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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,
structure or process) level.

Wastewater utilities are reliant on their assets to deliver their services to the users in their service
areas. The assets (e.g. underground pipes, retention and detention tanks and treatment plants)
collectively form the physical infrastructure of the wastewater utilities and are the consequence of the
accumulated capital investments and operational expenditures on maintenance and rehabilitation ¢ver
many yearf. In many of these utilities, the replacement value of these past investments will anmrqunt
to many njillions (even billions) of US dollars depending on the size of the community served. [The
infrastrucfure represents a major societal investment in essential services contributing to public heplth
and the protection of the environment.

In many countries, these assets have been identified as critical infrastructure and-programs arg in
place to emsure their protection or their sustainability. Like many other organisations with asgets,
wastewatelr utilities undertake programs of activities to manage the assets:te‘ensure they continue
to meet the needs of the community. These management activities can be atthe strategic, tacticgl or
operational level. The activities can be part of a formal management system, or the result of spegific
legislative requirements, or simply the result of due diligence by the service operators and managefs.

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 exanple
ISO 55001,

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

The conditjon of wastewater infrastructures’greatly influences the adequacy of the wastewater seryice
from the agpects of quality, quantity, safety, reliability, environmental impact, sustainability, the degree
of treatment and efficiency. System_g¢ondition-based rehabilitation approaches serve to meet these
requiremepts with a focus on a holistic approach of condition-based, risk-oriented maintenance.

As the instpllation and development of wastewater assets matures, the optimization of the wastewhter
infrastrucure will become’necessary in many places in order to compensate for ageing and wear
and tear and to respondvto changing societal and economic conditions. Consequently, wastewhter
infrastructure assets‘are subject not only to ageing and wear and tear but also to adaptation procesgses
resulting from growth, new legislative requirements, technical innovations or changing ufer-
service—le el expectations. This requires wastewater utilities not only to focus on maintenance and
hus
and

execution of rehabllltatlon

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 wastewater systems, including failures.
These data should serve as the basis for a systematic management of assets and can also contribute
data needed for benchmarking purposes. A reliable database that supports analysis of failures and
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of operational data (including a description of the condition of facilities or units) is of

particular

significance for establishing a risk-based investigation to determine maintenance and rehabilitation.

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

(new assets and rehabilitation).

The approaches offered in this document are intended to be universally applicable, regardless of the
structure of a given wastewater system. Any empirical numeric values given are mere support values;

concrete plans should always rely on utility and /or object-specific values.

The usual and expected goal of the effective management of assets is to provide maximt

m life and

valge in a cost-effective manner. However, in some circumstances where the assets are.being operated

to sptisfy a short-term goal, this will not be to maximize the life of the assets, but cquld; for ¢
to minimize costs while meeting other objectives within the planned timeframe.

Additional information on objectives and functional requirements of management of assets

in Annex A; an example of the content of a wastewater master plan_is [provided in Anj
examples of inventory, condition and operational data are provided in'‘Annex C. Methods f
baspd assessment for rehabilitation are shown in Annex D.

xample, be

s provided
hex B; and
br the risk-
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Guidelines for the management of assets of water supply
and wastewater systems —

Part 4:
Wastewater treatment plants, sludge treatment facilities,
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Scope

5 document specifies guidelines for technical aspects, tools and good practices for the m
ssets of wastewater treatment plants, sludge treatment facilities, pumpitig stations, an
detention facilities in the wastewater system to maintain the value ofieXisting assets.

E1l
t types described above.

further guidance on wastewater networks see ISO 24516+3,
E2  For simplicity of interpretation of wastewater systém assets, the management of pump
retention and detention facilities in the network, excluded from ISO 24516-3, is addressed in th

kpective of where these assets are sited in the wastewater system.

5 document is focused on the assets in wastewater systems typically owned or o
tewater utilities that are expected to meét-users’ needs and expectations over longer,

multi-generational, periods.
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5 document includes examples.dfy’'good practice approaches on the strategic, ta
rational levels.

5 document is applicable to.all\types and sizes of organizations and/or utilities operating
ems.

E3 Depending onthe’size and structure of an organization, the utility can decide to what exte
buidance in this document. In any case, the philosophy of this document remains applicable even
ium utilities.

E4  Thisgineludes all different roles/functions for the management of assets within a utilit]
er/respofisible body, asset manager/operator, service provider/operator).

Nermative references

pnagement
1 retention

For simplicity in reading this document, reference to wastewater treatment plants includes all the

ing stations
s document

berated by
sometimes

ctical and

vastewater

nt it applies
Fo small and

y (e.g. asset

There are no normative references in this document.

3

For

Terms and definitions

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

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

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

IEC Electropedia: available at http://www.electropedia.org/
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31
asset
item, thing or entity that has potential or actual value to a water utility

Note 1 to entry: Assets are used in a water utility for the provision of the service (3.20).

Note 2 to entry: Value can be tangible or intangible, financial or non-financial, and includes consideration of risks

and liabilities. It can be positive or negative at different stages of the asset life.

Note 3 to entry: Physical assets usually refer to equipment, inventory and properties. Examples in the water

sector are land, buildings, pipes, tanks, treatment plants, equipment and hardware. Physical assets are
opposite of i ible vhich-are-non-physi e : e : i e i
licences, intje
software arld databases.

Note 4 to enftry: A grouping of assets referred to as an asset system (3.2) could also be considered asyan asset
[SOURCE: ISO 24513:2019, 3.6.1]

3.2
asset system
set of asset}s (3.1) that interact or are interrelated

[SOURCE: ISO 24513:2019, 3.5.12]

3.3
asset type

grouping of assets (3.1) having common characteristics that distinguish those assets as a group or ¢

Note 1 to erftry: Examples of asset types include, but are not limited to, physical assets (3.1), information as
intangible dssets, critical assets, enabling assets, linear assets, information and communications techno
(ICT) assetq, infrastructure assets and moveable assets.

Note 2 to eptry: Examples of physical asset types.in the water sector are pipes, valves, pumping stations
reservoirs/fanks of the same type, size, material and-function.

[SOURCE: ISO 24513:2019, 3.6.1.1]

34
failure
local inadnpissible impairment df the operability of an asset (3.1) within an asset system (3.2) at a cer
point in time on a certain asset

[SOURCE: IISO 24513:2019, 3.6.13]

3.5
failure data
data charafterizifig the occurrence of a failure (3.4) event

llectual property rights, reputation or agreements. Examples in the water sector are water(ig

the
hts,
hts,

lass

ets,
ogy

and

Fain

[SOURCE: I56=24543:26493-6-15]

3.6
failure rate
ratio of number of failures (3.4) of a given category to a given unit of measure

EXAMPLE Failures per unit of assets (3.1) and time, failures per number of actions.

Note 1 to entry: For treatment plants, pumping stations and similar facilities, expressed per year.

[SOURCE: ISO 24513:2019, 3.6.14, modified — Notes 1 to 3 removed.]
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inspection
process to identify the actual status of an asset (3.1) or asset system (3.2) by observation and judgement
accompanied as appropriate by visual control, handling, measurement, testing or gauging

[SOURCE: ISO 24513:2019, 3.5.8]

3.8

investigation
gathering of all information necessary for a decision-making process

NotfTto entry: I'nis should 1include both qualitative and quantitative imnformation.

[SO

3.9
levg
par
out

URCE: ISO 24513:2019, 3.5.7]

2] of service
hmeter, or group of parameters, which reflect social, political, envirenhmental and
fomes regarding the service (3.20) to users that the water utility delivers

economic

Catisfaction,

ers deemed

maintenance

Note 1 to entry: The service to users can include any of the following parameteys: health, safety, user
quality, quantity, capacity, reliability, responsiveness, environmental acceptability, cost and availabillity.
Note 2 to entry: A defined level of service can include any combination'df the aforementioned parame
impprtant by the asset (3.1) owner, users or relevant stakeholders:

[SOPRCE: 1SO 24513:2019, 3.3.8]

3.10

life|cycle cost

totdl cost of an asset (3.1) or its parts througheutits life cycle

Note 1 to entry: Total cost can include planning,’design, construction, acquisition, operation (3.13),
(3.1[1), rehabilitation (3.16) and disposal costs.

Not¢ 2 to entry: Total cost excludes any.residual value obtained during disposal.

[SOPRCE: 1SO 24513:2019, 3.6.2}

3.11

majntenance

con
inte

[SO

31
ma

bination of all technical, administrative and managerial actions during the life cycle of ay
nded to retainsitin, or restore it to, a state in which it can perform the required function

URCE: ISO 24513:2019, 3.5.9]

A

hagement of assets

asset (3.1)

pro

Cesses during the life cycle of an asset (3.1) to maintain value from an asset system’s (3.

2) existing

assets (3.1) while ensuring an agreed level of service (3.9) and function of the system

Note 1 to entry: Processes include:

all necessary activities for planning, design, procurement, construction/installation, operation (3.13),

maintenance (3.11), rehabilitation (3.16) and disposal of assets (3.1) of drinking water systems,
systems (3.25) and stormwater systems as a functional activity, including their review;

setting objectives, and functional and performance requirements;

establishing strategic plans (3.22), tactical plans (3.23) and operational plans (3.14);

undertaking investigations (3.8) including establishing necessary databases, to assess the actual
assets during the lifecycle of the asset system.

© IS0 2019 - All rights reserved
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Note 2 to entry: In ISO 24510, ISO 24511 and ISO 24512 the term “asset management” is used in the meaning of

“management of assets”.
[SOURCE: ISO 24513:2019, 3.5.2]

3.13
operation

action(s) taken in the course of normal functioning of drinking water systems, wastewater systems

(3.25) or stormwater systems

EXAMPLE Monitoring and regulation or diversion of drinking water or wastewater (3.24).

[SOURCE: SO 24513:2019, 3.5.10]

3.14

operational plan

documentdd collection of procedures and information that is developed, compiled and(maintaine
readiness flor the conduct of operations (3.13)

[SOURCE: ISO 24513:2019, 3.1.16.1.1]

3.15
performance indicator
parameterjor a value derived from parameters, which provides information about performance

Note 1 to erftry: Performance indicators are typically expressed as ratias between variables. These ratios ca
commensurjate (e.g. %) or non-commensurate (e.g. $/m3).

