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B3 Maintaining Service and Serviceability

B3.0 Executive Summary

This section B3 of our Business Plan details our approach to Capital Maintenance Planning 
over the AMP5 period and beyond. In developing our plans, we have followed the company 
strategy set out in our 2007 Strategic Direction Statement “Water Services, Customers and 
the Community”. We have also undertaken comprehensive consultations with our customers 
and other stakeholders to identify their priorities for the future of water services. This has 
included consulting our customers on the contents of our Draft Business Plan, which has 
helped us to focus our Final Business Plan.

The planning process has been lead from the top of our business by the Board and Chief 
Executive and robust management structures used for the day-to-day operation of the 
business have been used to manage the delivery of this plan.

We have used a forward-looking risk-based approach that is entirely compliant with the 
principles of the Common Framework for Capital Maintenance Planning to derive our future 
investment requirements. This has been undertaken by starting with a review of our current 
levels of serviceability and identifying where these need to improve. For the sewerage 
infrastructure service, we have obtained evidence from customers of how much they are 
prepared to pay to increase our level of performance in this area. We have therefore applied a 
cost-beneficial approach (where the costs of our work are less than or equal to the amount 
that customers are willing to pay for this increase). For all other service areas, our 
performance is stable and customers have not indicated a willingness to pay for 
improvements, so we have selected the cost-effective planning objective (where the costs of 
our proposals are less than the costs associated with the failure of these assets, whilst 
maintaining the current level of service).

We have used risk models, developed by Tynemarch, to forecast future levels of service and 
costs with and without capital maintenance. This has demonstrated the level of expenditure 
required to achieve a stable level of risk, i.e. no deterioration in serviceability as required by 
Ofwat MD212.

Table B3.1 and Table B3.2 below show that the analysis has identified a need for increased 
expenditure in AMP5 for water supply works, water distribution mains, service reservoirs, 
wastewater treatment works and sludge treatment and disposal to maintain current levels of 
service. We have partially offset these uplifts by identifying opportunities to reduce 
expenditure in other areas. In addition, we have demonstrated that customers are willing to 
pay for increased investment in sewerage infrastructure in order to achieve improvements in 
serviceability. Throughout our plan, we have been conscious of the impact of our proposals 
on customers bills and in a number of areas, we have spread expenditure over a longer 
period to smooth out peaks in activity and cost. This is also an acknowledgement that our 
business should take some of the risk of future asset performance.

In addition to our plan for our water and sewerage assets, we have also put forward an 
investment programme for IT. We have shown that improvements in IT are a key part of 
delivering other parts of the plan and are also key to our business becoming more efficient in 
the future.

Since the Draft Business Plan submission, we have undertaken validation of costs and failure 
rates where we have been able to obtain additional data. We have also undertaken additional 
Expert Panels to check our previous results. Since the Draft Business Plan submission, we 
have reviewed our capital maintenance outputs against outputs from other programme areas 
(Quality and Growth in particular) and undertaken a review of overlaps. This has enabled us 
to remove some expenditure from the Final Business plan. We have also commissioned an 
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independent review of our Draft plan against the Asset Management Planning Assessment 
Process (AMPAP) tool to identify areas for improvement for the Final Business Plan 
submission. This document reflects those recommendations.

B3.0.1 Capital Maintenance Expenditure Comparison

Table B3.1 and Table B3.2 show a comparison between historic (AMP4) and AMP5 forecast 
expenditure across all asset types.



Southern Water

Final Business Plan 2009

B3.3

Table B3.1. AMP4 and AMP5 expenditure comparison across all asset types

£m (07/08 prices) 
AMP4 

Forecast 
Expenditure

AMP5 
Forecast 

Expenditure

Comment on change

Water

Water Resource Facilities Drought expenditure 
advanced in AMP4

Water Treatment Works FMECA approach 
developed for PR09

Water Distribution Mains Based on deterioration
models

Service Reservoirs and 
Water Towers

Serviceability risk based 
approach

Water Pumping Stations Drought expenditure 
advanced in AMP4

Management and General Projects to align with IT 
Strategy

Total

Sewerage

Sewerage Serviceability 
improvements in line 
with customers 
willingness to pay

Sea Outfalls and Headworks

Sewage Treatment Works First time maintenance 
of growth legacy, 
recognised in Common 
Framework approach

Sludge Treatment Centres Large percentage of 
treatment centres of 
similar age coming into 
increased maintenance 
requirements

Sludge Disposal Diversification –
reduced 
risk/dependency  to land 
disposal 

Sewerage Pumping Stations Previous expenditure 
associated with ‘one-off’ 
issues

Management and General Projects to align with IT 
Strategy

Total
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Table B3.2. Breakdown of historic (AMP3, AMP4) and AMP5 forecast expenditure across all 
asset types

AMP3 
Expenditure

(£m)

AMP4 Forecast 
Expenditure

(£m)

Actual 07/08 
Prices

Actual 07/08 
Prices

AMP5 
Forecast 

Expenditure
(£m)

Water

Water Resource Facilities

Water Treatment Works

Water Distribution Mains

Service Reservoirs and Water Towers

Water Pumping Stations

Management and General

Sub Total

Exceptional Item – Meter Replacement

Total

Sewerage

Sewerage

Sea Outfalls and Headworks

Sewage Treatment Works

Sludge Treatment Works

Sludge Disposal

Sewerage Pumping Stations

Management and General

Sub Total 

Exceptional Item – Sludge Incineration
(AMP5 partial expenditure)

Exceptional Item – Brighton & Hove 
CHP

Exceptional Item – Hydro Recovery

Total

Total

MNI

IRE
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B3.0.2 Capital Maintenance Output Comparison

This section summarises the outputs forecast for AMP5 compared to historic levels of activity 
for infrastructure assets.

