triaaar lavale vhic aarlvy unarad
TS 5t TV Vv I ot

1
Ty Yoy upgto

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.

Performance requirements should be reviewed periodically and updated if necessary. The performance
requirements for the drinking water system should be updated after major extension, maintenance or
rehabilitation.

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

Performance indicators are essential tools for the understanding of the actual and desired performance
of the infrastructure of a drinking water utility and in parallel, enable indicator-supported
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infrastructure planning and decision-making. Reasonably designed and applied, performance
indicators provide information about the condition of the assets and the level of their contribution to
the achievement of the objectives of a drinking water utility.

Performan

deman

tactica

ce indicators should be defined at strategic, tactical and operational levels, for example:

d;

|: meeting peak consumption;

strategic: conformity of drinking water quality with given requirements, meeting future water

operat

They shou
objectives.
tactical-ley

4.2 Gen

4.2.1 Ge
In manage

the wi

that oy

The forme
part of ens

The latter

needs

safew
the m3

financ

4.2.2 Pr

The manag
activity in

attentjon to stakeholder (e.g. users, operatoryrelevant authorities, responsible bodies) requiremg

sustaipability of the asset system and the provided service;

4 1 £ ol 3 1 | 3
OTTaT. ST OT CIICTIC arsaITa CIICT gy PCT T

d make clear how actions at the operational level contribute to achieving strategie-1
Strategic-level performance indicators are often called “outcomes” while operational-
el performance indicators are called “inputs” “and outputs”, respectively.

eral aspects

neral

ment of assets a distinction can be made between two principalfocal points:
er drinking water utility or responsible body in question;

ganization's drinking water system to be managed.

- could include, for example: strategic financial,réputational and non-operational asset
uring the drinking water utility's overall objectives are met.

hould take into account:

hnd expectations;

hter quality;
nagement of risk;

al stability of the-utility.

ncipal aspeets — Drinking water utilities

rfement of the physical infrastructure of drinking water utilities is recognized as a crit
realizing users’ and other stakeholders’ expectations. Key activities include:

bvel
and

S as

nts,

ical

the de

Lermination oI the utility’s current and longer-term objectives;

planning and implementing activities to achieve objectives;
the prediction of future water demand as an additional basis for rehabilitation;

the means of measuring the performance of the utility in meeting these objectives.

The management of the utility’s assets should be directed towards ensuring the utility’s objectives

are met.

Additionally, for ensuring long and economic life cycles, proper operation and stable water service, the

manageme

nt should include:

— knowledge of the layout of the entire drinking water system;

4
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knowledge of the entire drinking water system together with knowledge of costs
constructing, operation, maintenance and decommissioning);

knowledge of availability and need of resources;
the selection of appropriate materials and components;

the choice of installation technologies and installation contractors;

(planning,

quality control of technologies, facilities, materials used and both source and drinking water;

nt-related

Effi

Ma

4.2

The
infn]

maintenance of the drinking water system and its assets in(‘lnding routine and incid
inspection and investigation;

monitoring of operating conditions.

cient management of assets ensures a continuous provision of the level of sefjzice as def

driIking water utility to meet users’ and wider stakeholders’ expectations and minimize life

agement of the assets includes:

education and training of the personnel to achieve relevant competences;
maintaining an up-to-date drinking water system inventory;

monitoring and documenting of data;

assessing the condition of the drinking water systef;

planning, maintaining or rehabilitating the drinking water system;

ned by the
Cycle costs.

operation of the drinking water system in@manner that increases service life while maintaining

the agreed level of service;
optimizing life cycle costs;
identifying and managing risk;
ensuring proper operation;

ensuring stable water-service by taking into account the timing and duration
rehabilitation works;

considering the.environment in which the assets are functioning.

3 Principal aspects — Drinking water systems

management of assets of drinking water systems should cover the complete drin
astructure and the 1nterre1at10nsh1p between asset types and 1nd1v1dual assets (e.g.

catd

of various

kKing water
assets for

ing water

quality. In addltlon the management of assets should con51der changes in needs and expectations/
requirements of users and other stakeholders, change in behaviour of water users and usage of water
as well as environmental effects such as climate conditions, consumption of resources, population
migrations, and demography as far as data are or can be made available. This can be laid down in a
drinking water master plan which can be a stand-alone document or captured within the strategic
plan. See also an outline of the content of a drinking water master plan in Annex B.

Hence, this document should be used in conjunction with other standards regarding management of
assets of drinking water systems, such as ISO 24516-1.
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Drinking water systems are used to provide a service to users and communities. This can be bri
(and typically) described as:

— delivery of safe drinking water of the required/agreed quality;

efly

— supporting fire brigades with water for fire fighting if possible (depending on local regulations).

In general, a drinking water system comprises the following potential functions:
— water source;

— intakeand transpart:

— treatn]ent and pumping, if necessary, and, if appropriate, disposal of residues;
— storagg, transport and distribution;

— monitgring of water quality at all relevant stages in the waterworks and in the\drinking w
network.

4.2.4 Integrating the principal aspects

Management of assets is the application of the drinking water utility’s management of asset princiy
as describ¢d in this document, within the management of the drinking water system, comprising
waterworHs and drinking water distribution networks, see 4.4.1.

4.3 RisKs and life cycle aspects

4.3.1 Risk

Risk considerations are necessary at all levels in the‘'management of assets — the strategic, the tact
and the opgrational levels.

Appropriafe treatment of risks arising withinrthe context of an organization is an important objec

hter

les,
the

ical

tive

in the manpgement of that organization’s assets. Risk treatment is typically done by the modification of

existing rigk controls or introduction of new ones. Selection of the most appropriate risk controls sh
result from a process of assessing @rganizational hazards (e.g. arising from an asset’s positionin

uld
b or

failure). Agpropriate countermeasupes can then be introduced in a prioritized manner. Such meas
can includg¢ operation, maintenange, extension and disposal activities, as well as rehabilitation.

There are|many alternative) techniques for identifying, analysing, evaluating and treating ris
different flelds (see [EC\31010, and the water-sector-specific EN 15975-2). The risk assess

methodology proposediin this document is based on generally recognized risk-assessment princi
(e.g. 1SO 31000).

These pringiplesdnvolve:

— risk identifieation

— risk analysis;

— risk evaluation;

— risk control.

NOTE Risk control can include risk treatment and risk mitigation.

Hazard analysis involves study of a risk event’s occurrence and the likelihood that an event can oc

res

in
ent
bles

cur.

The drinking water utility should define its utility-specific risk analysis approach and criteria for risk
evaluation, based on organizational objectives, and external and internal contexts. Risk criteria should
be determined in terms of the same dimensions as the parameters used in the risk analysis. The order

of priority for inspection/survey plans should be determined by risk evaluation (which considers

the
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significance of each risk relative to all the risks under consideration). Typically, this comparison is
conducted by comparing the ‘scores’ of individual risks (the product of a risk’s impact x likelihood ratings
against the organization’s risk criteria) — using a risk matrix to present the results. Systematically
monetizing the impact of individual risks can aid overall risk prioritization.

The evaluation of measures to address (prevent/reduce) the impact and/or likelihood of the occurrence
of individual risks should be carried out by comparing the effectiveness of individual risk treatment
measures and their related costs, practicability and acceptability to stakeholders. The outcome of
this evaluation process can feed into a wider decision-making process utilizing cost-benefit-analysis
techniques, see 7.3.

Dri
a)

b)

Thd

hking-water-related asset risks can be categorized into the following two groups:

non influenceable risks, such as natural disasters (e.g. earthquakes, storms, fleods) of economic

situations;

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

malfunction or malicious interference with assets.

following are a few examples of asset data relevant for assessing impact (of failures):
sizing;

operating pressure;

function;

access constraints;

proximity to other significant assets, infrastructure or areas;

rehabilitation cost.

following are examples of data reponts televant for assessing likelihood (of failures):
abnormalities of hygiene;

exceedance of parametric values;

maintenance;

telemetry;

employees' feedback;

incidents;

condition;

stakeholders’ complaints,

4.3.

security;
social behaviour;

environmental influences.