Note 2 to er]try: Performance indicators are means to measure the‘efficiency and effectiveness of a water ut
in achieving its objectives.

[SOURCE: IISO 24513:2019, 3.9.6]

3.16
rehabilitafion
measures [for restoring or upgrading the jperformance of existing asset systems (3.2), incluc
renovation|(3.17), repair (3.19) and replacement (3.18)

[SOURCE: ISO 24513:2019, 3.5.11]

3.17

renovatio

work incofporating all or-part of the original fabric of an asset (3.1) by means of which its cur
performanie is improvéd

[SOURCE: ISO 24518:2019, 3.6.16.2]
3.18

1 in

h be

ility

ling

fent

replacemernit

installation of a new asset (3.1], which incorporates the Tunction of the old asset
[SOURCE: ISO 24513:2019, 3.6.16.3]

3.19
repair
rectification of a local breakdown or damage

Note 1 to entry: Repair can be planned [e.g. preventive maintenance (3.11)] or unplanned (e.g. in the case of

damage).

[SOURCE: ISO 24513:2019, 3.6.16.1]
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3.20

service

output of an organization with at least one activity performed between the organization and, in the
first place, its user and, in the second place, a stakeholder

Note 1 to entry: The dominant elements of a service are generally intangible.
Note 2 to entry: Service involves activities and processes within an organization (utility), at the interface with

the user, to establish user requirements as well as upon delivery of the service and can involve a continuing
relationship.

Note3toentry—Provistonrofaservicecaminvotveforexampte-thefoltowing:

— |an activity performed on a user-supplied tangible product [e.g. wastewater (3.24)];
— |an activity performed on a user-supplied intangible product (e.g. processing new connection reduests);

— |delivery of an intangible product (e.g. the delivery of information in the context of knnowledge trgnsmission);
— |the creation of ambience for the user (e.g. in reception offices).
Note 4 to entry: A service is generally experienced by the user and can be monitored by one or more s§akeholders.

Note 5 to entry: The word “service” in common English can also refer to(the entity providing the actjions related
to the subject in question, as is implicit in such phrases as “bus service?, “police service”, “fire service{ and “water
or \%stewater service”. In this context and usage, “service” implies\the entity that is delivering the| service, for
example “the public transport of passengers”, “the provision of\public security”, “fire protection anfl response”,
and|“delivering drinking water or collecting wastewater”. If “service” can be understood in this way, “water
seryice” becomes synonymous with “water utility”; hence, in this document, in order to avoid confusjon, only the

defipition in 3.20 applies.
[SOPRCE: ISO 24513:2019, 3.3.7]

3.21
seryice life
perjod of time after installation during-which an asset (3.1) or an asset system (3.2) meets |or exceeds
the[technical and functional requirements

[SOPRCE: ISO 24513:2019, 3.6-11}

3.2p
strategic plan
document identifying'goals and objectives to be pursued by an organization over a long-term period in
support of its mission’and being consistent with its values

[SOPRCE: ISO.24513:2019, 3.1.16]

tactical\plan
document identifying objectives to be pursued by an organization over the medium tefm, on the
basis of priorities derived from influencing factors/indicators on performance, costs, risk and failure
probability and scale of failure (3.4)

[SOURCE: ISO 24513:2019, 3.1.16.1]

3.24

wastewater

water arising from any combination of domestic, institutional, commercial or industrial activities,
surface runoff and any accidental sewer inflow/infiltration water and which can include collected
stormwater, discharged to the environment or sewer

Note 1 to entry: Wastewater can flow in separate or combined sewer systems.

[SOURCE: 1SO 24513:2019, 3.2.2.2, modified — Note 2 to entry deleted.]

© IS0 2019 - All rights reserved 5
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3.25

wastewater system

asset system (3.2) providing the functions of collection, transport, treatment and discharge of
wastewater (3.24) and wastewater residues

[SOURCE: ISO 24513:2019, 3.5.12.3]

3.26
wastewater treatment plant
asset system (3.2) to transform wastewater by physical, biological and/or chemical means

and
ers,

Note 1 to : X X

detention tgnks, stormwater storage and overflow facilities, screens, sedimentation tanks, aeration tanks, fil
lagoons, slufige treatment facilities, chemical facilities, odour control and outflow facilities including gkilles.
Note 2 to enfry: Pumping stations and retention and detention tanks can also be sited in the wastewater netwlork.

[SOURCE: ISO 24513:2019, 3.5.15]

4 Pringipal aspects of the management of assets
4.1 Objectives and requirements

4.1.1 Objjectives

The key gdneric objectives for the management of assets ofwastewater systems are identified ffom
ISO 24510 and ISO 24511:

— protection of public health and safety;
— meeting users’ reasonable needs and expectations;

— occupdtional health and safety;

— promofing the sustainability of the wastewater utility;

— providing services under usual.and emergency situations;
— providing sustainable development of the community;

— protection of the envirenment.

Wastewatqr utilities sHould aim to manage their facilities systematically and efficiently in ofder
to sustain [their funCtions. This should take place on the basis of clearly defined objectives, based on
assessmenf and forecasting of the condition of their often extensive and complex facilities.

Setting objectives for the management of assets should help to ensure that wastewater utilities
conform wh i i i i jor-i the

economic performance of the wastewater utility and taking into account risks to the achievement of
those objectives. The level of service should be well defined, communicated, tied to risk and current, as
customized to a particular wastewater utility.

For further information on objectives of management of assets for a wastewater system see Annex A.

4.1.2 Functional requirements
Functional requirements should be established to aid the achievement of the objectives.

Functional requirements of a wastewater utility cover treating and pumping wastewater and sludge
by means of treatment plants, as well as pumping wastewater and sludge in wastewater networks
(as part of the wastewater system), including the effects of discharges on receiving water bodies. A
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variety of equipment and facilities support the main functionalities and are also subject to management
of their associated assets to ensure sustainable discharge in the natural environment. The functional
requirements should be considered in respect of the whole wastewater system to ensure that additions
or modifications to the system do not result in failure to meet the target(s).

Functional requirements should be established which, while taking into account sustainable
development and whole life costs, including indirect costs (e.g. traffic congestion, military aid provided
to the civil authorities), ensure that wastewater systems treat and dependably discharge their contents
without causing unacceptable environmental nuisance, risk to public health, or risk to personnel

working therein.

Each functional requirement can relate to more than one objective. An indication of the-r¢levance of
each of the functional requirements to the achievement of the objectives is shown in Table 1
Table 1 — Relationship between objectives and functional requirements

Examples of Objective

gfun?tlonal t Protection| Protec- |Protection| Meeting Promoting Providing Promoting

equiremen of public | tion of oc- | of the en- users’ sustaina/~\ service under| sustainable

health and | cupation- |vironment| reasonable | bility ofthe’| usualand | dev¢lopment of
safety al health needs and |wastewater| emergency |the fommunity
and safety expectations utility situations

Elipination of XXX XXX XXX XXX XX XX XX
undesirable
constituents in the
inflluent
Prdtection from XXX XX XXX XXX X XXX XXX
flogding
Maintainability XX XXX XX XX XX XX XX
Prgtection of XXX XXX XXX XXX XX XX XX
recpiving water
bodies
Pr(tection of XXX — XXX XXX XX X XXX
groundwater/
wafertightness
BioJogical hazards XX XXX XXX XX XXX X X
Prevention of XXX XXX XXX XXX XX XXX XXX
odqurs and toxic,
explosive and
corfosive gases
Prejvention of noise XX XXX X XXX X XX X
and vibration
Sustainable use — X XX XX XXX X XXX
of groducts and
maferials
Susgainable use of — — XX XX XXX X XXX
energy
Structural integri- XXX XXX XXX XXX XXX XXX XXX
ty and design life
Maintaining the XX XX XXX XXX XX XXX X
flow
Effluent quality XXX XXX XXX XXX XX XXX XX
Wastewater XXX XXX XXX XX XXX XX XX
by-products
NOTE The number of Xs gives guidance on the importance of the requirement in achieving the objectives.
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4.1.3

Performance requirements

In order to evaluate the performance of the wastewater system and to allow development of design
criteria, measurable performance requirements should be determined from each functional

requirement.

The process for determining performance requirements is illustrated in Figure 1.

Objectives
(see 4.1.1)
Functional
Integrated Context, e. g. .
- requirements
water policies (sée 4.1.2)
» Sources of effluent -
e Environmental situation
Externpl inputs (legal, » Wastewater treatment
! i Integrated -
social anfl environmental), river basin » Receiving waters
including level of service manasement * Aquifers and
to be provided to users & water supply
« Alternative collection
and disposal-systems
Integrated « Social conditions
waste/water « Economi¢)constraints
management
Roleof Performance
tréatment requirements
plants (see 4.1.3)

Design criteria

Figure,1 ~— Process for determining performance requirements

For each fyinctionalyequirement, there can be legal requirements, public expectations and finan
constraint$ influencing the performance requirements. Public expectations should be reflected in
level of serfvice set by the utility to provide to its users.

For each aspect of performance, different levels can be required, for example:

a) trigger levels which justify early upgrading action according to priority;

cial
the

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 wastewater system should be updated after major extension, maintenance or

rehabilitation.

In principle the performance requirements for a rehabilitated wastewater treatment plant should be
the same as those for a new treatment plant.
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Performance indicators are essential tools for the understanding of the actual and desired performance
of the infrastructure of a wastewater utility, and in parallel, enable indicator-supported 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 wastewater utility.

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

strategic: conformance with effluent discharge requirements;

tactical: reduction of biochemical oxygen demand (BOD), nutrient reduction;

The
to

ope
per

For

4.2

4.2

Inn

The
par

The

4.2

operational: use of chemicals and energy per m3.

performance indicators provide information on how actions at the operational| level

rational- and tactical-level indicators are called “inputs” and “outputs”, respectively. (
Formance indicators should be compared with action plans [see 7.4 b)].

further information on objectives and functional requirements see Annex A.
General aspects

1 General

nanagement of assets a distinction can be made between two principal focal points:
the wastewater utility or responsible body in question;

that organization’s wastewater system to be’ ithanaged.

former could include, for example: strategic financial, reputational and non-operation3
[ of ensuring the wastewater utility'sloverall objectives are met.

latter should take into account:

requirements, needs and\expectations;

sustainability of the\wastewater system and the provided service;
management of risk, including occupational health and safety exposure;
local conditions (e.g. climatic, social, technical);

finaneial Stability of the utility.