Table B3.3. Capital Maintenance output comparison

Outputs 
AMP4 

Forecast 
Length (km)

AMP5 
Forecast 

Length (km)

Comment on change

Water Distribution Mains 135 256 Based on deterioration models

Sewerage 140 232 Serviceability improvements in 
line with customers willingness to 
pay

B3.0.3 AMPAP Spider Diagrams

We have reviewed our Final Business Plan B3 document using the AMPAP criteria and our 
understanding of the additional “Balance” criteria used by OFWAT in the Asset Management 
Assessment. Included below are the results of our self-assessment in the format of spider 
diagrams for each of the 4 water and sewerage services. In each diagram, we have shown 
our FBP assessment against the OFWAT DBP scores used in the CIS baseline.

B3.0.3.1 Water Infrastructure

SWS
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B3.0.3.2 Water Non-infrastructure

DBP OFWAT FBP SWS

B3.0.3.3 Sewerage Infrastructure

DBP OFWAT FBP SWS
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B3.0.3.4 Sewerage Non-infrastructure

DBP OFWAT FBP SWS

B3.1 Service Summary: Planning Objectives Direction and 
Delivery – Water Service

B3.1.1 Changes from the Draft Business Plan

This section provides a summary of the changes to this document since the Draft Business 
Plan submission.

B3.1.1.1 General

We have commissioned an independent review of our Draft Business Plan Section B3 
document against the UKWIR AMPAP methodology to determine particular areas of apparent 
weakness in our Draft submission. Following discussions with Southern Water, our 
independent reviewer determined that adequate processes were in place and were followed 
for Asset Management Planning and that many of our low AMA scores were the result of a 
lack of information presented.

As a result of this review, our Final Business Plan Section B3 submission has changed in 
structure and now contains much more information on our approach to Asset Management 
Planning. We anticipate that the additional information available, together with clearer 
presentation, will improve our AMA score used in setting the Final CIS Baseline.

B3.1.1.2 Changes to forward-looking analysis for non-infrastructure

We have made a series of improvements to our forward-looking analysis used to identify our 
investment requirements between DBP and FBP submissions. These are detailed below.
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B3.1.1.2.1 Generic failure mode workshops

One additional failure mode workshop was held for each facility type (e.g. Water Supply 
Works, Water Booster Stations). The workshop focused on reviewing the judgements 
associated with those failure modes that were identified as having the most significant impact 
on the DBP results.

The changes made to the failure modes lead to both increases and decreases in expenditure 
requirements, but the net effect for water non-infrastructure was a reduction in proposed 
AMP5 expenditure.

B3.1.1.2.2 Derivation of failure rate curves from Ellipse work order data

For seven failure modes (covering water and sewerage assets), sufficient work orders and 
asset installation dates were available to allow failure rate curves to be developed from data. 
In four of these cases the resulting curves were similar to those derived from workshop 
judgements, and the original curves were retained.

In three cases there were discrepancies and the new data-derived curves were adopted. Two 
of these cases related to WTWs (primary sedimentation and humus tank scraper equipment), 
where the changes resulted in a reduction in the capital maintenance required.

B3.1.1.2.3 Changes to intervention costs

In the Draft Business Plan analysis, intervention cost models derived by Faithful & Gould 
were applied in the optimisation without any additional on-costs. On-costs were added after 
the optimisation process. For the FBP submission, we have now added on-costs for Southern 
Water inputs to the cost models used in the optimisation models. This, together with other 
changes to the Faithful & Gould cost models since DBP has had the effect of reducing 
intervention costs by 12%.

B3.1.1.2.4 On-cost factor applied to repair costs

In our Draft Business Plan analysis the repair costs provided by the Expert Panel attendees 
were applied in the optimisation without the required on-costs. In the Final Business Plan 
analysis these have been subject to the appropriate on-cost factor.

B3.1.1.2.5 Site specific failure mode workshops

For 22 selected sites, site-specific failure mode workshops were held in order to improve the 
asset data required for the analysis and to review the most significant failure modes. The net 
result was an increase in expenditure requirements for these sites.

B3.1.1.3 Consideration of Overlaps

We have been able to reduce the Capital Maintenance investment requirements in AMP5 by 
considering assets that will be replaced as part of the Quality or Growth programmes.

B3.1.1.4 Summary of Changes in AMP5 Expenditure

Table B3.4 shows a comparison of forecast expenditure between DBP and FBP submissions 
for the Water service.
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Table B3.4. Summary of Forecast Expenditure Changes between DBP and FBP submission 
(£m)

Asset Type AMP5 
Expenditure 

(DBP)

AMP5 
Expenditure (FBP)

Change from DBP

Water Infrastructure

WSW

WBS

WSR

Impounding Reservoirs

Management & General

Total

B3.1.2 Stakeholder Engagement

The Company believes that it is essential, as a minimum, to maintain a stable service to our 
customers and to enhance the service where relevant. 