2 Life cycle

Life cycle cost should be minimized by keeping the drinking water system in a stable operating
condition as stated in the objectives.
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This should include:

— optimi

zed maintenance planning;

— waterworks investigation/inspection at regular intervals;

— use of suitable construction methods and durable material;

— co-operation with other services or contractors;

— energy management;

— optimi
— propey
— efficie

if nece
utility

zed stand-by service;
control of operational processes;

it deployment of staff and accomplishment of tasks (by qualified and/or certified €ontract]
ssary), while retaining core competences (e.g. organizational, operational, technical) in

— participation in benchmarking projects;

— deman

For examp
of the bud
rehabilitat
shortened

d-based “materials management” and control (procurement andistock keeping).

e, to rehabilitate facilities, the priority of the project shouldbe determined in the framew
get while aiming to minimize the life cycle cost of €ach asset. To avoid simultane
on and equalize rehabilitation cost, the service life ofisome assets should be prolonge
by advancing or delaying rehabilitation measures.

4.4 Structuring the process for the management'of assets

441 Ge

Integrated
existing ar
ensure thg
specified p

neral

management of assets in waterworks is the process of achieving an understanding off
d proposed drinking water sysfem, and of using this information to develop strategie|
t the hydraulic, structural, process engineering and operational performance meets
erformance requirements, taking into account future conditions and efficiency.

Investigation
(see Clause 5)

Objectives and
performance requirements
(see Clause 4 and Annex A)

Assessment
(see Clause 6)

ors,
the

ork
ous
1 or

the
5 to
the

Planning

(see Clause 7)

Implementation
(see Clause 8 and 10.4)

Figure 1 — Integrated waterworks management process

The integrated waterworks management process as shown in Figure 1 has four principal activities:

— anapp

ropriate level of investigation of all aspects of the performance of the waterworks;
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— assessment of the performance by comparison with the performance requirements, including
identification of the reasons for the performance failures;

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

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

Integrated waterworks management forms the basis for the operation, maintenance and rehabilitation
of the—waterworks—The—informs ton—she be—treglar e—fature—mana sement of the

For|large waterworks, for example serving a large city, an outline integrated waterworks mpnagement
plan can first be developed following an outline investigation of the whole system. More detailed plans
can|then be developed for each facility within the context of the strategic outline‘plan.

The integrated waterworks management plan should be further developedyduiring the impl¢mentation
phase by subsequent investigation, assessment and planning to develop work programmes and
ind{vidual projects to implement the plan.

The given 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 (4.1)
included in the drinking water master plan. The risksefhot achieving these objectives and reruirements
shopld be identified and managed appropriately. ‘Based on whichever of the two stratggies - the
condition-based (or inspection) strategy or theiincident-based (or failure) strategy - is fhosen, the
risKs can be estimated and controlled.

To Jncrease the likelihood of achieving-the objectives and requirements as stated in 4.1 tHe drinking
water infrastructure assets should bé\nianaged and maintained according to the conditioh-based or
inspection strategy(14].

A proactive inspection shouldfenable more efficiencies, though reactive and proactive mgintenance,
and will need to be appropriately balanced for a particular drinking water utility. A greater level of
profctivity and subsequent-ability to be more strategic and prioritized in rehabilitation shpuld help a
dripking water utility ¢o;be more capable of attaining its level of service, as measured by pgrformance
indjcators.

Thg condition-based (or inspection) strategy takes into account the development of th¢ condition
of the asset system and single assets and pursues a long-term approach. It warrants the efficient and
ecopomicaliuse of rehabilitation funds, although it cannot reduce overall rehabilitation and life cycle
costs overa defined long-term planning period, but can spread these costs out over a longdr term and
can|ayeid social costs. Costs depend on actual maintenance requirements.

Organizational constraints, continuance of existing practices or acceptance of the consequences
of low-impact risks can lead to use of an incident-based (or failure) strategy, which incurs lower
maintenance costs in the short term but can lead to disproportionately high costs in the long term.
Probable consequences can include inadequate operating safety margins, increased failure rates,
flooding, and premature loss of the existing structure and value of the infrastructure assets. The risk of
failures and inadequacies can be extremely high. An incident-based (or failure) strategy can usually
only be successful if the risk linked to the asset is low and will not be affected by an increased downtime
or deficiencies in the water quality.

Different boundary conditions per subject matter lead from the point of view of proportionality
inevitably to a differentiated application of the strategies.
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Fundamental prerequisites for economically efficient maintenance should be defined as early as
possible, including in the design and construction phases of the drinking water infrastructure.

Strategic planning of waterworks should intersect with the strategic planning for the development
of the drinking water network. Although there are technically very different requirements, they are
inherently closely coupled.

Drinking water systems are typically physical infrastructures with a very long useful life. Periods of
many decades should, as far as possible, be considered in the strategic planning.

An appropriate level of care should be exercised during planning on the strategic level due to the very
high levels[of investment in the drinking water system and the technical and financial implications of
subsequent adjustments.

4.4.3 Periods of planning

hable process for the management of assets is, on the basis of the planning period urjder

divided into the following three interdependent logical stepsl12] (see Figiu'e 2):

The sustai

review, sul
— long-tgrm planning (i.e. strategic planning);

mediu

n-term planning (i.e. tactical planning);
— short-lerm planning (i.e. operational planning).

NOTE The duration of the planning stages depends on local circunistances and the nature of the facilitigs or

componenty.

Common tijme horizons are:

— 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 projects and the rehabilitation budgets required to achieve and to maintain sufficjent
service quality and facility conditionlevels. It is based on an asset type approach, for example cerfain
asset (faciljty) types (e.g. pumps;filters, basins, reservoirs, coatings), but not on individual assets.
Strategic Plan > Tactical Plan > Operational Plar>
Increasing intensity of work and degree of detail
Figure 2 1— Logical steps for the implementation and evaluation of targets for the management

of assetsl[12]

Asset types should be taken into account in the “strategic planning” step. In the “tactical planning”
step, the required projects are determined and prioritized for a medium-term period based on an asset
evaluation. The technologies and material should be preselected. In the “operational planning” step, the
actual execution of the rehabilitation measures in terms of process, 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 planning 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 evaluation and measurement of these objectives[15]. Common activities
related to determining strategic objectives (see also 4.1) should include the following strategic
activities:

4.4
Act

establishing acceptable/required levels of service, public and occupational safety, public and

occupational health protection, environmental protection and user satisfaction;

expressing these levels in the form of performance indicators;

linking these performance indicators to asset performance indicators;

establishing adequate tariffs and billing coverage and recovery rates suitable.in timse
sustainable revenues;

quantifying sustainable and predictable infrastructure funding requirenients;

assessing capacity against future demands;

to ensure

establishing effective risk control measures and necessary levels.of resilience redundancy within

the entire drinking water system;

controlling costs.

5 Tactical-level activities

vities on a tactical level should include:

analysing infrastructure asset life cycles;

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

analysing reported information;

prioritizing infrastructure’spending from available funds;

maintaining an accurate asset data collection system;

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

contrelling costs;

preselection of process and rehabilitation technology and materials.

A major activity at the tactical level is the process of reviewing indicators to determine only productive,
and useful coherent information, in order to avoid overloading the information management process.
The information should be manageable and relevantl12].

4.4.