20 Principal aspects — Wastewater utilities

hichieve strategic-level objectives. Strategic-level indicators are often calledv“outcomes

contribute
”, while
perational

11 assets as

attention to stakeholders™‘(e.g. users, operator, relevant authorities, responsible bodies)

The management of the physical infrastructure of wastewater utilities is recognized as a critical

acti

vity to realize users’ and other stakeholders’ expectations. Key activities include:
the determination of the utility’s current and longer-term objectives;
planning and implementing activities to achieve objectives;

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

the prediction of future amounts of wastewater as an additional basis for rehabilitation.

The management of the wastewater utility’s assets should be directed towards ensuring the utility’s
objectives are met.

©IS

02019 - All rights reserved


https://standardsiso.com/api/?name=3e4961ac575814d2f3ea5158c3bf5a8d

ISO 24516-4:2019(E)

Additionally, for ensuring long economic life cycles, proper operation and stable wastewater service
this should include:

— knowledge of the layout of the entire wastewater system;

— knowledge of the entire wastewater system together with knowledge on costs (planning,
constructing, operation, maintenance and decommissioning);

— knowledge on availability and need of resources;

— selection of appropriate materials and components;

— choice|of installation technologies and installation contractors;
— quality control of technologies, facilities, materials used and of wastewater and effluents;

— maintgnance of the wastewater system and its assets including routine and ifieident relgted
inspection and investigation;

— monitgring of operational conditions;
— monitgring the wastewater system'’s environmental conditions.

Efficient management of assets ensures a continuous provision of the level of service as defined byjthe
wastewater utility in order to meet users’ and wider stakeholders! expectations and minimize |ife-
cycle costs|

Management of the assets includes:

— educatlion and training of the personnel to achieve relévant competences;
— maintdining an up-to-date wastewater system inventory;

— monit¢ring and documenting data;

— assess|ng the condition of the wastewatersystem;

— plannipg, maintaining or rehabilitating the wastewater system;

— operatjion of the wastewater system in such a manner so as to increase service life while maintaifing
the agreed level of service;

— optimizing life cycle costs;
— identiflying and mafaging risks;

— ensuripg stable _wastewater service by taking into account the timing and duration of varjous
rehabilitatien'\works;

— ensuripgthe wastewater system is utilized /operated as intended;

— protecting the environment from detrimental impacts resulting from the wastewater assets’ use.

4.2.3 Principal aspects — Wastewater systems

The management of assets of wastewater systems should cover the complete wastewater infrastructure
and the interrelationship of all assets of the wastewater system such as wastewater networks, pumping
stations, retention and detention tanks and treatment plants including the resulting effluent quality
and its disposal/reuse as well as solids’ disposal facilities. In addition, the management of assets should
consider changes in needs and expectations/requirements of users and other stakeholders, change in
behaviour or usage as well as environmental effects such as climate conditions, population migrations,
and demography as far as data are or can be made available. This can be laid down in a wastewater
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master plan, which can be a stand-alone document, or captured within the strategic plan. See also an
example for the content of a wastewater master plan in Annex B.

Hence this document should be used in conjunction with other standards regarding management of
assets on wastewater systems such as ISO 24516-3.

Wastewater systems are used to provide a service to their users and communities. This can be briefly
(and typically) described as:

— removal of wastewater from premises for public health and hygienic reasons;

preventionroffloodinginrurbanizedareas;

— |protection of the environment both natural and built.

In general, a wastewater system has the following potential functions:
— |collection;

— |[transport;

— |pumping;

— |retention and detention;

— |treatment;

— |discharge;

— [reuse.

Thi includes monitoring of water and sludge quality at relevant stages in the treatment plant.

4.2/4 Integrating the principal aspects

Management of assets is the application of the wastewater utility’s management of asset prifinciples, as
desfribed in this document, within the management of the wastewater system comprising treatment
plants and wastewater networks and implemented within the framework of integrated wastewater
system management, see 4.4.1.

4.3| Risks and life cycle aspects

4.3]11 Risk

Risk considérations are necessary at all levels in the management of assets — the strategic, the tactical
and| the operational levels.

Appgropriate treatment of risks arising within the context of an organization is an important objective
in the management of that organization’s assets. RISK treatment 1s typically done by the introduction
or modification of existing risk controls. Selection of the most appropriate risk controls should result
from a process of assessing organizational hazards (e.g. arising from an asset’s positioning or failure).
Appropriate countermeasures can then be introduced in a prioritized manner. Such measures can
include operation and maintenance, extension and disposal activities as well as rehabilitation.

There are many alternative techniques for identifying, analysing, evaluating and treating risk in
different fields (see IEC 31010, and the water sector specific EN 15975-2). The risk assessment
methodology proposed in this document is based on generally recognized risk assessment principles
(e.g. 1SO 31000).

These principles involve:

— risk identification (in this case principally by hazard analysis);
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— risk analysis;

— risk evaluation;

— risk control.

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

cur.

The 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 determine
termSOft Hrersterrs—a TePatramecers S€ H TC—T1S a ;v“ 1€ weiory Oriert
inspection)fsurvey plans should be determined by risk evaluation (which considers the signifi¢s
of each risk relative to all the risks under consideration). Typically this comparison is conductec
comparing| individual risks’ ‘scores’ (the product of a risk’s impact x likelihood ratings, against
organizati¢n’s risk criteria) - using a risk matrix to present the results. Systematically-estimating
cost of individual risks' impact can aid overall risk prioritization.

The evaludtion of measures to treat (prevent/reduce) the impact and/or likeliho6d of individual ri

din

5i for

nce
| by
the
the

sks’

occurrencg should be carried out by comparing the effectiveness of individual) treatment measulres,

and their related costs, practicability and acceptability to stakeholders. The:0lGtcome of this evalua
process cah feed into a wider decision-making process utilizing cost benefits techniques, see 7.3.

Wastewatdqr-related asset risks can be categorized into the following€Wwo groups:

Fion

a) non ifffluenceable risks, such as natural disasters (e.g. earthquakes, storms, floods) or econgmic

situatipns.

b) influepceable risks, such as events arising from accidental damage, facility deterioration, ser

Vice

restridtion or interruption by blockages, damage, malfunction or deterioration of effluent quality.

The follow|ng are a few examples of asset data relevant for assessing impact (of failures):
A treatmerjt plant’s:

— sizing;

— functign;

— proxir:[ity to other significant assets, infrastructures or areas;
— access|constraints;

— rehabilitation cost:

The follow|ng are examples of asset data reports relevant for assessing likelihood (of failures):

— abnoripaliti€sin wastewater quality;

— exceeddarrce Ufpdl anTetric valuca,
— maintenance;

— telemetry;

— employee feedback;

— incident;

— condition;

— stakeholders’ complaints;

— security;
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social behaviour;
environmental impact;

rehabilitation costs.

2 Life cycle

Life cycle cost should be minimized by keeping the wastewater system in stable operating conditions as
stated in the objectives. This should include:

For
of t
reh
sho

optimized maintenance planning,

inspection;

use of suitable construction methods and durable materials;

co-operation with other organizations;

energy management;

optimized stand-by service;

proper control of operational processes;

proper control of the wastewater system'’s use (e.g. waste discharge control);

efficient deployment of staff and accomplishment of tasks (by qualified and/or certified ¢
if necessary), but retaining core competences (e.g.“érganizational, operational and techn
wastewater utility;

participation in benchmarking projects;
demand-based “materials management” and control (procurement and stock keeping).

example, to rehabilitate facilities,,the priority of a project should be determined in the
he budget while aiming to, minimize the life cycle cost of each asset. To avoid sir
hbilitation and equalize rehabilitation cost, service life of some assets should be pr
Ftened by advancing or delaying rehabilitation measures.

bntractors,
ical) in the

framework
hultaneous
plonged or

4.4| Structuring théprocess for management of assets

4.4]1 General

Intggrated .management of assets in wastewater treatment plant is the process of achieving an
understanding of the existing and proposed wastewater system, and using this information|to develop
strdtegies to ensure that the hydraulic, environmental, structural, process engineering and ¢perational
performance meets the specified performance requirements taking into account future conflitions and
efficiency.

The integrated wastewater treatment plant management process is illustrated in Figure 2.

©IS
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Investigation
(see Clause 5)

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

Planning

(see Clause 7N
T 7

Implementation
(see Clause 8 and 10.4)

Figure 2 — Integrated wastewater treatment plant management process

The integrated wastewater treatment plant management process has four principal activities.
1) anappjropriate level of investigation of all aspects of the performance of the wastewater systen;

2) assessment of the performance by comparison with the performance requirements including
identification of the reasons for the performance failures;

3) developing the plan of measures to be taken;
4) implerhentation of the plan.

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

Integrated|wastewater treatment plant management forms the basis for the operation, maintengnce
and rehabflitation of the wastewater system. The information should be regularly updated for|the
future marnagement of the wastewater'systems.

For large yastewater systems,-for’example one serving a large city, a strategic outline integrated
wastewatefr treatment plant management plan can first be developed following an outline investigation
of the whole asset system: More detailed plans can then be developed for each sub-catchmenf or
treatment plant within the'context of the strategic outline plan.

The integrjated wastewater treatment plant management plan should be further developed dufing
the implerhentationvphase by subsequent investigation, assessment and planning to develop work
programm[s andrindividual projects to implement the plan.

The given houndary conditions should be considered.

4.4.2 Strategies for the management of assets

The strategies for the management of assets should be based on objectives and requirements (see 4.1)
included in the wastewater master plan. The risks of not achieving these objectives and requirements
should be identified and managed appropriately. Based on whichever of the following two strategies,
the condition-based or inspection strategy or the incident-based or failure strategy is chosen, the
risks can be estimated and controlled.

To increase the likelihood of achieving the objectives and requirements as stated in 4.1 the wastewater
infrastructure assets should be managed and maintained according to the condition-based or
inspection strategy.
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A proactive inspection will enable more efficiencies, though reactive and proactive maintenance, and
will need to be appropriately balanced for a particular wastewater utility. A greater level of proactivity
and subsequent ability to be more strategic and prioritized in rehabilitation will help a wastewater
utility to be more capable of attaining its levels of service, as measured by performance indicators.