Through the normal operation of the business we are made aware of the expectations of our 
customers through direct customer contact via telephone and written correspondence. This 
contact normally relates to the direct service we provide to customers i.e. water from the tap 
and the dealing with their wastewater. Whilst these issues tend to be of an immediate nature 
they are clearly representative of services customers would like to see improved, e.g. sewer 
flooding.

As one would expect from any company with a direct interface with customers, we are keen to 
regularly assess customers’ perceptions of the Company in a more formal manner. To 
achieve this we carry out dedicated customer research on a weekly basis. The results of this 
research not only influence the continued day to day operation of the business but also our 
plans for the future.

Key to the Business Plan was the significant consultation undertaken through the Willingness 
to Pay survey. This was designed specifically to elicit our customers’ priorities, the levels of 
service they desire and the level of funding they are willing to provide.  

Whilst the above was undertaken for the preparation of the DBP and the results remain valid 
for the FBP, we have taken the opportunity to seek customers’ views on the proposals within 
the DBP. These results are discussed in full later and it is fair to say that the overall view can 
be classed as strongly supportive of the proposals.

Incorporating all available information and data on customers’ views and priorities within the 
Business Plan ensures it is fully inclusive and is aimed at delivering the levels of service our 
customers desire and are willing to pay for in 2010-2015 and beyond.

Given that we are a monopoly, it is essential for us to recognise the significant importance of 
stakeholder involvement to determine the priorities for future investment. These stakeholders 
are primarily the actual ‘consumers’ of our services, our customers. However, it is also 
important to recognise the statutory bodies that either represent the interests of our 
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customers or act as guardians of the environment, an environment that we, through our 
normal activities, can impact upon.    

Whilst not exhaustive, the following are our predominant stakeholder consultees:

• Domestic customers;

• Business customers;

• Environment Agency (EA);

• Drinking Water Inspectorate (DWi);

• Consumer Council for Water (CCWater);

• Natural England (NE);

• South East England Regional Assembly (SEERA)

• Local Business Leaders;

• Local Authorities

• PR09 Advisory Panel, which has met on a quarterly basis to review and input into the 
development of our SDS, Draft and Final Business Plan. 

• Key Opinion Formers (KOFs) e.g. Parish Councils

• MPs; and

• Employees.

The methods utilised to obtain the views of the domestic customers we serve and analysis of 
those views are detailed below.

B3.1.2.1 Domestic Customers

Consultation with our domestic customers has been conducted by the following means:

• Willingness to Pay research

• By far the largest information source for gathering information from domestic customers is 
the formal Willingness to Pay research, which gathered information from over 1500 of our 
domestic customers. 

• Customer evaluation of DBP proposals

• This extensive research gathering the views of over 500 of our domestic customers 
provided the details of the acceptance of the service levels and associated bill impacts 
proposed within the DBP. 

• Continuing customer research

• With the objective of improving the performance of the Company in the eyes of our 
customers and identify priority issues, we carry out customer research on a weekly basis 
by telephone survey.  

• Key opinion former survey

• In order to further our understanding of our customers’ priorities, we commissioned a 
telephone survey of other ‘representatives’ (Parish Councils) who are close to the issues 
and concerns of our domestic customers.  

• Complaints analysis



Southern Water

Final Business Plan 2009

B3.11

• Another source of data is that relating to complaints about services made by telephone to 
our technical call centre. 

We also collect information through the formal process of Table 5b of the June Return, which 
provides a representative picture of the issues that drive customers to write in with complaints 
relating to the service we provide. 

The research undertaken as part of the willingness to pay research for domestic customers 
provided the information in Table B3.5.

Table B3.5. View of current services

Percentage of Respondents

Happy with 
Service

Needs 
Improvement

Greenhouse gas emissions 40.8 23.1

Level of pollution from 
Company activities

44.4 25.3

Bathing water quality 47.8 20.3

River water quality 49.3 23.2

Supply in interruptions 55.7 13.5

Level of bill 57.8 37.2

Water restrictions 65.7 23.9

Frequency of external 
flooding

67.2 16.3

Odour from treatment works 70.6 20.6

Colour, taste and smell of tap 
water

71.0 27.1

Frequency of internal flooding 71.7 9.8

Water pressure 81.8 16.1

During the interview customers were asked for their priorities on services needing improving, 
these are shown in Table B3.6.

Table B3.6. Area of improvement

Percentage of 
Respondents 

n/a (no mention of service needing improvement) 29.6

Level of bill 18.3

Colour, taste and smell of tap water 9.1

Green house gas emissions 6.8

Level of pollution from Company activities 6.7

Odour from treatment works 6.7



Southern Water

Final Business Plan 2009

B3.12

Percentage of 
Respondents 

Water restrictions 4.3

Frequency of external flooding 4.2

River water quality 3.8

Water pressure 3.2

Bathing water quality 2.3

Supply interruptions 2.1

Frequency of internal flooding 2.1

After the submission of the DBP we felt it important to gauge our customer’s views on the 
proposals within the plan. It was determined that the most appropriate means of achieving 
this was through a formal research process, full details of which can be found in C1. The 
results from this research are detailed in Table B3.7 below. 