6 Operational-level activities

Activities on an operational level should include:

— collecting, monitoring and reporting asset operational information and condition, see Clause 5;

controlling costs;

planning preventive maintenance schedules[13];

© IS0 2019 - All rights reserved
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operat

5 Inve

implementing preventive and corrective maintenance activities;

ing the system within its operational parameters;

responding to incidents, asset failures and emergencies, and restoring service;
selection of process and rehabilitation technology and material;

implementation of rehabilitation projects.

ication
(=]

5.1 Gen

The invest
performan

Investigati

Damaged,
provision

Data about
and condit
database t
labelling sy

In addition
be done. T
groups, or

The proble
be designe
rehabilitat
causes can
investigati
document
location aj
with funct

bral

igation should be carried out in order to make an assessment of the condition and
ce of the waterworks and its components.

defective or incorrectly sized assets represent a potential hazard for drinking w
volume, pressure, quality, no continual supply).

age, period of operation, maintenance intervals and history-0f disorder support investiga
ion assessment. The results of the investigation shoudd ‘be backed up conveniently
b facilitate subsequent evaluations. The structure of the database should build on an a
rstem, which assigns a unique identification to each linportant asset.

to the assessment of the condition of assets, an ihyestigation of the relevant processes sh
his could, for example, be done on the basis'of individual performance tests of functi
bn the whole waterworks. These results shotrld be documented accordingly.

ms found in existing waterworks are frequently interrelated and upgrading works will o
d to overcome a number of problems at the same time. The investigation and plannin
on work should be carried out ©n*facilities and waterworks so that all problems and t
be considered together. In Jarge drinking water systems, it can be necessary to star
hg appropriate parts of the‘drinking water system. The procedures described in

can be applied in any waterworks, but detailed application should take account of the

d type of the drinking water system and the materials used in its construction, toget
onal and climatic facters.

5.2 Purpose of investigation

Investigati
condition g

pn shouldybe carried out in order to make an assessment of the performance and
f the waterworks and its components. This can include:

— invest1gation aimed at tactical planning;

the

bn is the first stage in the integrated management of assets of waterworks)as described in 4}4.1

hter

[ion
n a
Eset

uld
nal

ften
g of
heir
L by
this
hoe,
her

the

— investigation aimed at operational planning.

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

The assets of the waterworks included in the investigation should be those that are necessary to fulfil
the purpose of the investigation. Examples include wells, dams, treatment plants, pumping stations,
inspection chambers, metering chambers, service reservoirs, monitoring facilities and control facilities.
Data on assets of related drinking water distribution networks should also be taken into account in
regard to their interaction with waterworks, including their different facilities.

12

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=419fecb98b0bc290eae7ce2bdfa0d2ab

ISO 24516-2:2019(E)

5.3 Determine the scope of the investigation

Following the review of the current performance information it is possible to decide whether to carry
out an investigation and whether the extent of the problems justifies an investigation of all the facilities
of a waterworks or even the entire drinking water system. The extent and detail of the subsequent
investigation of the hydraulic, process technology, environmental, structural and operational aspects
should be determined.

Based on the technical expertise gained from these initial investigations the scope and format of
future investigations should be defined. The investigations should be formalized as far as possible and

conducted according to uniform criteria, and evaluated to ensure the comparability of the results.

5.4

5.4

An

dat
pun
cas
Sys

The

watlerworks and the interaction with other parts of the drinking water system. These de

sho

Hay
and|

inspection of the drinking water system.

5.4
The

Typiically, this process control system consists of hardware and software. The entire proc

Sys
link
ma
evi
sho

5.4

The
am

n
:Ilence of conformity with all IT security requirements. The results of these studies an

Types of investigation

1 Hydraulic investigation

nvestigation of hydraulics or process technique should ideally be madé.on the basis o
h from the construction of the asset and updated on the actual status,, The interactio
\ping stations, treatment plants, storage reservoirs and the network.should be consider
s, especially for larger assets, a simulation model may be required to understand th
em or the treatment plant.

results of the hydraulic investigation can influence the operational and process manage

11d be taken into consideration.

ing identified possible causes of error it is often'necessary to confirm these by site
then adjust the model accordingly. Data should hot be modified without justification b

2 Investigation of the process technique

electrical and mechanical equipment in waterworks can be controlled by a process cont|

em should be monitored regarding interfaces with other IT systems or external com
s, and non-conformities ‘investigated. The aim is to establish the existence, or not,
tenance regime, a patech’ management process, a complete and current set of documer

1ld be documented.as well as every subsequent change in the process control system.

3 Structural investigation

structural investigation can include either a complete survey of the structures of the wat
preselective approach in order to avoid duplication of previous works. In particular, inv]

of,
can

f inventory
n between
bd. In some
e hydraulic

ment of the
bendencies

inspection
hsed on an

rol system.
bss control
munication
f a proper
tation and
1l activities

erworks or
pstigations
in focus. It

Cexample, wells, dams, storage reservoirs, filter basins and other buildings should be

1sideration

should be given to the age and location of existing infrastructure, geotechnical data and the vulnerability
of existing facilities.

Where appropriate, other qualitative and quantitative investigation techniques can be used. These
include laboratory analysis and field condition assessment to identify the integrity and remaining
strength of a component.

5.4.4 Operational investigation

Existing operational procedures, inspection schedules and maintenance plans should be identified and
documented.
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The frequency and location of recorded operational incidents (e.g. loss of pressure, pumping station
failures, process interruptions) should be reviewed.

The impact of operational problems on the hydraulic and structural performance of the waterworks
should be determined from incident records.

The causes of significant recurrent operational incidents should be investigated.

Control system technologies (e.g. performance measurement, vibration measurement, efficiency
determination) enable operators to evaluate more complex causes of failures through trend analysis,
providing an opportunity to assess interactions among the asset types. It applies in particular with
pes

and

— locatidn of assets;

— condit]jon of assets;

— cause @nd location of failures;

— consuinption of energy;

— quality of construction or repair of structural and technical equipment;
— leakages.

Operationdl investigation techniques available include:

— diversg electronic sensors;

— closed|circuit TV (CCTV) inspection of wells and pipelines;
— flow and pressure metering;

— sampling and analysis;

— leak monitoring.

Irrespectiye of the strategy and’the methods used, drinking water infrastructure assets should be
monitoredfon a permanentdasis and their components and operating equipment should be maintained
and inspe¢ted regularly. for their operating condition and functionality and in accordance with
functional psset requirements.

Even after fommissioning of the drinking water infrastructure assets a routine monitoring of the levgl of
service, anfl particularly an inspection of the age-related conditions of the assets and their maintenapce,
should be qtarted. The designer and/or the owner or operator should specify the nature and frequgncy
of the mairrterramceamd-irspectiomrof theassetsystenrorsingte assetstE2tHcomditiomrdatabased on
routine inspection are not available, all other available data based on condition assessment should be
used[13].

A sufficient and reliable database on water infrastructure asset inventory and asset condition is
indispensable for maintenance, including strategy, planning and implementation. It is based on the
qualified and quality-assured collection, processing, evaluation and storage of asset-related data. All
maintenance data, especially inspections, should therefore be recorded and documented.

Measurable condition data give decision-makers the ability to see more clearly the consequences
of their decisions and to avoid the many pitfalls that result from making funding decisions with an
incomplete understanding of their infrastructure assets and needs. Without such understanding,
operational problems can subsequently arise in the various components of the waterworks.

14 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=419fecb98b0bc290eae7ce2bdfa0d2ab

ISO 24516-2:2019(E)

5.5 Data collection

5.5.1 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. 5.5 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 processl[13l. 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.

Where there is insufficient information at first the inventory should be updated where reqguiged and any
other information should then be collected during the hydraulic, process technology; envifonmental,
stryctural and operational investigations.

5.5/2 Datarequirements

The quality of data should be assessed, taking into account whether it is:
— |complete;

— |compatible;

— |accurate;

— |at asuitable scale;

— |consistent;

— |current;

— |credible.

5.5{3 Inventory data

Invéntory data provide essentiahtéchnical information on the assets within a waterworkg. Table C.1
givés examples of inventory data.

5.5/4 Condition data

5.5/4.1 Failuredata

Failure dataprovide information on failures found in aggregates of components of waterworks and are
linKed to inventory data. The following data should be collected:

— |date of documentation, after final remedy;

— date of failure occurrence, if known;

— location (e.g. asset identification number, location);

— point of failure;

— type of failure;

— cause of failure (e.g. ageing, damage due to others’ construction works);
— type of remedy (repair, renovation, replacement);

— costs of eliminating failure;
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— cost of putting back into operation and cost of temporary remedy;

— consequence(s) of failure (e.g. exceeding parametric values, loss of pressure, interruption of the
treatment process or service).