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

Organizational constraints, continuance of existing practices or acceptance of low“\impact risks’
congequences can lead to use of an incident-based or failure strategy which incurs lower mpintenance
costs in the short-term but can lead to disproportionally high costs in the leng rur. Probable
congequences can include:

— |deterioration of assets leading to decrease of value;
— |inadequate operating safety margins;

— |increased failure rates;

— |flooding.

The risk of failures and inadequacies can be extremely high. An incident-based or failure strategy
usuplly can only be successful if the risk linked to the<asset is low and should not be affdcted by an
inctteased downtime.

Fundamental prerequisites for economically efficient management of assets should be definfed as early
as gossible, including the design and construction phases of wastewater infrastructure.

Strgtegic planning of wastewater treatmeiit plants should intersect with the strategic planning for
the| development of the whole wastetvater system. Although there are technically very different
reqpirements, they are inherently closely coupled.

Wastewater systems are typically: physical infrastructures with a very long useful life. Perigds of many
dechdes should, as far as possible, be considered in the strategic planning.

An pppropriate level of ¢avé should be exercised during planning on the strategic level due fto the very
high levels of investmegnts in the wastewater system and the technical and financial implications of
subkequent adjustments.

4.4]3 Periedsof planning

The sustaihable process for the management of assets is, on the basis of the planning period under
revlew, subdivided into the following three interdependent logical steps, see Figure 3:

— long-term planning (strategic planning);
— medium-term planning (tactical planning);
— short-term measures (operational planning).

NOTE The duration of the planning stages is dependent on local circumstances and the context of the
installation environment.

Common time horizons are:
— strategic planning, about 20 years to 40 years;

— tactical planning, about 2 years to 5 years;
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— operational planning, next year.

The step “strategic planning” focuses on the scope of measures and the budgets required to achieve and

to maintain treatment plants' condition levels.

In the step “tactical planning”, the required measures should be determined and prioritized for a
medium-term period based on a wastewater system evaluation and, at that time, the technologies and

materials should be preselected.

In the step “operational planning”, the actual execution is then examined and fixed taking poss
alternative measures into consideration (e.g. execution of the rehabilitation measures in terms of

degree of fr—f_'_rf‘—b_d‘rﬂ_[—r}_l_t_ﬁ'glaency Of pumping stations, combined heat and power (cogeneration) plants, centriiuges,
material amd construction methods).

ible
the

The logical steps cannot be considered as independent and their results with regard to managenjent

strategy, planning and implementation measures should be harmonized not only with one‘another,
also within the strategic approach and capacity planning (e.g. upgrading, modification, consolidat
decommisgioning of parts of the assets or the asset system).

Strategic Plan > Tactical Plan >Operational Plar>

Increasing intensity of work and degree of detail

Figure 3 1— Logical steps for the implementation and evaluation of targets for the managems
of assets

4.4.4 Stryategic level activities

Decision-naking support requires in the first stephe identification of measurable strategic object
(see 4.1) arjd the necessary evaluation and measurement of the objectives. Common activities relate
determinir)g strategic objectives should includesthe following:

— establishing acceptable/required levels of service, public and occupational safety, public
occupdtional health protection, environmental protection and user satisfaction;

— expregsing those levels in the form of performance indicators;
— linking those performance’indicators to asset performance indicators;

— establishing adequate tariffs and billing coverage and recovery rates suitable in time to ens
sustainable revenueés;

— quantifying sustainable infrastructure funding requirements and ensuring predictability;

— assess|ng.capacity against future demands;

but
ion,

ent

ves
d to

and

ure

— evaluating and adopting maintenance and rehabilitation strategies from the possible approaches to

draft the strategic plan;

— establishing effective risk control measures and necessary levels of resilience within the entire

wastewater system,;

— controlling costs.

4.4.5 Tactical level activities
Activities on a tactical level should include:

— analysing infrastructure asset life cycles;
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— establishing 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 that the required maintenance is performed;
— |controlling costs;
— |preselection of process and rehabilitation technology and materials.

A mlajor activity at the tactical level is the process of reviewing indicators to determine only productive,
useful and coherent information, to avoid overloading the informatiod hanagement prjocess. The
infqrmation should be manageable and relevant.

4.4|6 Operational-level activities

Actlvities on an operational level should include:
— | collecting, monitoring and reporting asset operationalinformation and condition, see Clause 5;
— |controlling costs;

— |planning maintenance schedules;

— |implementing preventive and corrective,maintenance activities;

— |operating the wastewater system within its operational parameters;

— |responding to incidents, asset.failures and emergencies, and restoring service;
— |selection of process and rehabilitation technology and materials;

— |implementation of rehabilitation projects.

5 |Investigation

5.1 Genetal

Theg inveStigation should be carried out in order to make an assessment of the conditipn and the
performance of the wastewater treatment plant and its components. T

Investigation is the first stage in the integrated management of a wastewater treatment plant as
described in 4.4.1.

Damaged, defective or incorrectly sized assets represent a hazard for wastewater service provision
and the protection of receiving water bodies, groundwater and soil.

Data about age, period of operation, maintenance intervals and history of disorder support investigation
and condition assessment. The results of the investigation should be backed up conveniently in a
database to facilitate subsequent evaluations. The structure of the database should build on an asset
labelling system, which assigns a unique identification to each important asset.
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In addition to the assessment of the condition of assets an investigation of the relevant processes should
be done. This could, for example, be done on the basis of individual performance tests of functional
groups, or on the whole treatment plant. These results should be documented accordingly.

The problems found in existing wastewater treatment plants are frequently interrelated and upgrading
works can often be designed to overcome a number of problems at the same time. The investigation
and planning should be carried out on complete drainage areas so that all problems and their causes
can be considered together. In large wastewater systems, it can be necessary to start by investigating
appropriate parts of the treatment plant. The procedures described in this document can be applied
in any wastewater system, but detailed application should take account of the age, capacity, location

and type of the treatment plant, the materials used in its construction, together with functional and
climatic fagtors.

5.2 Purpose of investigation

Investigatipn should be carried out in order to make an assessment of the performance and |the

condition g

invest

f the wastewater system. This can include:

gation aimed at tactical planning;

— investigation aimed at operational planning.

The purpo
degree of d

The assets
necessary
pumping s
treatment
aeration);
monitoring

etail, desired level of accuracy) and the way in which theresults are assessed.

of the wastewater treatment plant included in the.dnvestigation should be those that
to fulfil the purpose of the investigation. Examples include retention and detention ta
tations; inlet works; screens; sieves; grit chambers; light liquid/fat/oil/grease separat
plant tanks (stormwater, balancing, flocculation, filtration, flotation or settlement
reactors; filters; lagoons; ponds; wetlands;digesters; dewatering equipment; outfalls;

into accoumt in regard to their interaction with. treatment plants.

5.3 Detg¢

Following
out an invyg
of the was
environme

Based on
future invq
conducted

54 Typ

rmine the scope of the investigation

he review of the current performance information, it is possible to decide whether to c4

tewater system. The extent and detail of the subsequent investigation of the hydra
ntal, structural, process technology and operational aspects should be determined.

ce of the investigation influences the way in which it is carfied out (e.g. choice of method,

are
hks;
or's;
and
and

and control facilities. Data on assets of-related wastewater networks should also be taken

rry

stigation and whether(the’extent of the problems justifies an investigation of all facilities

1lic,

the technical €xpertise gained from these initial investigations the scope and formalt of

stigations should be defined. The investigations should be formalized as far as possible
accordingto uniform criteria and evaluated to ensure the comparability of the results.

ps Of investigation

And

5.4.1 Hydraulic investigation

Testing and inspection procedures can be required in order to ensure an adequate evaluation of flows
(wet and dry weather). Surveys can include precipitation and flow measurements. The results of the
hydraulic investigation can influence sewer control management and the operational management of
the treatment plant and pumping station(s). These dependencies between pumping station, wastewater
treatment plants, retention and detention tanks and the wastewater network should be taken into
consideration.

In some cases, a hydraulic or treatment plant simulation model is needed to understand the hydraulics.
The interaction between pumping stations, treatment plants, retention and detention tanks and the
network should be considered. Such a flow simulation model or a treatment plant process engineering
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simulation model should ideally be based on an as-built report updated after onsite investigation of the
main works.

5.4.2 Investigation of the process technique

The electrical and mechanical equipment in wastewater treatment plants can be controlled by a process
control system. Typically, this process control system consists of hardware and software. The entire
process control system should be monitored regarding interfaces with other IT-systems or external
communication links, and non-conformities investigated. The aim is to establish the existence, or not, of:
a proper maintenance reglme a patch management process; a complete and current set of documentation

9a | £ £, £l 11T TL. 1+ £l .
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shopild be documented as well as every subsequent change in the process control system.

5.4{3 Environmental investigation

Thg environmental impact depends on the nature of the wastewater and its,potential to escape from
thefasset system.

The quality of receiving water bodies should be ascertained to see whether they meet requirements
and if not, whether the wastewater system is a significant factor.

Consideration should be given to other environmental factors such'as noise, odour, visual inffrusion and
potential soil contamination.

The investigation can includel13]:

— |review of quality of discharged wastewater;
— [wastewater quality measurement;

— |wastewater quality simulation modelling;
— |water quality/pollutant condition stitveys of discharged water from wastewater treatment plant;
— |impact surveys on receiving water bodies;
— |leak-tightness testing;

— |groundwater quality-investigations;

— |impact surveys, for-éxample odour and noise.

5.4/4 Structural investigation

The structural investigations can include either a complete survey of the wastewater treament plant
or 3 moré&selective approach. Where appropriate, investigations should include the following: retention
and| detention tanks; pumping stations; inlet works; screens; sieves; grit chambers; light [liquid/fat/

oil/frwnr\cn canaratare: traoqatmant nlant tanlc (ctarm ]'\r\]f\nnlhn' flocculation filtration fotatlon or

Shibaid A A L e A ) T T e S T T o e oo e O T T e ot e r oTY;

settlement, and aeration); reactors; filters; lagoons; ponds; wetlands; digesters; dewatering equipment;
outfalls; monitoring and control facilities; and other buildings. Consideration should be given to the
age, condition, location and resilience (e.g. to natural disasters) of existing assets, including exposure to
geotechnical influences.