Table B3.7. Details of domestic customer priorities from post-DBP research (Water Service)

Interviewee ResponseAttribute

In Favour 
(%)

Not in 
Favour (%)

Water Customers

Reduce the CO2 emissions produced by SW 82 7

Reduce the level of leakage 78 13

Increase maintenance of the water supply equipment 75 16

Reduce the incidence of interruptions to supply of more than 6 hours 70 17

Reduce the number of properties suffering poor pressure 70 15

Reduce the number of complaints about colour taste and odour 63 19

Improve the risk of hosepipe bans from 8 in 20 years to 2 in 20 years 51 29

Value for money for the whole package for water and sewerage 
services 

42 24

B3.1.2.2 Business Customers

Similar to domestic customers, the largest source of information for the business customer 
sector is that as derived from the Willingness to Pay research.

In addition, we have gathered views from a regular series of meetings with key stakeholders 
engaged in development and planning in Hampshire, Sussex and Kent with our senior 
managers and Directors. Additionally a series of road shows on the DBP proposals were held 
for leaders in local government, NGO’s, business leaders, environmental groups and the like.  
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Table B3.8. Business Customers views of current services

Percentage of Respondents

Happy with 
Service

Needs 
Improvement

Greenhouse gas emissions 40.1 11.9

Level of pollution from 
Company activities

56.7 14.7

Bathing water quality 67.6 22.1

River water quality 56.4 12.2

Supply interruptions 74.3 8.6

Level of bill 63.1 34.6

Water restrictions 69.7 26.3

Frequency of external 
flooding

75.3 16

Odour from treatment works 71.5 21.8

Colour, taste and smell of tap 
water

79.6 19.1

Frequency of internal flooding 79.5 9

Water pressure 88.8 10.5

During the interview customers were asked to specify their priorities on services needing 
improving, these are shown in the table below.

Table B3.9. Areas of improvement identified by Business Customers

Percentage of 
Respondents

n/a (no mention of service needing improvement) 31.7

Level of bill 22.1

Colour, taste and smell of tap water 5.1

Green house gas emissions 3.2

Level of pollution from Company activities 3.5

Odour from treatment works 6.4

Water restrictions 3.5

Frequency of external flooding 5.1

River water quality 3.2

Water pressure 1.0

Bathing water quality 6.4
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Percentage of 
Respondents

Supply interruptions 1.6

Frequency of internal flooding 3.5

Whilst the above tables show customer concern on the level of bills, which is understandable 
when covering topics in general, the important research into the acceptability of future bill 
increases was through the willingness to pay research.

This research elicited customers views on future bill increases arising from the associated 
service they were to receive, through the use of contingent valuation questioning. The 
comprehensive analysis of this research data revealed that customers are prepared to pay an 
additional £30 each year for the service on offer. The investment plans for AMP5 are such 
that the proposed bill increases are far less than £30/year. 

B3.1.2.3 Environment Agency (EA)

Feedback from the EA is gathered through ongoing discussion and correspondence at a 
regional level, through normal business involvement.  Collection of information from this key 
stakeholder has helped us to identify a number of specific regional issues and gives us 
valuable insight into their thoughts on the important issues for PR09, which can be 
summarised as follows:

• Improvement to raw water quality by catchment management;

• Support of wastewater recycling as a means of enhancing water resources;

• Agreement with the reduction in the leakage target down to 10%, recognising the 
additional benefit of reducing the associated carbon footprint; 

• Fully support full metering by 2015 with recognition of the associated benefits of rising 
block and seasonal charging mechanisms; 

• Fully support the promotion of water efficiency;

• Seek the continuation of free supply pipe repairs; 

• Address lead pipe replacement on a lifecycle approach;   

• Continued emphasis on the reduction of pollution incidents, category 1 and 2 incidents in 
particular; 

• Continued addressing of sewer flooding, supporting the use of surface water 
management plans and the use of SUDS;

• Provision of adequate infrastructure ahead of development;

• Welcoming of  the commitment to build resilience into the industry’s infrastructure; 

• Environmental improvements should be achieved with a minimum carbon footprint;

• Fully recognise the impact of climate change by reducing carbon emissions;

• Look to reducing flows to wastewater treatment works by water efficiency techniques and 
infiltration reduction; and 

• Consider the various beneficial recycling methods for biosolids on a lifecycle approach. 
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B3.1.2.4 Drinking Water Inspectorate (DWi)

As with the EA, continuing discussions with the DWi on specific issues for Southern Water 
and the South East have provided us with the following feedback:

• They are committed to improving water quality;

• The use of a risk based approach to the management of water supplies;

• Catchment management control and pollution prevention are important;

• Aspire to extend performance beyond 100% compliance;  

• Increased meter penetration should be linked with lead pipe replacement, water pressure 
issues and leakage; and 

• Set target levels for customer complaints and look to reduce complaints relating to 
discolouration, taste and odour.  

B3.1.2.5 Consumer Council for Water (CCWater)

CCWater are involved at every stage in the PR09 discussions. The Council’s main concerns 
are consumer-focused and they express the wish that the PR09 process delivers the 
following: 

• A good outcome in terms of improving the safety and reliability of the services consumers 
pay for and enhancing the local and wider environment; and

• A fair price for what customers receive.

Discussions have identified that the above can be achieved by:

• Identifying consumers’ priorities;

• Acting upon identified priorities; 

• Defining the benefits;

• Communication throughout the process; and 

• Being realistic by recognising value for money and affordability.