For the determination and diagnosis of failures, uniform assessment criteria should be used and
executed by well-trained personnel. See also Table C.2.

5.5.4.2 Further condition data

In addition to failure data, more information on the condition of facilities and components of waterworks
should be 4cquired as it provides valuable information on the prioritization of rehabilitation measufes.

The availability of condition data on waterworks can be limited, because the data collection of\condifion
data differy fundamentally from the collection of inventory and failure data.

The followfng data should be collected, if they are obtainable and appropriately describethe condifion
of the assets:

— date of condition data collection;

— definitliion of the assets' respective technical facilities (e.g. coordinates;part of the asset);

— identiffication and plausibility information (e.g. water quality, matetial, coating, flow velocity);
— conditjon/failure (e.g. temperature of bearings, efficiency of pumps or motors);

— operatiing pressure fluctuations (minimum and maximumpyalues);

— ambient temperature;

— operatfional incidents;

— contexit data.

Context dafa, for example differing source(water quality within the catchment area, electricity supply,
condition pf the surface water body, earth movements/mining activities or topography, proyide
technical ipformation about the localstirroundings of drinking water systems, which should be factqred
into the rigk-assessment process. See-also Table C.2.

5.5.5 Operational data

In addition to the data mentioned in 5.5.1 to 5.5.4, operational data (e.g. hours of operation of an agset,
changes infflow rate orpressure) should be acquired, as it provides valuable information on the facilities
and compodnents and on the prioritization of rehabilitation measures. See Table C.3.

5.6 Dat3 régistering and data assignment

5.6.1 Dataregistering

The data to be registered as defined in 5.5 should be compiled, integrated, processed and safely stored
and readily recoverable by the utility. The stored data should be checked and updated periodically or
appropriately. They form the basis for developing maintenance plans and strategies.

The data collection process itself determines the value of the data for asset maintenance. The data
should relate to the asset inventory (see 5.5.3, 5.5.4 and examples in Annex C). The data’s value increases
in line with their quantity and quality registered and with the possibility to assign individual pieces of
data to the respective drinking water system under consideration.

Table C.1 applies to the inventory data which should be registered, Table C.2 applies to failure and other
condition data and Table C.3 applies to operational data which should also be registered. Data collection
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should be comprehensive, uniform, continuous and free from interpretation, and based on previously
and unambiguously defined default values (“multiple choice”). Free text should be avoided because it
offers only limited evaluation possibilities.

Data collection can 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

ino

ne place for a given drinking water system.

5.6.2 Data assignment
All inventory condition and context data registered should he correctly assigned ta the associated
ass¢t types (e.g. electro-technical equipment, pumps, basins, filters) and/or individual assetg. Likewise,

fail
sho

maijntenance.

Inv
dep)

5.6

Using the above-mentioned databases for medium- and short-termrehabilitation planning ¢

loca

ire data (e.g. ageing, fatigue, damage caused by other processes or equipment, pootr ma
1ld be registered in such a way as to enable the retroactive elimination of events not 1

entory, condition and context data can be used for devising rehabilitation strategies g
ending on the asset to which they are assigned.

3 Locational referencing

Capfturing data [e.g. in geographic information syst&m (GIS), process and instrumentati
conjputerized maintenance management system, (EMMS), flow sheet, enterprise-resourd
(ER[P), asset information systems] is recommended for processing and using maintenance-re
Reference to individual assets should be preserved even when decommissioned assets h

to
reh
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sho
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rm part of a current facility. Histori¢al data also supply important information for
hbilitation strategy.

Review existing information

collection and review of(all available relevant information about the waterworks’ asse
hld be carried out and is.the basis from which all other activities are subsequently plann

view should also be“undertaken of the information required to manage the waterworks.

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

Inventory update

brethe inventory is incomplete it should be updated so that a sufficient record of the wat

intenance)
elevant for

nd tactics,

an require

tional referencing and the unambiguous assignment of<data records to their associated assets.
Using selective locational referencing, condition and context data can provide important i
wheén defining a rehabilitation strategy.

hformation

bn (P & 1),
e-planning
lated data.
hve ceased
devising a

[ inventory
bd.

n order to

erworks is

available to carry out the investigation.

NOTE

and

The update of the other information is included in the hydraulic, procedural, environmenta
operational investigations.

], structural

Ataminimum, each asset should be assigned a unique identification number. Formulating a hierarchical
structure in the data is also helpful for information retrieval, analysis and reporting needs. Asset
data attributes should be captured for each asset together with their source (e.g. design documents,
information system). Mapping the data workflows among their sources and recipients can enable better
functionality, efficiency and quality.
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5.9 Review of performance information

An indication of the type of performance problems, if any, on existing drinking water systems is likely
to be known through reports of incidents. These can include breakdown or malfunction of machines
or valves; loss of pressure; deterioration of drinking water quality (exceeding limit or guidance values)
within the treatment process or drinking water network. Data on such problems can be gathered from
online monitoring, previous investigations or users’ complaints. Records of past incidents and any
other relevant information should be brought together and a detailed review should be carried out to
establish the scope of the investigations.

Examples of other such information include:

— hydraulic performance analysis;

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

— resultg of monitoring performance and condition.

Where several waterworks or treatment steps are in need of investigation, thefeXisting information
collected can also be used to assign priorities to the investigation of the perceived problems in gach
service ar¢a (for example by comparing the cost of the investigation with the benefit that might be
achieved). [These priorities can then be used to draw up a comprehensive program with the intentiop to
investigatd facilities with the most serious projected problems or risksfirst.

5.10 Planning of investigation

The follow|ng should be evaluated for design of the survey work:

— targetffacilities and period for investigation;

— determination of type and extent of survey (see 5.4);

— suitable survey method, items, standards;

— estimdted cost.

The medium-term plans should be based on the total work amount mentioned in the long-term suivey
plan. Target facilities and the execufion period for medium-term survey plans should be decided
according fo the priority order based on risk assessment.

5.11 Performance testing

The performance of assets in waterworks should be tested and assessed during construction, at|the
completion] of the construction stage and also during the operational life of the drinking water systfem.
The follow|ng aresexamples of applicable test methods:

— efficiencies of pumps, function and watertightness of valves;

— visual inspection;

hydraulic performance;

monitoring of equipment or process availability over the time in question;

beyond the design limit;

18

monitoring of the water quality input to the treatment plant and at various treatment steps;
monitoring the drinking water quality;

flow measurement.

water quality measurement under different load conditions until going to the peak load, possibly
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The scope of the tests and the methodologies to be undertaken to determine the performance of
waterworks depend on whether it is a new asset, a long-established asset or a rehabilitated asset.

The effectiveness of maintenance should be assessed using the tests or methodologies applied (see 9.3).
In the case of a condition-based strategy the equipment availability can be used as an assessment. Using
the reactive maintenance strategy, target response times can be used as an assessment. This also forms
the basis for future planning.

6 Assessment

6.1 Process

Onde the drinking water system has been inspected, the next stage is to examine the‘results to identify
thoge areas requiring action.

The performance of the drinking water system should be assessed against the pdrformance
reqpirements (see 4.1.3). The performance assessment should include theevaluation of risis of failure

to ajchieve the performance requirements(3l].
FigEIre 3 shows the process of assessment.

Results of investigation

Assess condition’and deficiencies

Compare with performance requirements

Identify deficiencies

Identify the causes of performance
deficiencies

Planning

Figure 3 — Process of assessment

6.2 Assessment of hydraulic and drinking water quality performance

Based on the results of the investigation of the processes, the performance of the drinking water
system should be assessed with regard to the requirements for the maximum required power demand.
This should consider peak hour, day and year requirements depending upon the design of the total
supply (if necessary) and also for the minimum necessary supply. The resilience for normal operation
should be safeguarded by the necessary security and redundancy arrangements in accordance with
risk management principles.
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The results of the hydraulic and water quality surveys and/or the verified flow simulation model and
the treatment process simulation model should be used to assess the hydraulic and water quality
performance of the waterworks related to the performance requirements for peak flow and, if
appropriate, for firefighting conditions.