Where appropriate, other qualitative and quantitative investigation techniques should be used. These
include laboratory analyses and field condition assessment to identify the integrity and remaining
strength of an asset.

5.4.5 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. flooding, process interruptions)
should be reviewed.

The impact of operational problems on the hydraulic, environmental and structural performance of the
wastewater treatment plant should be determined from incident records.

Incidents such as unusual noise, vibration, heat and odour should be documented.
The causes of significant recurrent operational incidents should be investigated.

To deal with operational problems in an efficient way, it is necessary to investigate and understand
the causes

Control syptem technologies enable operators to evaluate more complex causes of failures~through
trend analysis providing an opportunity to assess interactions among the asset types. It applief in
particular with regard to the interactions between wastewater networks and wastewater treatnjent
plants and[between asset types within, and across, these systems.

To deal wjith operational problems in the most efficient way, it is necessary)'to investigate and
understang their causes and effects. Investigations can be required to determimnethe:

— locatign of assets;

— conditjon of assets;

— cause and location of failures;

— consuimption of energy;

— quality of construction or repair of structural and technical equipment.
Operationgl investigation techniques available include:

— diverseg electronic sensors;

— flow njetering;

— sampling and analysis;

— leak monitoring.

Irrespectiye of the strategyCand the methods used, wastewater infrastructure assets should be
monitoredfon a permanentdasis and their components and operating equipment should be maintained
and inspedted regularly.for their operating condition and functionality in accordance with functignal
asset requirements.

Even after|commissioning of the wastewater infrastructure assets a routine monitoring of the lev¢l 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 main i i i ; iti i
inspection are not available, all other available data based on condition assessment should be used.

A sufficient and reliable database of the inventory and condition of wastewater infrastructure systems
is essential for maintenance, including strategy, tactics and execution. It is based on the qualified and
quality-assured collection, processing, evaluation and storage of asset-related data. All maintenance
data, in particular from inspections, should therefore be recorded and documented.

Measurable inventory data enable decision makers to better identify the consequences of their
decisions and to avoid many errors in financial decisions that result from incomplete knowledge of their
infrastructure facilities and their requirements or demands. Without such understanding operational
problems can subsequently arise in the various components of the wastewater treatment plants.
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5.5 Data collection

5.5.1 General

Acquisition of data can be important but carries a cost. The wastewater utility should consider what
data are important to acquire promptly and what further data should be acquired opportunistically.
Details of types of data associated with a range of objects that can be important to inform the
wastewater utility's decision-making process are described in 5.5.2 to 5.5.5. The wastewater 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 reguiy
other information should then be collected during operational investigation of relevant cq

such as hydraulic volumes, inflow constituents, and environmental and structural factors.

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

Inveéntory data provide essential‘technical information on the assets of the facilities within a

tregtment plant. Table C.1 gives'examples of inventory data.
5.5[4 Condition data

5.5/4.1 Failuredata

Failure data-provide technical information on failures found in aggregates of assets of v
tregtmentplants and should be linked to inventory data. The following data should be colleg

— |date of documentation, after final remedy;

ed and any
mponents,

vastewater

rastewater
ted:

— date of failure occurrence;

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

— point of failure;

— type of failure;

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

— cost 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 the parametric values, flooding, interruption of a treatment
process).

The data on failures which were caused by events over which there is no control, for example natural
disasters such as earthquakes or floods, can provide crucial information and are particularly important
for the rehabilitation strategy as well as for contingency and emergency planning. 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 wastewhter
treatment [plants should be acquired as it provides valuable information on the prioritizatiop of
rehabilitatjon measures.

The availability of condition data on wastewater treatment plants can be limited, with the-data methods
differing fundamentally from the collection of inventory and failure data.

The followjing data should be collected, if they appropriately describe the condition of the assets pnd
are obtaingble:

— date of condition data collection;

— definitliion of the assets' respective technical facilities (e.g. coordifiates, address);
— identiffication and plausibility information (e.g. material, size,definition of facility, part of the asget);
— conditjon/failure (e.g. temperature of bearings, efficiency’of pumps or motors);
— soundness and resilience to natural disasters;

— operatfional incidents;

— contexit data.

Context ddta, for example trade effluent in/ the catchment area, electricity supply, condition of|the
surface water body, earth movements/mining activities or topography, provide technical information
about the lpcal surroundings of wastewater systems, which should be factored into the risk assessnjent
process. Sde 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 should be acquired as it provides
valuable ipformation{en the facilities and components and on the prioritization of rehabilitafion
measures. See Table.(.3.

5.6 Dat3 registering 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 examples in Annex C and 5.4 and 5.5). The value of the data
increases in line with their quantity and quality registered and with the possibility to assign individual
data to the respective wastewater 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, 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
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/ sheet, computerized maintenance managément system (CMMS), enterprise-resourc
P) system, asset information system] is\recommended for processing and using ma3
ted data. Reference to individual assets should be preserved even when decommissia
e ceased to form part of a current faeility. Historical data also supply important infor
ising a rehabilitation strategy.

Review existing information

collection and review ef’all available relevant information about the wastewater treat]
et inventory) should'bée carried out and is the basis from which all other activities are sul

planned.

A ré

Thi
car

view shouldralso be undertaken of the information required to manage the wastewater

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

5.8

associated
ings) and/
ocesses or
limination

nd tactics,

nning can
htum level,
ds to their
hl data can

turing data [e.g. in a geographic information system (GIS), process and instrumentation (P and I),

e-planning
intenance-
ned assets
mation for

ment plant
psequently

ystem.

n order to

Inventory update

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

NOTE

The update of the other information is included in the hydraulic, environmental, str

operational investigations.

uctural and

At a minimum, 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, in existing systems is likely to be known
through reports of incidents such as breakdowns; malfunction of machines or valves; or deterioration
of wastewater quality (exceeding of limit or guidance values) within the treatment process. Data on
such problems can be gathered from online monitoring and from previous investigations. 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:

— hydrat
— perfor

results

Where larg
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lic performance analysis;
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of monitoring, performance and condition.
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h each drainage area (for example by comparing the cost of the investigation with the ber
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facilities and period for investigation;
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ted cost.
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[ing
ved
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bt facilities and the executign period for medium-term survey plans should be decided

mance of assets)in wastewater treatment plants should be assessed during construction, at

em.

hydra

visual

inspection;

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

possibly beyond the design limit;

24

dry weather flow assessment;

monitoring wastewater quality at various treatment steps;

wastewater quality measurement under different load conditions until going to the peak load,

monitoring of inputs to the treatment plant including substances toxic to the treatment process;
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— monitoring effluent quality, quantity and frequency at point of discharge to receiving water bodies;

— monitoring of discharge from wastewater network to treatment works.

The scope and the test methodologies to be undertaken to determine the performance of wastewater
treatment plants depend on whether it is a new asset, a rehabilitated asset, or a long-established asset
being tested.

The effectiveness of maintenance or the methodologies to be followed should be assessed by comparing
the performance of the wastewater treatment plant with the wastewater utility's objectives. In the case
of a condition-based strategy the equipment availability can be used as an assessment.

In 4

forms the basis for future planning.

6

6.1

Ong
tho

The
(sed
per

Assessment

Principle

Figlire 4 shows the process of assessment.

ddition, for reactive maintenance, target response times can be used as an assessmen

e the wastewater system has been investigated, the next stage is\te’examine the results
be areas requiring action.

. This also

to identify

performance of the wastewater system should be assesséd)against the performance requirements
4.1.3). The performance assessment should include the €valuation of risks of failure to
formance requirements (see also Reference [6]).

hchieve the

Results@f investigation

Assess Assess Assess Assess Assess
hydraulic environmental process structural operationgal
and pollutant impact condition condition deficiencips
elimination
performance
| | | | |
Compare with the performance requirements
| | | | |
Identify Identify Identify Identify Identify]
hydsaulic unacceptable process structural operationgal
and-pollutant environmental deficiencies deficiencies deficiencips
elimination impact
deficiencies

Identify causes of performance deficiencies and associated risks

Planning

Figure 4 — Process for assessment
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6.2 Assessment of hydraulic and pollutant elimination performance

Based on the results of the investigation of the processes, the performance of the wastewater treatment
plant should be assessed with regard to the requirements for the maximum required power demand.
This should consider peak flow, peak of polluting load and dry weather conditions depending upon
the sizing of the facilities. The resilience for normal operation should be safeguarded by the necessary
security and redundancy arrangements in accordance with risk management principles.

The results of the hydraulic and pollutant elimination investigations and/or the verified flow simulation
model and the treatment plant process engineering simulation model should be used to assess the
hydraulic and pollutant elimination performance of the wastewater system for a range of rainfall
conditions|and polluting loads related to the performance requirements.

ssment of process performance

nt of the wastewater quality at the prescribed interval and using the presoribed method of

ent process performance of a treatment plant should be monitored by manual and O:Fne
ent

er to more easily identify differences to the target values.

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

6.4 Assgssment of environmental impact

The resultp of the investigations should be considered together with information on the frequepcy,
duration gnd volume of discharges to receiving water,;bodies, determined using a verified flow
simulation|model or a treatment plant process engineering simulation model where this is availgble,
or from site measurements. This information should:then be used to assess the environmental impact
(including jmpact on soil and groundwater) of the wastewater system.

The result$ of the structural investigation, the'trade effluent survey and other relevant investigatjons
should be ¢xamined to identify:

— sources of hazardous effluents;
— exceedance of permissible concentrations and discharges including social consequences;

— other deviations from permits.

6.5 Assgssment of structural condition

Further crjteria are xelevant for the assessment of the structural condition of wastewater treatnjent
plants such as operational availability, stability, protection of the equipment against environmehtal
influences,| flood(protection and flood control, lightning protection, fire protection and escape roytes,
and protecftion against unauthorized access.

6.6 Assessment of operational performance

The operational performance of the wastewater system can be assessed by a number of measures. For
example, the number of operational incidents or failures occurring within a given time period. This
should be recorded in a database.

6.7 Comparison with performance requirements

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

26 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=3e4961ac575814d2f3ea5158c3bf5a8d

1SO 24516-4:2019(E)

Performance indicators are a method of comparing the overall performance of wastewater systems
with performance requirements and for comparing different treatment plants. They can also be used as
a basis for benchmarking purposes (see ISO 24523). Any performance indicators used should be:

— clearly defined, concise and unambiguous;
— verifiable;
— simple and easy to use;

— tied to level of service.