B3.1.2.6 Natural England (NE)

Continuous discussion and correspondence with NE takes place through the normal 
operation of the business. Their thoughts and priorities in relation to PR09 can be 
summarised as follows:

• Fully support the need to protect the environment and environmental legislation;

• Water resources protection through catchment management;

• The need to prevent over abstraction;

• Support further leakage reduction and supply pipe policy of free repairs;

• Believe that the Company should take a stronger lead on water efficiency;

• Endorse the ambitious metering target;

• Supportive of lead pipe replacement and the associated reduction on phosphate dosing;

• Supportive of pollution reduction; 

• Need to recognise growth in the Southeast;
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• Recognise the need to reduce carbon emissions; and

• Support the recycling of treated biosolids.

B3.1.2.7 Regional and Local Government

Discussion on PR09 issues with representatives of Local Government has provided us with 
the following feedback:

South East England Regional Assembly (SEERA)

• Recognise the need to work with others to protect water resource quality;

• Recognising the benefits of sharing water resources in the Southeast;

• Support further leakage reduction but recognise that there will be a level beyond which it 
will not be economically viable;

• Supports water efficiency and recognises the need for national drivers;

• Supports the drive for full metering and the introduction of rising block and seasonal 
tariffs;

• Believes that the occurrence of hosepipe bans is inevitable;

• The need to reduce carbon emissions and introduce low carbon solutions;

• Supportive of addressing sewer flooding;

• Housing development should not be restricted by infrastructure capacity;

• Agrees with the emphasis on co-operation between stakeholders to identify 
environmental capacity; 

• Supportive of the operation of co-facilities for wastes; and

• Concern over affordability. 

B3.1.2.8 Joint Consultation

To ensure that any potential differences in priorities between the key players are aired and 
considered, regular joint meetings were held with CCWater, EA, DWi, Natural England and 
SEERA. 

The aims of these consultations were agreed as follows:

• To ensure each of the organisations forming the group can provide their input to the 
PR09 process with a good understanding of the issues and positions of the other 
members;

• To endeavour, wherever possible, to achieve mutually acceptable and sustainable 
outcomes;

• To ensure economic, social and environmental factors are taken into account including 
full consideration of water consumers’ views; and

• To ensure regional issues are taken fully into account. 

The results of the above can be summarised in the Table B3.10, where • represents a stated 
support for key issues.
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Table B3.10. Key issues raised by key stakeholders during joint consultations

Key issue EA DWi Natural 
England

SEERA

Protect the Environment •

Protection of Water 
Resources

• • • •

Improving Drinking Water 
Quality

•

Reduction in Leakage • • • •

Increased Metering 
Penetration

• • • •

Lead Pipe Replacement • • •

Promotion of Water 
Efficiency

• • •

Free Supply Pipe Repairs • •

Environmental Legislation 
Support

•

Pollution Reduction • •

Addressing Sewer Flooding • •

Provide infrastructure for 
Growth

• • •

Build Resilience in the 
Infrastructure

•

Minimising Carbon Footprint •

Reducing Carbon Emissions • • •

Reduce WTW Flows •

Biosolids Recycling • • •

Reducing water restrictions • •

Affordability •

B3.1.2.9 Key Opinion Formers

It was felt that the Willingness to Pay survey provided significant information for the PR09 
Draft Business Plan and valuable customer insight.  In order to further our understanding of 
our consumers’ priorities, we wished to engage with other ‘representatives’ of our customers. 
We therefore commissioned a survey of Parish Councils, who we believe to be close to the 
issues and concerns of our customers and whose views we consider should be taken into 
account in our Draft Business Plan
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Specific issues of note from this research are as follows.

Stakeholder Priorities

Although respondents seem to have issues with identifying Southern Water as a corporate 
entity, overall they appear to be quite happy with the current level of service for each of the 16 
attributes shown in the graph below. Only leakage was considered to be high priority or 
greater for immediate improvement. All the other attributes, with the exception of chemical 
and safety standards of drinking water, were low to high priority, indicating that, while the 
service could do with some improvement, this was not urgent. 

Figure B3.11. Parish Council priorities for investment

B3.1.2.10 Summary of Stakeholder Views and Support

Analysis of all available data relating to consumers’ priorities and desired level of service 
perhaps unsurprisingly shows a need to concentrate and in some areas improve the services 
that directly affect customers on a day to day basis, such as sewer flooding, odour from 
treatment works, tap water quality and interruptions to supply. Results indicate that there is 
also growing awareness of the environment and the need to protect it by, for example, 
reducing pollution incidents and carbon emissions.  

The results show that on the whole and across the different segments of our consumer base, 
customers are satisfied with the current level of service provided by Southern Water. 
However, there remain a number of service areas where they would like to see 
improvements.  Based on the findings of the Willingness to Pay research, key opinion former 
survey, continuous customer research and verbal and written complaints analysis, the key 
service areas where customers expressed significant dissatisfaction or identified the need for 
improvement are summarised in Table B3.12 below:
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Table B3.12. Summary of areas for improvement

Verbal 
Complaints

Written 
Customer 

Complaints

Continuous 
Customer 

Survey

KOF 
Survey

WtP 
Survey

Drinking Water Quality • • • •

Water Restrictions • • • •

Leakage • • • •

Pressure • • •

Interruptions • •

Sewer Flooding Surcharge • • • •

Odour • • •

River Quality • •

Greenhouse Gas Emissions • •

Value for Money • • •

Full details on the above stakeholder involvement can be found in Part C1.  