6.3 Assessment of process performance

The treatment and pumping process performance of a waterworks should be monitored by both
manual and online methods for determining the quality of source and finished drinking water. Where
it is appropriate, water quality after specific treatment steps should be monitored to facilitate the
determinatiomrofthesource of deviationms fronrthe target vatues:

Deviations|from the required performance should be evaluated and, after taking future requireménts
into consideration, can serve as a basis for improvement measures.

6.4 Assdssment of structural condition

Further crjteria are relevant for the assessment of the structural condition of waterworks such as
operational availability, stability, protection of the equipment against envirgnmental influences, flood
protectionfand flood control, lightning protection, fire protection and escape routes, and protection
against unputhorized access.

6.5 Assgssment of operational performance

The operatfional performance of the waterworks can be assessed'by a number of measures. For exanlple,
the numbdr of operational incidents or failures occurring. Wwithin a given time period. Performgdnce
should be jjecorded in a database.

6.6 Comparison with performance requirements

The resultf of the assessment of the hydrauljej-procedural, structural and operational performgnce
should be brought together so that the overallperformance of the waterworks and its components|can
be compargd with the performance requirements (see 4.1.3).

Performange indicators are a methed of comparing the overall performance of a waterworks With
performanice requirements and fof’ ¢comparing different treatment plants. They can also be used fs a
basis for b¢nchmarking purposesy(see ISO 24523). Any performance indicators used should be:

— clearlyldefined, concisezand unambiguous;
— verifiaple;
— simpleland easyto use;

— tied to|level of service.

6.7 Identification of unacceptable impacts

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

6.8 Identification of causes of performance deficiencies

Based upon the results of the hydraulic, procedural, structural and operational investigations, the
causes of performance deficiencies should be determined. The relative impact and likelihood of a risk
event resulting from each cause should be assessed against the drinking water utility’s risk criteria in
order to develop appropriate solutions and to set the priority for action.
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7.1 General
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The process of planning to fulfil the performance requirements is outlined in Figure 4.

Results of assessment
(see Clause 6)

7.2

Develop integrated solutions

pevelop Integrated solutions

Assess feasibility of solutions

Select optimal solution

Prepare action plan

Implementation
(see Clause'8)

Figure 4 —'Process of planning

Intggrated solutions should be developed that fulfil the performance requirements, taking ifito account

risK

considerations and expected future conditions. Various solutions that can be used for |
rehpbilitation are listed in Table 2 by type and options.

Table 2 — Solution types and options for rehabilitation

blanning of

Type

Options

Hydraulic

Optimize use of existing flow capacity

Adjust diameters and pipe-wall friction characteristics to water demand and pressyre

Increase the waterworks' flow capacity (e.g. by replacement impellers of aged pumg]s)

Attenuate peak flows

Exercise flow control (reduce output by using storage volume of reservoirs in the network)

NOTE This listis not exhaustive.
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Table 2 (continued)

Type

Options

Procedural

Adjust capacities and ensure effective assurance of water quality

Optimize energy use, improve efficiency, reduce COz emission

Reallocate structures of waterworks or the drinking water distribution network

tive to implement now

Anticipate improvements necessary to meet future requirements where these are cost-effec-

Optimize service pressures, energy management, overall efficiency

Optimizetheoverattdr iu‘x\iug watersystent iut.‘ludiug the-infhrerrcesof thecatchmrentupor
the drinking water distribution network and the influences of the drinking water distributi
network on the waterworks

pbn

Optimize planning for demographic and climate changes

Structural

Achieve long-term preservation of the function (e.g. renovation of water-storage<facilities)

Safeguard occupational safety, protect the environment, structurally rehabilitate plant or
buildings

Operationall

Undertake planned inspection and cleaning of a facility

Optimize frequency of maintenance of pumps and other equipment

Provide additional resilience in the event of future failure (e.g. provision of stand-by equip-
ment or emergency storage).

NOTE This

istis not exhaustive.

The combination of individual options should be integrated intoan optimal solution which can influe

the drinkin

7.3 Asse€

The propo
involve fin
or governn
perspectiv
a drinking
notion of o
have to be
including ©

Solutions s

|g water masterplan, see 4.2.3 and Annex B, whichshould then be updated.

ss solutions

bed solutions can be subject to both internal and external constraints. Internal constra
ancial and performance perspectives-of the utilities. External constraints (e.g. regulat
hental requirements) can take different perspectives (e.g. societal costs and benefits). B
bs are governed by financial limitations (current or future) on the availability of funds.

pportunity cost, i.e. if thisimeasure is undertaken, then what other desirable measure(s) 1
postponed, or not taken within the time horizon. Therefore, the prioritization of soluti
ost-benefit analysis, should be performed.

hould be assessed and the optimal solution selected with regard to the basic performa
nts and factors'to be considered, such as:

Lctionsand subsequent operation of the waterworks.

able use of resources — The use of energy and other finite resources in the constructi

in consfriiction and operation — The minimization of risks to health and safety dur

nce

Ints

ory
oth
For

water utility in which available funds could be limited, this also introduces the econgmic

may
b1,

nce

and any waste produced.

Phasing of the works — The possibility of integrating the solution into a staged programme of

works. 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.

financial) in the selection and phasing of the options.

costs of the waterworks.

requireme

a) Safety
constr

b) Sustai
and o

9

d)

e)
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Capacity and resource constraints — the resource constraints (e.g. personnel, supply chain and

Future maintenance liabilities — The cost of future maintenance works and other operational
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Economic appraisal — The costs and benefits of one solution over another to determine whether

their respective net benefits (e.g. from increased asset life) are economically 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; during
construction; and during its subsequent decommissioning. 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.

Thd
doc

Duaixana aoks oz 1o o0
T TCParC actrut prair

selected integrated solution should be documented to give a single plan for the water
umentation should include:

detailed objectives;

legal requirements and permits, including any timescales for rehabilitation;
performance criteria;

priorities;

proposed works, including costs and phasing;

relationship to other construction or planned development;

consequences for operations and maintenance.

Foulr types of plan can be prepared:

8.1

Thd
util

new development plan;
operations and maintenance plan;
rehabilitation plan;

contingency and emergeney.plan.

Implementation

Introduction

implemeéntation plan should take into consideration the financial risk(s) to the drin
ty andbe based on the principle of the “plan-do-check-act” (PDCA) approach, see Figure

works. The

king water
5:
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Create/

update plan

Review
performance

8.2 C(Cres

For maintj
requireme
create mai
the asset s

Necessary
rehabilitat

The implementation plan should be updated as necessary. This includes updating to identify a

forward er
to better :
Improvem;d
planning p

Intenance, rehabilitation and operational plans to maintain or improve the performangd

| Carry out \
work

 _

Monitor

performance

Figure 5 — Process for implementation following the’PDCA approach

te/update plan

ining or improving the performance of the asset system, the objectives and functi
hts should first be established, followed by thetechnical processes to investigate, assess

ystem.

works to rehabilitate, maintain and- operate the waterworks should be defined in
on, maintenance and operational'plans.

abling the drinking water-utility to further improve its practices for management of as
ittain its desired level(of-Service while minimizing costs and effectively managing 1
bnt should be a contirmual process. If the performance requirements change, then the wi
Focess should be re€peated so that the entire plan remains up to date.

8.3 Car

In the context of management of assets for extending, reducing or rehabilitating a waterworks,

following

selectipirof appropriate technologies and materials;

y out work

ould-be considered:

nal
and
e of

the

ath
sets
isk.
hole

the

evalua

quality control of materials (specification and procurement);

quality of installation and conformity with installation requirements;

tion of the process performance of each asset.