6.8 Identification of unacceptable impacts

Detpils of those parts of the wastewater system where the hydraulic, environmental, stfuctural or
operational performance does not meet the performance requirements should be-recorded.

6.9| Identification of causes of performance deficiencies

Basgd upon the results of the hydraulic, environmental, structural and eperational investigations, the
caupes of performance deficiencies should be determined. The relative impact and likeliho¢d of a risk
eveht resulting from each cause should be assessed against the utility’s risk criteria in order{to develop
appfropriate solutions and to set the priority for action.

7 [(Planning

7.1 General

The process of planning to fulfil the performance requirements is outlined in Figure 5.

Results of assessment
(see Clause 6)

Develop integrated solutions

Assess feasibility of solutions

Select optimal solution

Prepare action plan

Implementation
(see Clause 8)

Figure 5 — Process of planning
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7.2 Develop integrated solutions

Integrated solutions should be developed that fulfil the performance requirements, taking into account
risk considerations and expected future conditions. Various solutions that can be used for planning of
rehabilitation are listed in Table 2.

Table 2 — Solution types and options for rehabilitation

Type Option

Hydraulic

Optimize flow capacity

Source monitoring and inflow control — reduce the hydraulic input to the treatmentp

ant

Attenuate peak flows

Restore or increase treatment plant flow capacity (e.g. by replacing impellers of pum

DS)

Pollutant c

ntrol Optimize pollutant reduction

Source monitoring and inflow control — reduce the polluting load to thetreatment pl

Ant

Environme

ntal Reduce pollutant inputs to wastewater system

Decrease planned pollutant discharges to receiving water bodies

Decrease impact by relocation of points of discharge

Reduce exfiltration by rehabilitation measures

Process

Adjustment of capacities

Assurance of quality considering new legislative.framework

Optimization of energy use, improvement of efficiency, reduction of CH4 and CO3 emiss

ion

Reallocate structures of treatment plantsorf-the wastewater system

Optimization regarding population development and climate changes

Structural

Protect fabric of tanks by provision\of appropriate coatings

Rehabilitate fabric of structure

Operationall Undertake planned inspection-and cleaning of a facility

Optimize frequency of maintenance of pumps or pumping stations

Provide additionalesilience in the event of future failure (e.g. provision of stand
equipment or eme¥gency storage)

by

NOTE This

istis not exhaustive.

The combi
influence t

7.3 Asse€

The propo
should iny
regulatory

nation of individual-options should be integrated into an optimal solution, which

ss solutions

olvé_financial and performance perspectives of the utilities. External constraints
orogovernmental requirements) can take different perspectives (e.g. societal costs

he general wastewater masterplan, see 4.2.3 and Annex B, which should then be updated.

can

bed solutions can be subject to both internal and external constraints. Internal constrajints

e.g.
and

benefits).

oth perspectives are governed by financial limitations (current or future) on the availab

lity

of funds. For a wastewater utility where available funds could be limited, this also introduces the
economic notion of opportunity cost, i.e. if this measure is undertaken, then what other desirable
measure(s) might have to be postponed, or not taken within the time horizon. Therefore, the
prioritization of solutions, including cost-benefit analysis, should be performed.

Solutions should be assessed and the optimal solution selected with regard to the basic performance
requirements and factors to be considered, such as:

a) Safety in design, construction and operation — The minimization of risks to health and safety
during construction and subsequent operation of the wastewater system.

b) Social disruption — The disruption to local residents and other members of the public due to

traffic

28

delays, dust, noise and other social factors.
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c) Sustainable use of resources — The use of energy and other finite resources in the construction
and operation of the wastewater system. The ability to recycle materials used in the rehabilitation

works, and any waste produced.

d) 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.

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

f)

g)

h)

7.4

The
trea

Foulr types of plan can be prepared:

a)

financial) in the selection and phasing of the options.

costs of the wastewater system. The environmental impact of disposal of maintenan
should also be considered.

Economic appraisal — The costs and benefits of one solution over anotherto'‘determii
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 cos
life of the solution, including: temporary works and diversion of dther utility servi
construction; and during its subsequent decommissioning. All design, construction, iny

(e.g. cost of social disruption). When comparing different{options, the whole life cost
calculated over the same period for each option.

Prepare action plan

selected integrated solution should be documented to give a single plan for the
tment plant. The documentation should include:

detailed objectives;

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

priorities;

proposed works including costs and phasing;

relationship to other construction or planned development;

consequences for operation and maintenance.

New'development plan

Whora cignificont wovy dovalonaannt o o doualonaannt 1o o dan +tha drotnogn

Future maintenarnce liabilities — TNe cost of Tuture maintenance works and other ibperational

te residues

ne whether

Ls over the
es; during
restigation,

maintenance and operational costs should be taken into account, as well as the indlirect costs

should be

vastewater

VYV IICT CT ST T ICaIIc (ICvy otV CTOPITICTIC OT T Cc Oty CTopImIcIIe 1o propostt H—tRe—a¥f oo g o

should be produced showing:

— whether the wastewater and/or stormwater from the new development should be

ea, a plan

drained by

extension to an existing wastewater treatment plant or by an independent wastewater system

or, for stormwater, by a sustainable drainage and infiltration system;

— if the asset system is an extension of an existing treatment plant, the rehabilitatio
the existing treatment plant to accommodate the additional flows should be descr
rehabilitation plan for that treatment plant;

n works to
ibed in the

— whether surface water should be managed by surface water drains and sewers, a system of

open channels or by a sustainable drainage and infiltration system;
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— the attenuation requirements for surface water management, for example roof greening, on-
site ground infiltration;

— an

outline of the main sewer systems to serve the development.

b) Operations and maintenance plan

30

The operations plan should include inspection schedules, operational procedures and contingency
plans. The operations plan should indicate the approach to be taken in a particular wastewater
system. The plan should include:

1) In
ta

i)

ii)

iii]

vii

il

=

2) Pr

vi]

Mainte

£3 3 : Lol Laicl + ralo s ol Al oo 3 £
peetron ottt eSS et g whnttirassersatrecto et Sspectetant IS peetron T equctr

king into consideration the requirements and importance of each asset, for example:

wastewater treatment plants including screens, sedimentation tanks, aeration ta

facilities including grilles;

pipelines including inspection chambers, manholes, pipe bridges, abové-ground pipel
and outfalls, taking into account the gradient and/or velocity;

pumping installations, according to potential risk and type of equipment;
overflows and detention tanks, taking into account stormfrequency;
inverted siphons, depending on risk of blockage and potential consequences;
separators, according to technical requirements;
) gritchambers, gullies, and so on, taking into acceunt storm frequency, capacity and land

i)relevant equipment of the treatment plantsuch as pumps, buildings, grit chamber, scre
compressors and electrical equipment:.

pcedures for the operation of the components of the wastewater system:
operation of wastewater treatment plants;
operation of pumping stations;

operation of any special components (e.g. vacuum or pressure installations within
asset system);

setting dam%oards, valves and weirs;
operatior¥of detention tanks;
assignment of responsibilities for carrying out procedures.

nance plans should be based on maintenance schedules for each asset of the system inclug

ies,

ks,

filters, lagoons, sludge treatment facilities, chemical facilities, odour control'and outfflow

nes

[1S€E;

bns,

the

ling

a cleaning plan, a pest control plan, and an electrical and mechanical equipment maintenance plan.
These maintenance plans should consider:

3) The type of maintenance strategy to be used in each asset of the system and the monitoring
requirements and frequencies and related risk assessments which take into account the
probability of failure and its consequences. The strategies for maintaining treatment facilities
are planned or reactive maintenance, or a combination of both:

i)

Planned maintenance includes a program of work to remedy the defects and problems
identified during inspection. Priority should be given to assets where the consequences of

failure are severe.
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ii) Reactive maintenance involves responding to failures and problems as they are

identified.

It is appropriate for those parts of the wastewater system that can function with little or

no maintenance or where the consequences of failure are low.

c¢) Rehabilitation plan
Rehabilitation includes a wide range of activities to restore or upgrade the performance of a
wastewater system, including those examples shown in Table 3.
Table 3 — Scope of a rehabilitation plan
Examples of system-related measures Examples of asset-related mejasures
Regtore original — Remove extraneous flows — Cleaning
perfformance
— Repair
— Renovation
— Replacement (like for like)
Upgrade original — Maximize use of existing flow|— Replacemeht (increased or |decreased
performance capacity flow)
— Reduce hydraulic input to the
wastewater treatment plant
— Attenuate peak flows
The rehabilitation plan should include information on proposed rehabilitation works. The options
to be considered fall into one or more of thié four categories: hydraulic, environmental|structural
and operational performance. The works hecessary to upgrade an existing wastewatel| treatment
plant and pumping station to meet theperformance requirements should be incorporpted into a
rehabilitation plan. This should include:
a) details of the necessary upgrading works;
b) other options for upgrading the treatment plant and pumping station;
¢) any anticipated phasing of the work;
d) whether any.0fthe items are conditional on any planned developments.
Rehabilitation-includes a plan of work to remedy the defects and problems identified during
investigation
d) |Contingency and emergency plan
Contingency and emergency planning is the process of setting out procedures to be usefl in case of
crisis, for example significant breakdown of a part of the wastewater system. Effective contingency
and emergency plans should aim at restoring functional requirements in accordance with
previously agreed priorities (see 4.1.2, Table 1). They should also include procedures for dealing
with major failures and other emergencies resulting from the risk considerations, such as:
— accidental spillages of toxic, noxious or explosive substances;
— discharge of special substances used in firefighting;
— failure of pumping stations or (pre-)treatment facilities;
— flooding due to an exceptional rainfall event;
— effect of other forms of flooding on the wastewater system.
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Contingency and emergency planning should in particular guide the allocation and prioritization
of resources. Examples include investments in monitoring devices, emergency plant and system
resilience. Knowledge gained from past crises should also be taken into account for future strategic
planning and adjustment of operation and maintenance planning.

