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Assessing the Serviceability of Sewerage
Infrastructure

George Heywood and Jeremy Lumbers, Tynemarch Systems Engineering Ltd

Introduction

As the AMP3 period begins, companies are more aware than ever of the need to target
investment to make best use of scarce resources. Increasing regulatory pressures demand
further efficiency savings in both operational and capital costs, whilst continuing to require
evidence of stable or improving asset serviceability.

This paper describes a general-purpose prioritisation approach which has been used in a
number of water industry asset management applications, but is considered here with
particular reference to sewerage serviceability.

Serviceability
Ofwat use the word “serviceability” to refer to “a company’s performance as perceived by
customers” and distinguish this from “performance” which they define as “the assessed
operational capability of a group of assets”.(1)

The current measures of serviceability used by Ofwat for the sewerage service comprise:
•  properties subject to flooding incidents (DG5)
•  properties at risk of flooding from sewers (DG5)
•  sewer collapses
•  pollution incidents

It has been proposed that the ideal measure of serviceability would exhibit the following
characteristics(2):
(i) be a direct measure of an aspect of the service experienced by customers
(ii) be entirely under the control of management
(iii) not restrict management options for managing the business
(iv) be a leading indicator (i.e. an indicator of potential future problems)

Clearly it is difficult to achieve all of these in practice, and (ii) may be impossible with respect
to the sewerage service.

These proposed characteristics are appropriate to satisfy the Ofwat requirements of a
serviceability measure, which are primarily to assess and compare overall company
performance without the need for within-company prioritisation.

In addition, the requirements of the regulator appear to be biased more towards the realistic
assessment of current and past performance (emphasising requirement (i)), and are less
concerned about requirement (iv).

In contrast the requirements of water company management, particularly following the
outcome of the periodic review, are focused more towards within-company prioritisation and
predicting the locations where future serviceability shortfalls can be expected.

The methodology described in this paper is particularly suited to these requirements since it
builds a set of serviceability indicators which remain closely focused on customer service
objectives whilst being derived from factors which are known leading indicators of
serviceability risks, and which generate results which can be used for prioritisation at the level
of the catchment/sub-catchment or other appropriate asset group.

A risk-based approach
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The serviceability indicators developed are risk indicators since they are based on a
combination of the tendency for serviceability failure, combined with the severity of the
consequences of that failure. For example, when assessing the serviceability of two sub-
catchments with respect to the avoidance of flooding, a higher priority would be given to a
city-centre area as compared with a rural area with the same likelihood of flooding.

Methodology outline
The following is a brief outline of the principal components of the approach:

1. The asset group to be used in the analysis is defined (e.g. sewerage sub-catchment,
sewer length, pumping station)

2. Serviceability indicators are proposed which cover the required range of regulatory and
customer service obligations (e.g. avoidance of flooding, avoidance of pollution,
avoidance of public nuisance)

3. For each serviceability indicator, a panel of experts identifies factors which are judged to
influence either the tendency for failure with respect to that aspect of serviceability, or the
severity of the consequences of that failure. At this stage no account is taken of the
availability of data relating to these factors.

Factors which may be used include asset attributes such as pipe material and pump type,
as well as environmental factors such as soil type and traffic loading. Current
performance measures may be included as factors where these are judged to be good
indicators of expected future serviceability. Factors relating to local operational policy may
be included where these are influential (e.g. pro-active jetting).

4. These factors are arranged into a hierarchical structure describing the dependencies
between the identified factors, as shown in Figure 1 below. For example, it might be
judged that the tendency for flooding depends on hydraulic capacity, the presence or not
of an overflow, and pumping station reliability, and that pumping station reliability in turn
depends on pump type, pump age, etc.

Factors may be combined together in a number of alternative ways in order to best
represent the manner in which they are believed to interact to influence serviceability.

translation
function

causal factors and/or failure modes

factors

asset and
environmental

attributes

Tendency

Figure 1 – Typical structure of a tendency to fail serviceability tree
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5. The relative importance of each identified factor is assessed by an auditable technique
using in-house software, resulting in weights being allocated to each node within the tree.

6. Data sources are identified which can be used for scoring each bottom-level factor. In
some cases there is a need for data collection or operational judgements, or for the
identification of surrogate measures. Basic data can be processed in a wide variety of
forms e.g. single numbers, labels (e.g. “rural”), or tables of information such as those
required to define the pipe material distribution of drainage catchment.