8.4 Monitor performance

selection of a constructor(s) appropriately experienced in use of the technologies and materials;

It is important to monitor the effectiveness of work undertaken and to update the plan, including the
records (inventory) and the process and hydraulic models or treatment process simulation model by
the use of performance indicators.
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Monitoring data should be identified and captured. That is specifically relevant to identifying the
extent to which performance indicators are attained in meeting the committed level of service. Only
this specific data should be captured to minimize the effort of management of assets.

8.5 Review performance

The performance requirements should be reviewed periodically.

The monitoring data captured should be reviewed to identify the extent to which key performance
indicators are attained to meet the committed level of service.

9 [Operation and maintenance

9.1l General

Thd

purpose of operation and maintenance is to ensure that the waterworks_performs in

hccordance

with the functional requirements defined in Clause 4 and in accordande¢ with any operation and

maintenance plan.

Opdration and maintenance should ensure that:

performance requirements;

efficient;

Examples for the difference between the terms operation and maintenance are shown in Tal

the entire drinking water system is operationally ready~at all times and functions

the operation of the drinking water system is safejenvironmentally acceptable and ec

Table 3 — Difference between the terms operation and maintenance

within the

pbnomically

le 3.

Existing drinking water systems

Term Retain original per- |\Restore original | Upgrade per- Examples
formance (routine performance formance
activities)

Op¢ration Yes No No Monitoring, regulation off flow and
water quality, operation ¢f pumps,
treatment equipment and valves.
Flushing filters

Majntenance Yes Yes No Cleaning filters and tanks} adjusting

metering equipment, loca
replacement and/or lubri
pump or valve. Replacems
tro-mechanical equipmen

repair and
ation of a
nt of elec-

t or SCADA,
alve.

repair of a pipe, pump or

Effective operation and maintenance of waterworks are important elements in the management of
assets for maintaining the condition of waterworks’ assets in their required state and achieving a long
service life for each asset. Operation and maintenance depend on, for example:

planning;

suitable equipment;

© IS0 2019 - All rights reserved

clear assignment of responsibilities;

sufficient numbers of competent personnel;

knowledge of the drinking water system and its operational components;
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— adequate records and analysis.

There can also be requirements relating to the resolution of performance deficiencies, for example to
remedy failures and problems within acceptable timescales.

9.2 Operation

The purpose of operation is to ensure that the waterworks performs in accordance with its functional
requirements and in accordance with any operational plan(s).

Operation should ensure that the aim of the drinking water utility — to successfully deliver the service
of drinking water provision in the required quantity, pressure and quality — can be achieved-at all
times. Thiq is achieved if the functional requirements of the operation and maintenance plans.are met
(see 4.1.2) hnd the necessary resources for this purpose are available (e.g. funds, expertise, peérsonel).

Operation |ncludes:
— controlling pumps, machines and technical equipment;

— monit¢ring and intervention to ensure that the processes of catchment, treatment, pumping, storing
and transport are adequately delivered;

— actinglin accordance with contingency and emergency plans;
— measufring water quality;
— regulayly inspecting and documenting;

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

9.3 Maintenance

The purpdse of maintenance is to ensure that the waterworks performs in accordance with its
functional [requirements and in accordance with any maintenance plan. Well-executed maintengnce
will also cdntribute to optimization of the assets’ operational lives and risk mitigation.

Maintenange includes:

— pursuing a complementary balance of proactive maintenance with reactive maintenance to enable
a morgq strategic approach-that aims to achieve an optimal combination of cost and risk mitigatjon;

— local repair or replacemént of damaged pumps, motors, pipes, valves or other assets in ordefr to
maintgin their fune¢fioning and safeguards;

— cleaning, remofal of sediments and disinfecting to restore hydraulic capacity and to ensure hygigne,
water fuality'and performance restoration;

— regulaf attention to accessories like valves, dosing, control and metering equipment.

A generally applicable maintenance strategy for all equipment cannot be stated. A risk analysis of
the assets leads to selection of an appropriate maintenance strategy from the alternatives available,
which takes into account costs and the probability of successfully achieving the intended benefits. This
is consistent with the reliability centred maintenance (RCM) approach. This concept focuses on the
reliability of an asset and aims to reduce the maintenance costs while optimizing the reliability.

The goal is achieved through an analysis of each subject matter, which is based on the following
questions:

— Does the subject matter conform with function (performance)?

— Which disorder or failure can impair the function?
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What is the effect due to the disorder or failure?
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What can be done if the disorder or failure cannot be predicted or avoided?

From the assessment of the answers to these questions the proper strategy can be derived

approximately, leaving a degree of discretion on each subject matter.

Wh

jven to the

wider impact upon the waterworks because of the composite nature of the asset within thewjaterworks.

A brief overview of the alternative maintenance strategies available is given in Table 4}

Table 4 — Overview of maintenance strategies

intenance
strategy

Brief description

Advantages

Disadvantagefs

Inclident-based
maljintenance

No action, to determine
the actual status of the
asset/system

Only failure-based repair
or replacement

The service
life of the asset
is completely.
exploited

Low costs for
inspéction and
documentation

Unpredictable occur
failure

Consequential failur
possible, which lead
uneconomical repaif

An incident- or failugte-based

strategy can usually
successful if the risk

the asset is low and yill not
be affected by an indreased
downtime and redunjdancy is

Irence of

ES are
to

only be
linked to

sufficient

Prgventive Few measures aretaken Low unplanned High cost by low utiljzation of
majintenance for condition assessment failure probability service life

The preseryvation of the Predictable High downtime caus¢d by repair

nominal condition of the decommissioning

assets IS performed by

preventative replacement

of wear and tear parts
Condi- If the condition of the asset Low unplanned Higher costs for the
ti(i-based is regularly identified by failure probability determination of coijdition
majintenance inspection then the wear

and tear is defined as the Predictable Higher qualification fof the staff

limit deviation in regard to decommissioning

the nominal performance i

Optimal

Risk-based maintenance is utilization of the

included service life
Predictive Besides the determination The availability High costs for troubleshooting
maintenance of the condition it is also of the complete

intended to improve the asset system Very high qualification for the
asset and to reduce the increases staff
wear and tear
Long term, the
expenses for
maintenance
decrease
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10 Rehabilitation

10.1 General

Rehabilitation should take into consideration all aspects of selection, installation, maintenance, repair,
renovation, replacement and decommissioning to fulfil the objectives.

Once a waterworks is installed and operated, the highest expenditure of costs over its life cycle is
determined by the consumption of resources. These include energy, dosing agents, disposal of residuals
and for the personnel expenses for operatlon and malntenance plus dec151on maklng concermng the

rehabilitatjo

beyond wh
water char

The time f¢
tactical pl3

Therefore,

steps that build upon each other so as to be able to identify and assess (including’by way of comparis

the short-,

a) deternpining a long-term rehabilitation strategy;

b) draftiy
<)

implen

Determinifg a strategy starts by identifying the scope0f Trehabilitation works required and

r rehabilitation is thus determined by the life cycle costs of the asset portfolio. Strategic
ns form the basis of the further procedure.

a sustainable process for managing water assets should be subdividedrinto the three log

medium- and long-term impact of rehabilitation[12] (see also 4.4.3 Figure 2):

1g 2 medium-term rehabilitation tactic;

henting operational rehabilitation measures required.in the short term.

ases
at is reasonable or the quality of the source water or the legal requlrements for drin}
ge, the rehabilitation of assets or parts of the asset system can become necessary,

(ing

and

ical
on),

the

pertinent budget on the basis of a long-term perspective so as to obtain and/or maintain adeqyate

drinking water system conditions and the resulting level of service. The tactic includes identifying
defining the sequence of rehabilitation measures required in the medium term and pre-selecting
rehabilitatjon technologies and materials. The opétational level includes reviewing the actual execu
of the rehapilitation work and taking into account possible alternative options.