A summary at the end of each section of this document explains how the proposed 
investment addresses customer priorities. However, Table B3.13 provides an overall 
summary of customer priorities and how we are addressing these in our plan.

Table B3.13. Summary of customer priorities and how they are being addressed

Attribute Customer View Business Plan Proposal

Drinking Water Quality – colour 
taste and smell

Supportive of improvement to 
water aesthetics

2 large schemes to address 
discolouration

Drinking Water Quality –
chemical and bacti compliance

Already high quality, not 
supportive of significant 

improvements

Only address deterioration in 
current performance (crypto)

Green house gas emissions Supportive of ‘saving the 
planet’

11 Schemes to reduce carbon 
emissions

Pollution Moderate priority Increased expenditure on 
sewerage maintenance to achieve 

a 6% improvement

(expenditure represents a reduced 
value over that supported by WtP) 

Odour from treatment works Moderate support 4 site specific schemes 

Water restrictions Supportive of a reduction in 
frequency of events

Manage demand by metering and 
scheme for additional abstraction 

volume

Sewer Flooding Supportive , although less 
supportive of addressing 

internal flooding

Reduced rate of improvement from 
current levels

River water quality Minimal support Delivery of legislatively driven 
schemes only
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Attribute Customer View Business Plan Proposal

Bathing water quality Minimal support Delivery of legislatively driven 
schemes only

Water pressure Minimal support No improvements over current 
performance

Supply interruptions Minimal support No improvements proposed over 
current performance

Leakage Highly supportive Aiming to improve against current 
leakage level

Level of bill Support for bill increases of 
up to £30 year

Proposed bill increase less than 
that determined acceptable from 

WtP customer research

B3.1.2.11 Reporter Involvement

Southern Water’s Reporter, Halcrow Management Sciences (HMS), have been involved in all 
the stages in the development of the Business Plan. This we believe has led to the 
opportunity for challenges throughout the whole process and full visibility of the technical 
approach taken to Asset Management Planning for this Price Review. 

The Reporter involvement has included coverage of the following topics,

• Site visits to a wide range of operational sites

• Attendance at expert panel reviews

• Demonstration of databases (depth of data)

• Full visibility of cost build up processes

• Presentation on the model logic utilised in the Common Framework analysis

• Full utilisation of the audit process

We have made our own personnel and those of our consultants and contractors available for 
the audit process.

We have welcomed their involvement, expertise, and the challenges they have raised. These 
challenges have benefited the FBP process.

B3.1.3 Leadership, Policy and Strategy

B3.1.3.1 Management Structure

Southern Water is committed to continuous improvement in its approach to Asset 
Management Planning and our management structure is aligned to achieve this goal.

The company is organised as an Asset Owner-Manager-Operator within its management 
structure to ensure long term stewardship of its asset base, shown graphically in Figure
B3.14:
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Figure B3.14. Organisational diagram of Asset Owner-Manager-Operator model

The structure above is designed to provide accountability throughout the business for the 
operation and maintenance of our asset base.

More detail on the structure of each of the three Directorates above is provided in Figure
B3.15 below:

Southern Water Corporate 
Strategy

Regulation

Water Resources

Water & Wastewater 
Strategy

Main roles cover:

Regulator (OFWAT/EA/DWi) 
interface

June Return management

Price Review strategy and 
preparation

Maintenance and development 
of corporate strategy for water, 
wastewater and sewerage

Capex programme 
management

Asset ManagerAsset Owner Asset Operator

SWS Corporate 
Strategy

SWS Asset 
Team

SWS 
Operations

Southern Water Board
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Figure B3.15. Departmental Structures within Southern Water relevant to Asset Management

Southern Water Asset Team

Health and Safety

Programme Management

Asset Needs

Asset Data and Reporting

Main roles cover:

Asset Performance 
monitoring and reporting

Management of the AMP4 
Capital Delivery framework 
(Single Entity Contract)

Asset Policy

Asset Plan management and 
development

Management of Asset 
information and systems

Southern Water Operations

Water Supply Operations

Wastewater Operations

Sewerage Operations

Sludge Management

Main roles cover:

Production of water and 
delivery to customers

Collection of wastewater, 
treatment and return to the 
environment

Treatment of sewage sludge 
and recycling of biosolids

Management of the central 
control centre

Undertaking maintenance 
tasks on assets and feeding 

Maintenance Management

Control Centre

Water Network Operations
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All staff within the business that impact on the Asset Planning process have detailed role 
profiles that include their responsibilities in respect of asset data collection, analysis or other 
asset management activities. The company employs suitably qualified and experienced staff 
to undertake these roles. Where gaps are identified in individual skills against the 
requirements of the particular role, training or other developmental activity is undertaken to 
ensure that the company is able to deliver effective and efficient Asset Management.

Below is a summary of the key roles and responsibilities of individual positions within 
Southern Water that relate to Asset Management Planning.

Chief Executive: Integrating Asset Management activities with the needs of the rest of the 
business, meeting shareholder expectations.