The methodology has been developed to make best use of all available data, allowing
incremental improvement as additional sources become available.

7. For each bottom-level factor, the panel of experts is again involved in selecting
appropriate translation functions to convert attribute data into consistent scores. The
available scoring systems include look-up tables, linear functions, etc. and can be
customised.

8. Software is used to calculate the values of the serviceability indicators for each asset
group. The score for each indicator is calculated by combining the scores for the
associated tendency and consequence trees as shown in Figure 2. These indicators are
then combined as a weighted sum to derive a combined serviceability score for the asset
group (Figure 3).

Serviceability indicator

Tendency Consequence

Figure 2 – Combination of serviceability trees to derive serviceability indicator

Serviceability indicator 1

Combined serviceability score

Serviceability indicator 2 Serviceability indicator 3

Tendency Consequence Tendency Consequence Tendency Consequence

Figure 3 – Combination of serviceability indicators to derive combined 
serviceability score
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Software implementation
The software consists of a database that stores various asset attributes, serviceability tree
structures and factor weightings, plus a calculation module which produces the serviceability
scores. A user interface is under development which will allow use and subsequent adoption
by client organisations.

The software can be configured to access data directly from corporate asset and operational
databases.

On-going maintenance
Once developed, it is important that the serviceability trees are reviewed periodically in order
to ensure that they continue to reflect current best judgements. Serviceability indicator scores
can be compared with actual asset performance, allowing the trees to be refined and future
predictions to be improved as the ‘calibration’ of the system is enhanced.

Key benefits
The key benefits of the methodology are as follows:

•  investment decisions can be made on the basis of comparative estimates of existing and
future serviceability, defined with respect to customer benefits and regulatory
requirements, and reflecting the company’s own business priorities

•  the serviceability assessment is auditable and consistent, allowing resources to be
allocated between company areas on a rational basis

•  the serviceability trees can be modified over time as company knowledge improves and
further data sources become available

•  the serviceability indicators take account of differences in the potential consequences of
serviceability failure (e.g. sewer collapse)

•  the combined serviceability score allows the comparison of alternative investment schemes, even
where these each address a complex combination of serviceability issues

•  the results can be used within the framework of an economic assessment of alternative investment
strategies

More quantitative approaches
The methodology described in this paper is semi-quantitative in the sense that it provides a
numeric result which can be used for prioritisation and option comparison, and exploits
available real data as a primary input.

For other applications, Tynemarch have developed more quantitative approaches including:

•  a FMEA-based methodology which has been applied to above-ground assets and which
is able to estimate the expected number and severity of failure events

This approach involves the estimation of failure probabilities based on company or public
domain data. The method guides the collection of appropriate asset data from corporate
information systems supplemented by field surveys as required.

•  a quantitative risk assessment (QRA) methodology which has been applied to the ranking
of investment schemes to improve security of water supply, involving the use of
consequence modelling and optimal responses to failure within a Monte Carlo simulation
framework(3)
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Discussion

Comment Richard Ashley University of Bradford

Transparency is an issue, every one can see what is used. In recent studies it has been
shown that simpler methods gave similar answers to more complex ones and were much
more transparent.

It is also important that stakeholders understand how their judgements are transferred to a
weighting.

At the workshop stage you take the views of the stakeholders, but who chooses the people ?
What was the special technique used to derive the weighting factors?

Answer

We have a method based on software developed internally. This uses parings, which is better
than weighting 7 or 8 factors.

Question Elliot Gill Halcrow

Have you had many surprises from the results?

Answer

Yes and no. If you have a surprise people say I do not believe that and review the results and
parameters. Sometimes it all seems to make sense on the first impression.

Question Manfred Schuetze Imperial College

How sensitive are the judgements to the weightings of the indicators? Do they give different
results?

Answer

Quite sensitive , you need to look carefully at the sensitivity of the parameters.

Question Peter Kolsky London School of Hygiene & Tropical
Medicine

Do you look at a weighted sum or a multiplication technique?

Answer

Not a weighted sum but not quite a multiplication.

Comment Andy Eadon Haswell Consulting Engineers

It is important to remember that in UK 98% of population is connected to a sewer system,
99% are not flooded and we only have 3% dereliction.
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