Shorter pe
sub-proces
render the
should be 3

The key o
retain

avoidil

minir:[

Fiods of review require more intense work and higher degrees of detailing of the respec
ses, entailing a higher total.expenditure in terms of both time and cost. More precise det
necessary rehabilitation (measures more certain. The results of the individual logical sf
ynchronised with one anéther.

ectives of the rehdbilitation of drinking water systems consist of:
zing interruptions of service in any situation;
ng the necessary water quality (relevant water quality parameters);

1g hazards to humans, third-party assets and the environment;

and
the
Fion

tive
ails
eps

improy

ying or maintaining the level of service;

achieving the lowest possible total expenditure.

The extent to which achievement of each of these objectives can be influenced is indicated in Table 5.
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Table 5 — Rehabilitation objectives

whlle keeping up the necessary service standard

Rehabilitation objective Strategic plan Tactical plan Operational plan
(how much?) | (where and when?) (how?)
Minimising asset failures and |Complete asset X X —
service interruptions system
Asset type X X —
Asset — X X
Keeping required drinking water quality X X X
Redource reliability X X X
Avdiding hazards to humans, third party assets . X X
and the environment
Improving or maintaining Pressure and
: : — X X
lev¢l of service quantity
Water quality 0 X X
Availability X X X
Minimising the required total cost of maintenance X X X

Key
mplementable

0 [mplementable if allocation to asset type possible

— |Not implementable

In drder to achieve the objectives linked to the rehabilitation measures, good knowledge ¢f the risks

affgcting the water infrastructure assets should;exist. More details of likelihood and impact

of failures

or ipcidents are given in 10.3. While a strategy-could consider only risk factors associated with asset-

typp-related failure likelihood, planning andyoption analysis permit evaluating all potential
basgd on precise knowledge of the actuallocation of the individual asset.

10.2 Strategic plan for rehabilitation of physical infrastructure (long-term plany

10.2.1 General

A rghabilitation strategy.should be worked out for the entire waterworks, including catchme
a mptter of principle; the extent of the rehabilitation work required should be determined

of Homogenous asset-types exhibiting identical or similar condition developments/ageing |
whose condition.developments and/or service lives are expected to be statistically compara

Imgortant indications for a rehabilitation plan are the findings of maintenance and operation o

Usulally; single units in function groups (i.e. exercising their function in the aggregate)

risk factors

ning)

tareas. As

n the basis
ehaviours,
ble.

'the assets.

should be

conjbined and then undergo a joint rehabilitation of the whole functional unit largely to take

advantage

of a corresponding improvement potential.

As an example, this can involve subdividing the waterworks into the following major asset types:

— water catchment infrastructure, including wells;
— pumps;

— disinfection equipment;

— tanks and filters for various treatment steps;

— reservoirs and other structures;

— dosing and monitoring equipment;

© IS0 2019 - All rights reserved
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— other installations (e.g. electrical and mechanical equipment).

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

— water catchment infrastructures, including wells and related technical equipment;
— intake assets;
— water source (e.g. aquifers, impounding reservoirs);

— sourcexater (e g horehole river, surface water):

— transnpission mains (see ISO 24516-1);

— treatn]ent in the relevant procedural requirement;
— storagp reservoirs and tanks;

— pumpipg stations;

— equiprhentfor general electrical supply (e.g. transformers, high, medium andlow voltage switchgdar);
— control equipment and automation technology;

— data tifansmission and supervision systems;

— metering technology;

— emergency power systems;

— buildings, properties, fences, supervision systems,security systems;
— asset types of comparable location and installation conditions;

— asset tlypes of comparable modes of operation and/or conditions of use.

Certain argeas or asset types exhibiting unusual or exceptional underperformance, quality problgms,
exceptionally high operating costs andifrequent disorder that have a major impact on the rehabilitafion
strategy should be broken down accerdingly into asset sub-types with advanced differentiation.

The rehabilitation need of the.Wwaterworks or its facilities under review is determined on the basis of
the data ar{d findings identifi€d/for the individual asset types.

Typically, the rehabilitation strategy varies between different major asset types depending| on
maintenanie strategyiand risk assessment.

The rehabilitatiofistrategy should be defined at a point in time that permits identifying and responding
appropriately/4otthe probable long-term need for rehabilitation. A period of review of 20 to 40 ye¢ars
is generally ‘sufficient to completely cover the relevant condition developments of the asset systerh or
types to be rehabilitated. Function, condition of installation and operation of each asset type should be
considered in setting the review period.

10.2.2 Strategic approaches

A number of different approaches are possible for the formulation of the strategic plan on
rehabilitation. These approaches can be combined to achieve the optimal strategy for a waterworks.
Different approaches can be suitable for different parts of the drinking water system, depending on
local conditions and the risk attached to consequences of failure. In the absence of better information,
estimation by age can be used as a first step in estimating remaining service life. The statistical
estimation can be used to understand future rehabilitation needs if the ageing deterioration was
recognized in the inspection. When investigation results have been accumulated and assessed, it is
advisable to improve the level of estimation.
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Possible approaches include:

a) Asset value approach — A financial-based approach that is used to ensure that rehabilitation
is carried out at a rate that ensures that the value of the drinking water system at the end of a
specified period does not fall below a specified threshold.

b) Asset-type-related approach — One part of the assets of a waterworks is selected with common
characteristics, requirements and properties, for example a treatment step, a well field or a
monitoring system.

c) Condition-based approach — All components of a waterworks are inspected and those that do

d) |Functional-related approach — This is built around the need for changesito improve the
performance of the drinking water system (e.g. the need to reduce or eliminate'Constityents of the
source water) and takes the opportunity to do other rehabilitation work Wwhere this chn be done
more efficiently at the same time.

e) |Reactive approach — This involves responding to failures and problems as they are|identified.
Examples can include restoring structural integrity.

The above-listed strategic approaches, including their advantages and disadvantages, afe show in

Tabje 6.

Table 6 — Advantages and disadvantages of different strategic approaches
Approach Advantages Disadvantages
Asget-value approach |— the changes in asset valueof the — itis solely financially driven
drinking water system.¢an be made
transparent — needs to be used in combination with
other approaches
— suitable for detétmining a fixed-rate
budget
Asdet-type-related |— itiseasytogéetaclearer view ofthe |— adetailed cost estimate canjonly be
apgroach work and the benefits made after detailed investigption of
the area
— it{ds possible to carry out the work in a
defined period — problems remain in other argas of the
drinking water system for a Jonger
~-~’ concentration of work in one area can period
be financially efficient
— relevant asset types of the drinking
water system are comprehensively
rehabilitated
Corjdition*based — status of structures and equipmentis |— problems with a lower priority remain
apgroach known by inspection in the drinking water systenj for a

longer period
— reduction in need for reactive

rehabilitation — loss of efficiency by the possible need
to carry out further works in the same
— very efficient way of rehabilitation parts of the drinking water system at a
by selecting only assets with high later time
priority

— the complete drinking water system is
maintained to a defined standard
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Table 6 (continued)
Approach Advantages Disadvantages
Functional-related |— future-oriented planning creates — cannot be applied as sole approach
approach capacity, alleviating problems before

they occur

Reactive approach

can be cost-effective where
consequence of failure is low

cannot prevent failures occurring

— can only be safely based on a risk-based
approach
Risk-based npprnnr‘h — npfim:ﬂ risk — cost ratio hlmrﬂing — canlead to deficiencies of water gua ity,
of works to optimize time and breakdowns or service interruptions if
manpower costs risks are not managed safely

The reactiye rehabilitation approach should only be used where the risk of failure is considgered, taking
into accoumt both the probability of failure and the consequences.

10.2.3 Determining the need for rehabilitation of physical infrastructure

The service life of an asset is an important factor when determining its need forrehabilitation. In a {irst
step, the sdrvice lives of asset types can be estimated on the basis of:

— empirical data and historical rehabilitation statistics of the utilitys

— measurements in connection with investigations or assessment'of condition;

— evalualtion of statistics of failures or disorders;

— increaping amounts of maintenance;

— special investigations;

— other qources, such as technical literature,.exchanges of technical information.