8 Implementation

8.1 Introduction

Create/

update plan \
Review Carry out
performance work
Monitor /

performance

Figure 6 — Process for implementation following the PDCA approach

8.2 Credte/update plan

For maintaining or impro¥ving the performance of the asset system, the objectives and functignal
requirements should firstly be established followed by the technical processes to investigate, asgess
and create[maintenange€; rehabilitation and operational plans to maintain or improve the performgnce
of the asset system:

Necessary|works to rehabilitate, maintain and operate the wastewater treatment plant should be
defined in tHerehabilitation, maintenance and operational plans.

The implementation plan should be updated as necessary. This includes updating to identify a path
forward enabling the wastewater utility to further improve its practice for management of assets, the
aim being to better attain its desired level of service while minimizing costs and effectively managing
risk. Improvement should be a continuous process. If the performance requirements change, then the
whole planning process should be repeated, as necessary, so that the entire plan remains up to date.

8.3 Carry out work

In the context of management of assets for extending, reducing or rehabilitating a wastewater treatment
plant, the following should be considered:

— selection of appropriate technologies and materials;
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selection of a contractor appropriately experienced in the use of the technologies and materials;

quality control of materials (specification and procurement);
quality of installation and conformity with installation requirements;

evaluation of the process performance of each asset.

Monitor performance

It is important to monitor the effectiveness of solutions, including the records (inventory) and the

pro

Monitoring data should be identified and captured. That is specifically relevant to.ide

extént to which performance indicators are attained in meeting the committed level’of se
thig specific data should be captured to minimize the effort of management of assets.

8.5
Thd
Thd
ind
9

9.1
Thd
in &
ope

Ope

Review performance
performance requirements should be reviewed periodically.

monitoring data captured should be reviewed to identify theyextent to which key pe
cators are attained to meet the committed level of service,

Operation and maintenance

General

purpose of operation and maintenance is to-ensure that the wastewater treatment plarn
ccordance with the functional requirements defined in Clause 4 and in accordancq
ration and maintenance plan.

ration and maintenance should énsure that:

the entire wastewater system is operationally ready at all times and functions
performance requirements;

the operation of the treatment plant is safe, environmentally acceptable and economical

as far as possibleythe failure of one facility of the wastewater treatment plant does no
affect the pesformance of the other parts.

Cess and hydraulic model or process engineering simulation model using performance IIicators.

ifying the
rvice. Only

rformance

t performs

with any

within the

y efficient;

[ adversely

Examples ofithe difference between the terms operation and maintenance are shown in Table 4.

Table 4 — Difference between the terms operation and maintenance

Term Retain original Restore Upgrade Examples
performance original performance
(routine performance
activities)
Operation Yes No No Monitoring, regulation of wastewater

valves and other equipment

flow, operation of pumps, ventilation,

Maintenance Yes Yes No Cleaning tanks, adjusting metering
equipment, lubrication of a pump or
valve; replacement e.g. of electrome-

chanical equipment or SCADA;
pipe, pump or valve

repair of a
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Effective operation and maintenance of a wastewater treatment plant are important elements for the
management of assets to keep the condition of the assets in their required states and provide for a long
service life for each asset. The operation and maintenance of a wastewater treatment plant depend on,
for example:

clear a

planning;

sufficient numbers of competent personnel;

ssignment of responsibilities;

suitab

knowl

adequj

There can
remedy fai

Flexibility
of it is tak
existing fe
present or
performan

9.2 Ope
The purpo

H i
A>3 bl.iull.}lllbllb,
pdge of the wastewater system, its operational assets and the users connected;

ite records and analysis.

Jures and problems within acceptable timescales.

of operation of the wastewater treatment plant, i.e. its ability to-function when a sec
bn out of service for maintenance or rehabilitation, is usually dépendent on its design
htures such as flow recirculation or flow-path duplication. However, if such features are
are insufficient, other measures (e.g. temporary bypasses).should be implemented to aj
ce interruptions.

ration

se of operation is to ensure that the wastewater treatment plant performs in accordd

with its fulpctional requirements and in accordance with-any operation plan.

Operation
of wastew
the functid
necessary

Operation
assuri
using 1
acting

regula

hter in the required quantity and quality can be achieved at all times. This is achieve
nal requirements of the operation @nd maintenance plans are met (see also 4.1.2) and
resources for this purpose are atailable (e.g. funds, expertise, personnel).

ncludes:

controlling tanks, filters, pumps) dosing and other equipment;

hg and monitoring the processes of treatment, pumping and discharge;
etention and-detention tanks;
in accordatice with contingency, emergency and safety plans;

rly inSpecting and documenting;

plso be requirements relating to the resolution of performance deficiencies, for example to

[ion
and
not
roid

nce

should ensure that the aim of the wastewater utility to successfully deliver the treatment

d if
the

measulring water and sludge quality;

proces

monitoring and controlling flow and wastewater and sludge quality;

pest control;

sing complaints.

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

The purpose of maintenance is to ensure that the wastewater treatment plant performs in accordance
with its functional requirements and in accordance with any maintenance plan. Well executed
maintenance will also contribute to optimization of assets’ operational lives and risk mitigation.

Maintenance includes:

pursuing a complementary balance of proactive maintenance with reactive maintenance to enable
a more strategic approach that aims to achieve an optimal combination of cost and risk mitigation;

A generally applicable maintenance strategy for all equipment cannot be stated. A risk ana

tocat Tepairortocat Teptacement of dammaged pumps; otoTs; valves or other equipTTeT
their accessories in order to maintain their functioning and safeguards;

maintenance of mechanical and electrical/electronic equipment;

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

t including

assets leads to information on selection of an appropriate maintenancesstrategy, from the

ava

the

The
que]

Fro

Wh

wider impact Upon the wastewater treatment plant because of the composite nature of the a

the
A bi

reliability.

goal is achieved through an analysis of each subject matter, which is based on th¢
stions:

Does the subject matter conform with functionperformance)?
Which disorder or failure can impair the fuiction?

What caused the error?

What is the effect due to the disorder or failure?

How can the disorder or failure be predicted or even avoided?

What can be done if the-disorder or failure cannot be predicted or avoided?

bn assessing/the impact of disorder or failure upon an asset, consideration should be g

wastewater treatment plant.

riefoverview of the alternative maintenance strategies available is given in Table 5.

ysis of the
ternatives

lable, which takes into account costs and the probability of sucCessfully achieving thle intended
ber:rfits. This is consistent with the “reliability-centred maintenance” (RCM) approach. This concept
focyises on the reliability of a subject matter and aims to reduce the'maintenance costs while

optimizing

e following

m the assessment-‘'of the answers to these questions the proper strategy can be derived
approximately, leaving @’degree of discretion on each subject matter.

iven to the
5set within
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Table 5 — Overview of maintenance strategies

Maintenance Brief description Advantages Disadvantages
strategy
Incident-based — No action, to determine the |— The service life — Unpredictable

maintenance actual state of the asset/ of the asset is occurrence of failure
system completely exploited
— Consequential failures
— Only failure-based repairor |— Low costs for are possible, which leads
replacement inspection and to uneconomical repair
documentation
Arineident—erfature
based-strategy caf
usually only be
successful if the Tisk
linked to the<asset is
low and ‘will not be
affectedby an increaged
downtime and
reddndancy is sufficient
Preventive[main- |— Few measures are taken for |— Low unplanned £~ High cost by low
tenance condition assessment failure probability utilization of service[life
— The preservation of the — Predictable — High downtime caus¢d
nominal condition of the decommissioning by repair
assets is performed by
preventative replacement of
wear and tear parts
Condition-lhased |— Ifthe condition of the asset |— Lowiunplanned — Higher costs for the
maintenange is regularly identified by failure probability determination of
inspection, the wear and condition
tear is defined as the limit |~ Predictable
deviation in regard to the decommissioning — ngher qualification f
nominal performance ) o the staff
— Optimal utilization
— Risk-based maintenahcé is of the service life
included
Predictive fnainte- |— Besides the deteymination |— The availability of |— High costs for
nance of the condition, it is also the complete asset troubleshooting
intended(to,improve the system increases
asset ahd to reduce the wear — Very high qualificatign
andfear — Longterm the for the staff
expenses for
maintenance
decrease
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 wastewater treatment plant is installed and operated, the highest expenditure of cost over its
life cycle is determined by the consumption of resources. These include energy, dosing agents, disposal
of residuals and personnel expenses for operation and maintenance plus decision making concerning
the rehabilitation of the wastewater treatment plant. If the cost of maintenance and operation of
the facilities increases beyond what is reasonable, or the quality of the wastewater or the legal
requirements for treated wastewater change, the rehabilitation of assets or parts of the wastewater
system can become necessary.

36
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The time for rehabilitation is thus determined by the life-cycle costs of the asset portfolio. Strategic and
tactical plans form the basis of the further procedure.

Therefore, a sustainable process for managing wastewater assets should be subdivided into the three
logical steps that build upon each other so as to be able to identify and assess, also by way of comparison,

the

a)
b)

short-, medium- and long-term impact of rehabilitation[12], (see 4.4.3, Figure 3):
determining a long-term rehabilitation strategy;

drafting a medium-term rehabilitation tactic;

c)

Det
per
was
defi
reh
of t

3 1 43 3 1 Lol o2 3 Ao 1 L yors
THTPTCTITCITCHT S U P CT atIoOTraT 1T CTra o catro T asur TS T CquIT COTIT CIrC-STIOT € CCT T

brmining a strategy starts by identifying the scope of rehabilitation works require
[inent budget on the basis of a long-term perspective so as to obtain and/or maintai
tewater system condition and the resulting level of service. The tactic includes idenf
ning the sequence of rehabilitation measures required in the medium term‘and pre-s¢

he rehabilitation work and taking into account possible alternative options.

Shofrter periods of review require more intense work on, and higher degrees of, detai

resj
pre
ind

10.

10.

Ar
tred
wit
the

The

pective sub-processes, entailing a higher total expenditure in_terms of both time and

vidual logical steps should be synchronised with one another.
2 Strategic plan for rehabilitation of physicakinfrastructure (long-term plan}

.1 General

bhabilitation strategy should be worked out for the entire drainage area and the v
tment plant(s). In larger plants it can be-necessary to develop specific strategies for sing
hin a plant. The rehabilitation strategy should consider all assets of the wastewater s
r interaction.