Asset Director: Setting high level Asset Management Policy and direction, efficient and 
effective management of the capital programme.

Asset Needs Manager: Co-ordination of asset plans across Southern Water, data 
management within Southern Water.

Asset Policy Managers: Setting policy for asset standards, maintenance standards, 
standard asset definition.

Area Plan Managers: Maintenance of long term local asset plans, integration of asset 
performance data into asset plans.

Operations Director: Providing operations and maintenance services to the business and 
ensuring that details of work undertaken by the Directorate are recorded for use by the 
remainder of the business, ensuring that compliance with legislative quality standards are 
achieved through operational activities.

Operational Staff: Undertaking of maintenance and operational tasks, Data collection via 
feedback from operational tasks.

Regulation Director: Ensuring delivery of capital programme to meet regulatory output 
requirements, management of regulatory interface.

Heads of Water/Wastewater Strategy: Setting corporate policy in relation to each of the 
services.

Strategy Service Area Managers: Identify legislative drivers affecting business operations, 
Representation of the company at industry groups to identify best practice.

B3.1.3.2 Strategic Direction Statement

Our approach to Asset Management Planning is driven by the objectives set out by the Chief 
Executive in our Strategic Direction Statement in 2007. These are listed below:

• Provision of resilient services to customers in a changing environment

• Facilitate sustainable growth

• Recognised as best value for money

In compiling this Asset Investment Plan and developing our Asset Management Policy, we 
have built on these objectives, together with the priorities given by our customers and other 
stakeholders to provide a coherent plan for the next 25 years. 
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B3.1.3.3 Asset Management Policy

Southern Water is currently working towards accreditation with PAS 55, to demonstrate its 
commitment to achieving best practice in Asset Management. Our Asset Management Policy 
is aligned to the objectives set out in the Strategic Direction Statement and will be periodically 
reviewed. A copy of the Asset Management Policy is included below for information.
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The Asset Management Policy has been endorsed by the CEO and is prominently displayed 
at Company sites and has been briefed to all employees. As can be seen from the document, 
the objectives are consistent with those set out in our SDS and drive the activities outlined in 
this Business Plan. The requirements of the Policy are that company obligations are met in 
regards of Health and Safety, Environmental compliance and Quality. The Asset Management 
Policy is integrated with the other company policies covering those areas and representatives 
from within Southern Water who own these policy areas have been engaged in the Asset 
Planning process to ensure that policy objectives have been achieved.

As part of our PAS 55 accreditation, we are planning to use our existing business documents 
to satisfy the requirements of the specification. The following diagram explains how we have 
linked our Business As Usual documents together to form a consistent set of documents for 
PAS 55:

Manual 
Structure

PAS 55 
terminology

Aim of Level
Example 

Document
Responsibility

Level 1 Policy Policy

High level overview of 
approach based on Long 
Term (25 years) Strategic 
Direction Statement

Asset Mgt Policy Doc
Asset Needs 
Manager

Level 2 Strategy Strategy
Medium Term (5 years) 
approach to meet strategic 
direction

Business Plan
Corporate 
Strategy

Level 3 Targets Objectives Provide overview of targets Target document
Corporate 
Strategy

Level 4 Plan Plan
Short term (1 year) 
approach to meet targets 
and strategic direction

Policy Manager

Level 5
Process and 
Procedures

Supporting information

Figure B3.16. Alignment of Company documents with PAS 55

As can be seen from the above figure, we are using the Business Plan documents as our 
Asset Management Strategy to achieve PAS 55. This is because this document, together with 
the other constituent parts of the plan represents our view of how we will achieve our SDS 
and asset management objectives.

Level 2

Level 3

Level 4

Level 5

Level 1



Southern Water

Final Business Plan 2009

B3.27

B3.1.3.4 Investment Objectives – Water Service Area

Table B3.17 below shows the investment objectives applied by Southern Water for the long 
term stewardship of its assets. The table shows the objectives applied to each asset type, the 
source of the data to support the analysis and how future performance is forecast. This 
represents the approach taken for day-to-day asset planning as well as the preparation for 
regulatory price reviews.

In each case our planning objective is to maintain stable serviceability with regard to each 
aspect of service and asset performance listed in the Planning Objective column, and to 
improve serviceability where this can be achieved without additional cost or where any 
additional cost is supported by customer Willingness To Pay.

The Serviceability Forecasting column gives the categorisation of our analysis approaches 
using the categorisation system provided in the UKWIR Common Framework Review

1
. The 

two categories of approach we have applied are amongst those assessed as being Most 
Successful at PR04 from the viewpoint of Ofwat, the companies and the project contractors.