Information in the technical literature shouyld be critically compared with empirical data from|the
drinking water utility’s direct experience:
The age-re|ated and usage-based development of wear (consumption of wear stock) significantly affgcts
the servicd life of different asset types. Therefore, the estimation of the remaining service life for dach
asset type[should be verified-by/failure analysis and compared with the age-related development of
failures if dvailable.
In general] the following dasset type data are required for a methodologically correct analysis |n a
rehabilitatjon strategyeontext:
— failureldata.and age of the relevant asset;
— commé@n-operational usage.

Failures of assets already out of operation should also be included.

Established trend or regression functions can 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.

The annual rehabilitation need depends largely on the service life expected for the individual asset
types. The following methods can be used to determine the required rehabilitation rates on the basis of
the data available (volume, quality, currentness). Results become more reliable the greater the body of
data available and the greater the level of detail.
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Maintenance and rehabilitation of machinery or asset types ensure their correct functioning to reach
their technical service life. The maintenance strategy influences the scope of activity and this should be
adapted specifically according to the requirements of safety efficiency.

10.2.4 Budgeting

The rehabilitation budget required to implement a rehabilitation strategy is generally determined by
the rehabilitation plan. Cost estimates should be based on utility-specific, long-term empirical data as
well as on any planned changes in components and treatment system. The results of possible strategic

optimization activities should likewise be included in the rehabilitation budget calculation.
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e a rehabilitation budget calculated in accordance with the method described above ofly

absence of an urgent need for rehabilitation) should be added to the rehabilitation strate

future plans for rehabilitation work for the whole treatment plant should be gstimated. In]
haintenance to extend the service life of treatment plants reduces life cycle cost and s
Is of the rehabilitation cost across the years to an extent balanced with 'strategic proac
rovements.

3 Tactical plan for rehabilitation of physical infrastructure (mid-term planni

B.1 Risk-based approach to evaluation of priorities

covers the

dition-based rehabilitation of waterworks, expenditures on third-party-induced aeplacement (in

oy budget.

troduction
preads the
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ng)

h addition,

ciencies in the level of service (e.g. quantity, pressure, drinking water quality), direct
possibly the resultant negative public perception of a failure and the image of the dri
ty should be taken into account. The probability and the extent to which drinking wat
cted can be derived from customer complaints, operating experience and measured val

ar as the rehabilitation strategy is concerned, the aspect of risk can only be considered t
ent. The typical feature that can begenerally analysed and predicted in the technical ey
rehabilitation strategy is the dévelopment of the asset-type-related failure probabilityj]
be clearly attributed to individual asset types and not to individual components, the
can be taken into account in-the rehabilitation strategy. In rehabilitation planning and e
hbilitation all influencing risk factors should be evaluated.

tactical plan for rehabilitation pursues the objective of implementing within the mediu

tegy for the individual asset types. The operational rehabilitation plan required for the {
dentified andprioritised.

dded costs
ing water
quality is
es.

o a limited
aluation of

If failures
e aspects,
kecution of

m term, for

mple within two.years to five years, the amount of rehabilitation determined by the reljabilitation

ask should

prioritization of measures for various parts of the waterworks, or even the whole dri

1ld'be' made as objective as possible.

ing water

em including asset types, is difficult and cannot be easily compared. The prioritizatjon criteria

The criteria for prioritization should be based on the risk emanating from an asset or affecting its
function. This risk results from the probability of occurrence and the consequence of failure. Health
risks are of particular importance for all stakeholders. A key concern for the drinking water utility/
operator/responsible body can be, in addition to the cost of loss, the avoidance of reputational damage.

The drinking water utility should define utility-specific risk-assessment criteria that support a risk
evaluation approach capable of producing risk evaluation results for each facility.

The risk assessment process firstly requires establishment of risk analysis criteria for a risk event's
likelihood (probability) of failure or occurrence and its potential impact (extent of failure or disorder).
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Risk assessment criteria can be subdivided into the following groups:

a) Thepr

obability of failure occurrence can be deduced from:

1) the failure development in a component (individually or in aggregate);

2) the failure development in the asset type (failure and/or empirical data);

3) characteristics of individual assets;

4) other condition data of machinery or technical facilities (e.g. corrosion, cavitation, efficiency);

5) krjowledge about fluctuation of level of service.

b) The pr
1) op

2) mjq
3) ca
4) us

c) Theex
1) ha
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ii)

iii]

2) co

3) dr
Having ide
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others bas
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individual
Risk can b

Figure 6 illustrates the risk-assessment process leading to the evaluation of assets' priority

rehabilitat

obability of occurrence of impairments can be deduced from:
erational experience;
pasured values;
culations;
er complaints.
tent of failure or disorder can be assessed in relation to, forexample:
zards to
persons;
assets (tangible and intangible);
environment;
5t;
inking water utility’s image/publi¢:perception.

ntified, described and analysed each risk using a consistent set of risk analysis criter
rater utility should then évaluate the relative significance of each risk compared with
bd on a consistent set of evaluation criteria. Evaluation results serve to assess the risK
on the basis of pre-defined criteria. The evaluation results for the entire waterworks or
components should-determine the rehabilitation priority ranking of the assets concers
 expressed byavariety of units.

on.
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risk individually.
sks relative to one another.

Figure 6 — Process of risk assessment, decision making and risk control
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10.3.2 Evaluation of individual risks and prioritising for risk control

A risk-assessment process (4.3) should be defined and documented that contains the relevant criteria
for the relative evaluation of the risks. Application of the process will produce data, for example
in the form of points scored, with serious risks scoring more points. The process should determine
how the risk assessment should be applied to assets and asset types with both similar and dissimilar
characteristics.

Each criterion should be applied to asset types of equal technical characteristic. The final overall
evaluation can be attained by comparing the individual evaluation results. As this step constitutes
the most crucial procedure in the process, it should be prepared and coordinated with due care. The
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10.

absence of information should not be a reason for excluding a risk frem'the evaluation p

list of competing priorities emerging from the evaluation of risks should provide th
rmation about the individual assets or asset types as a minimum'requirement:

unambiguous identification of a component (technical data);

quantitative evaluation (e.g. how many points have heen scored).

ctives (e.g. attaining a certain level of rehabilitation). The list of competing priorities
ressed in accordance with the rehabilitation“strategy. Any deviations from the list of
rities in the rehabilitation strategy should-be evaluated and examined for their relevance
he rehabilitation strategy.

bcision on the competing priorities:can be aided using a risk matrix (e.g. incidence likelih|
ree of impact) or a risk scoring classification system (see Annex D).

4 Operational plan —(Implementation of rehabilitation measures (short-ter

planning)

Thd
strd

Alte

Con
the

tegy and rehabpilitation plan, always taking into account prevailing local conditions.
rnative construction technologies should be considered.

sideration should be given to simultaneous rehabilitation on competing assets/facilitieg
same( priority ranking so as to achieve efficiencies in the rehabilitation program (

effi

bination of the individual evaluations should correctly reflect the weighting of the critdria against
n other within the same asset type and across similar asset types. Sorting the evaluatfion results
1 yields the competing priority ranking of the rehabilitation measures planned for®he medium term.

en selecting evaluation criteria, care should be taken to ensure that infermation @about each
erion is available for each component or else the evaluation results can be distorted. The source and
hbility of the information should be documented and should be consideredin the evaluatipn process.

ocess.

e following

list of competing priorities should be compared-with the pre-determined strategic rehabilitation

should be
competing
to impacts

ood versus

m

rehabilitation medsures should be designed and implemented on the basis of the reljabilitation

of roughly
p.g. energy

riency, reduction of chemical use or reduction of other operating costs).

The following should also be specified:

11

choice of technologies and materials;
quality inspection of the materials and the installation;

requirements for the executing contractors.

Documentation and performance review

All major results and decisions should be documented so as to be able to understand the individual
process steps, from the original strategic approach to the final execution of the work. Care should be
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