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

appropriately to the probableslang-term need for rehabilitation. Any subsequent review

suff
con
rev

Imp

Usu
con
of a

iciently frequent to address developments affecting the wastewater system (see 10.1])
dition and operation-oftall assets of the wastewater system should be considered in
ew period.

ortant indicationsfor a rehabilitation plan are the findings of maintenance and operation o

ally, singlépunits in function groups (i.e. exercising their function in the aggregate)
bined atd/then undergo a joint rehabilitation of the whole functional unit largely to take
corresponding improvement potential.

As ¢

d and the
h adequate
ifying and
lecting the

hbilitation technologies and materials. The operational level includes reviewing the actuall execution

ing of the
cost. More

Cise details render the necessary rehabilitation measures more concrete. The restilts of the

ning)

yastewater
le facilities
ystem and

responding
should be
. Function,
cetting the

Fthe assets.

should be
advantage

nrexample this can involve subdividing the treatment plant into the following major ass¢

ttypes:

inlet screens;

grit chambers;

primary settlement tanks;

aeration tanks;

secondary settlement tanks;

sludge treatment (e.g. conditioning tanks, dewatering, digestion, incineration);

other installations (e.g. electrical and mechanical equipment).
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Depending on the available data and following an analysis of the existing asset system, its assets within

major asset types should be broken down further, for example by:
— intake assets;
— the relevant treatment process including the respective facilities;

— pumping stations;

— equipment for general electrical supply (transformers, high, medium and low voltage switchgear);

— controlequipment and automation I'Prhnn]ngv'

— data tifansmission and supervision systems;

— metering technology;

— emergency power systems;

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

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

Certain arg¢as or asset types exhibiting unusual or exceptional underperformance, quality problg
exceptionally high operating costs or frequency of disorder that haye a major impact on the rehabilita
strategy should be broken down accordingly into asset sub-types'with advanced differentiation.

of the data and findings identified for the individual asset types.

Typically, the rehabilitation strategy varies between different major asset types depending
maintenanice strategy and risk assessment.

10.2.2 Stiategic approaches

A number ¢f different approaches are pessible for the formulation of the strategic plan on rehabilitat
These approaches can be combined to/achieve the optimal strategy for a wastewater system. Diffe
approaches can be suitable for different parts of the wastewater system, depending on local condit
and the rigk attached to consequences of failure. Service life can be simply estimated by age as a f
step. The gtatistical estimation can be used to understand future rehabilitation needs if the agg
deterioration was recognized in the inspection. When investigation results have been accumulated
assessed, it is advisabléto improve the level of estimation.

Possible agproaches\include:

ms,
[ion

jlitation need of the wastewater treatment plant or its facilities under review is determined

on

ion.
Fent
ons
irst
Ping
and

a) Asset yalue'approach — A financial-based approach that is used to ensure that rehabilitati
carried out at a rate that ensures that the value of the wastewater treatment plant at the end
specified period does not fall below a specified threshold.

n is
of a

b) Asset-type-related approach — One part of the assets of a wastewater treatment plant is selected
with common characteristics, requirements and properties, for example: a pumping station, a

treatment step, a monitoring system.

c¢) Condition-based approach — All components of a wastewater treatment plant are inspected
and those that do not meet some specified threshold condition are rehabilitated. If all components

cannot be inspected in a short period, a sampling survey and a screening method can be used.

d) Functional-related approach — This is built around the need for changes to improve

the

performance of the wastewater system (e.g. the need to reduce or eliminate discharges to receiving
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water bodies; to improve seismic resistance) and takes the opportunity to do other rehabilitation

work where this can be done more efficiently at the same time.

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

These strategic approaches, including their advantages and disadvantages, are shown in Table 6.

Table 6 — Advantages and disadvantages of different strategic approaches

Approach

Advantages

Disadvantages

Asqd

et-value approach

the changes in asset value of the
wastewater system can be made
transparent

suitable for determining a fixed-rate
budget

it is solely financially drivin

needs to be used incombi
other approache$

ation with

Asdet type-related itis easy to get a clearer view of the a detailed’¢ost estimate can only be
apgroach work and the benefits made-aftér detailed investjgation of
the area
itis possible to carry out the work in a
defined period problems remain for other]asset
types of the wastewater system for a
concentration of work on one asset longer period
type can be financially efficient
relevant asset types within
the wastewater system are
comprehensively rehabilitated
Condition-based status of all assets known by problems with a lower prigrity

apH

roach

capacity, alleviating problems before
they occur

apgroach inspection remain in the wastewater gystem for
alonger period
reduction in needfor reactive
rehabilitation loss of efficiency by the pofsible need
to carry out further workgin the
very efficient way of rehabilitation by same parts of the wastewqter system
selectihg only assets with high priority at a later time
the'eomplete treatment system is
mdintained to a defined standard
Furctional-related future-oriented planning creates cannot be applied as sole approach

Res

ctive approaeh

can be cost-effective where
consequence of failure is low

cannot prevent failures oc

can only be safely based on a risk-

based approach

Curring

Ris

k-based approach

optimal risk-cost ratio

can lead to deficiencies of

vater/

bundling of works to optimize time and
manpower costs

sludge quality, breakdown

service interruptions (if risks are not

managed safely)

sor

The reactive rehabilitation approach should only be used where the risk of failure is considered
acceptable, taking into account both the probability of failure and the consequence.

10.2.3 Budgeting

The rehabilitation budget required 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 assets and
treatment systems. The results of possible strategic system optimization activities should likewise be
included in the rehabilitation budget calculation.
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Since a rehabilitation budget calculated in accordance with the method described above only covers
the condition-based rehabilitation of a wastewater system, expenditures on third-party induced
replacements (in the absence of an urgent need for rehabilitation) should be added to the rehabilitation
strategy budget.

The future plans for rehabilitation work for the whole treatment plant should be estimated. Introduction
of maintenance to extend the service life of treatment plants reduces life-cycle cost and spreads the
levels of the rehabilitation cost across the years to an extent balanced with strategic proactive capital
improvements.

10.3.1 Ri

The tactic:
for examp
strategy fo
be identifie

Rehabilitat
requireme
effluent wg

The priorit
wastewatg
detention
cannot be ¢

The criteri
function. T
are of part
responsibl

The wastg
evaluation

The risk-a
likelihood

k-based approach to evaluation of priorities

1 plan for rehabilitation pursues the objective of implementing within the;medium tg
e within two to five years, the amount of rehabilitation determined by the Tehabilita
r the individual asset types. The operational rehabilitation plan required'for the task sh
d and prioritised.

ion needs should be determined according to standard lifespans.or consideration of of
hts (e.g. due to changed structural design codes or legislative requirements regar
ter quality or sludge treatment).

ization of measures for various parts of the wastewaterdreatment plant or even the w}
r system (e.g. wastewater networks, pumping statiesns, treatment plants, retention
fanks, sludge treatment facilities, IT infrastructuse) including asset types is difficult
basily compared. The prioritization criteria shouldbe made as objective as possible.

a for prioritization should be based on the’risk emanating from an asset or affecting
his risk results from the likelihood of occurrence and the consequence of failure. Health r
icular importance for all stakeholders.‘A key concern for the wastewater utility/opera
e body, in addition to the costs of lossyean be the avoidance of reputational damage.

water utility should define utility-specific risk-assessment criteria that support a 1
approach and are capable of producing risk-evaluation results for each facility.

sessment process firstly,;requires establishment of risk-analysis criteria for a risk evd
[ probability) of failupeor occurrence and its potential impact (extent of failure or disord

bment criteria can b€ subdivided into the following groups:
obability of failure occurrence can be deduced from:
e failuredevelopment in a component (individually or in aggregate);

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

fion
uld

her
ling

ole
and
and

its
sks
for/

isk-

nt's

Br).

Tacteristics of Imatvidual assets;

efficiency);

knowledge about fluctuation of level of service.

obability of occurrence of impairments can be deduced from:

erational experience;

2) measured values;

3) calculations;

Risk-asses

a) The pr
1) th
2) th
3) ch
4)
5)

b) The pr
1) op

40

other condition data of machinery or technical facilities (e.g. corrosion, cavitation, loss of
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4) user complaints.

The extent of failure or disorder can be assessed in relation to, for example:
1) hazardsto
i)

ii) assets (tangible and intangible);

persons;

iii) environment;

Hay
was
bas
on {
for
Ris]

Figlire 7 illustrates the risk-assessment process leading to the evaltation of the priority o

reh

2) awastewater utility’s image/public perception.

ing identified, described and analysed each risk using a consistent set of risk-analysis
tewater utility should then evaluate the relative significance of each risk compared with
bd on a consistent set of evaluation criteria. Evaluation results serve to assesslie risk for
he basis of predefined criteria. The evaluation results for the entire wastewater treatmg
ndividual components should determine the rehabilitation priority ranking of the assets
x can be expressed by a variety of units.

hbilitation.

criteria, a
the others
each asset
nt plant or
concerned.

F assets for

Identificationa> Description> Estimation > Evaluation'’® > Strategy >Rehabilitation

Risk assessment | Decision . Risk

control

10.

A ri
for
in 4
how
cha

Eac
eva
the

Of each risk individually.
Of all risks relative to one another.

Figure 7 — Process of risk assessment, decision making and risk control

8.2 Individual risk evaluation and prioritising for risk control

sk-assessment process, (4.3) should be defined and documented that contains the relev
the relative evaluation of the risks. Application of the process will produce data, fq
he form of points)scored, with serious risks scoring more points. The process should
' the risk assessment should be applied to assets and asset types with both similar and
Facteristics:

h criterion should be applied to asset types of equal technical characteristic. The fi
uation can be attained by comparing the individual evaluation results. As this step
mest crucial procedure in the process, it should be prepared and coordinated with du

int criteria
r example
determine
dissimilar

nal overall
constitutes
b care. The

co

pination or the individual evaluations should correctly reriect the weignting or the Crit

ria against

each other within the same asset type and across similar asset types. Sorting the evaluation results
then yields the competing priority ranking of the rehabilitation measures planned for the medium term.

When selecting evaluation criteria, care should be taken to ensure that information about each
criterion is available for each component or else the evaluation results can be distorted. The source and
reliability of the information should be documented and should be considered in the evaluation process.
The absence of information should not be a reason for excluding a risk from the evaluation process.

The list of competing priorities emerging from the evaluation of risks should provide the following
information about the individual assets or asset types as a minimum requirement:

— unambiguous identification of an asset (technical data);
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