Table B3.17. Investment objectives – water service

Asset Category Planning Objective Asset Observations and 
Serviceability Data

Serviceability Forecasting

Water Supply 
Works
(102)

Compliance with water 
quality standards

Sustainability (headroom)

Compliance with H&S 
Legislation 

Water quality 

Component failure 

Maintenance 

Asset condition 

Customer complaints 

Cost 

Service modelling with 
repairable and non-repairable 
failure modes 

Water Service 
Reservoir
(241)

Compliance with water 
quality standards

Compliance with H&S 
legislation

Condition inspection

Bacti analysis

Customer complaints 

Costs

Service modelling with 
repairable and non-repairable 
failure modes

Water Pumping 
Stations
(437)

DG3 Interruptions to supply

DG2  ‘at risk’ properties

Compliance with H&S 
legislation

Component failure

Maintenance 

Asset condition

Customer complaints

Costs

Service modelling with 
repairable and non-repairable 
failure modes

Impounding 
Reservoirs
(4)

Structure integrity Panel Inspectors report 

Costs

Quantitative risk analysis and 
expert evaluation

Water Supply 
System
(13,476 km)

DG3 Interruptions to supply

DG2 ‘at risk’ properties

ELL

Bursts

Water quality 

Leakage 

Burst rate

Customer complaints

Costs

Service modelling with 
repairable failure modes

  

1 UKWIR, Capital Maintenance Planning Common Framework: Review of Current Practice, Ref: 05/RG/05/14, ISBN: 
1 84057 395 3, 2005
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Table B3.18 below demonstrates how these objectives align with those set out in our SDS:

Table B3.18. Alignment of Asset Planning Objectives (Water Service) with SDS Objectives

Asset 
Category

Planning Objective Alignment with SDS Objectives

Compliance with 
water quality 
standards

“Provision of resilient services to customers in a 
changing environment”

Sustainability 
(headroom)

“Facilitate sustainable growth”

Water Supply 
Works
(102)

Compliance with H&S 
Legislation

“Provision of resilient services to customers in a 
changing environment”

Compliance with 
water quality 
standards

“Provision of resilient services to customers in a 
changing environment”

Water Service 
Reservoir
(241)

Compliance with H&S 
legislation

“Provision of resilient services to customers in a 
changing environment”

DG3 Interruptions to 
supply

“Provision of resilient services to customers in a 
changing environment”

“Facilitate sustainable growth”

DG2  ‘at risk’ 
properties

“Provision of resilient services to customers in a 
changing environment”

“Facilitate sustainable growth”

Water Pumping 
Stations
(437)

Compliance with H&S 
legislation

“Provision of resilient services to customers in a 
changing environment”

Impounding 
Reservoirs
(4)

Structure integrity “Provision of resilient services to customers in a 
changing environment”

DG3 Interruptions to 
supply

“Provision of resilient services to customers in a 
changing environment”

“Facilitate sustainable growth”

Water quality “Provision of resilient services to customers in a 
changing environment”

ELL “Facilitate sustainable growth”

Bursts “Provision of resilient services to customers in a 
changing environment”

Water Supply 
System
(13,476 km)

DG2 ‘at risk’ 
properties

“Provision of resilient services to customers in a 
changing environment”

“Facilitate sustainable growth”

Overall Planning across water assets “Recognised as best value for money”
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B3.1.4 Reporting

We measure the performance of our assets throughout the business using OFWAT 
Serviceability Indicators and a range of other measures. An outline of the typical measures 
reported which are relevant to the water service are given below:

Service Measures:

• Profiles of water pressure from distribution models and the DG2 database

• Register of all interruptions to supply supporting the DG3 database

• Potable water quality by trend analysis and threshold values

• Analysis of customer complaint information

• Water Resources position

• Water efficiency initiatives

• Customer Service DG measures

Asset Performance Measures:

• District Meter Area (DMA) performance for Leakage

• Failures of infrastructure assets by asset type e.g. mains, communication pipes, stoptaps

Other Asset Management Measures:

• Asset Revisions

• Unknown Asset Tasks (incomplete asset description)

• Completion of Planned Work To Schedule

• Planned Work Backlog

• Maintenance Tasks (Booked Times)

• Planned Work Durations

• Reactive Work Fault, Cause and Action Codes – Unknown and Not Populated

• Reactive Work Orders Closed at Component Level

• Repeat Reactive Work

• Capital Programme Progress

It can be seen from above list that there are a number of measures reported that provide a 
forward-looking indication of asset performance. For example, by tracking our performance on 
planned asset maintenance, we are aiming to ensure that the number of asset failures are 
minimised, to reduce the potential for an interruption of supply and DG3 incidents.

Asset performance is also able to be viewed spatially. We have recently developed an 
intranet based system called the Asset Performance Portal that receives data from our 
corporate systems and is able to plot this data spatially to facilitate the visualisation of service 
and asset performance. This tool is available to all members of staff involved in the Asset 
Planning process, including Directors. An example screenshot of the portal is given in Figure
B3.19.
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Figure B3.19. Screenshot of Asset Performance Portal

Our Service and Asset Performance indicators are reported by Senior Managers to our 
Executive Management Team (EMT) monthly. The EMT includes the CEO. A range of high 
level indicators are carried through to the Board reports that are presented to the main 
Southern Water board each month. Examples of measures reported to the Board are 
provided below, together with the links to the EMT reported measures.

Table B3.20. Water service measures reported to the Southern Water Board

Measure Reported to Board Linked EMT Measures Comments

DG2 DG2 Reported directly to Board

DG3 DG3, Mains Bursts DG3 used by Board as an indicator 
of mains bursts

Water Quality Compliance Water Quality Compliance Reported directly to Board

Leakage Leakage Reported directly to Board

Customer Service DG measures Customer Service DG measures Reported directly to Board

Distribution Input Distribution Input Reported directly to Board

DG3 Maintenance Tasks undertaken and 
data recorded

DG3 used as a surrogate for failure 
of maintenance regime
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We also run quarterly reporting to mirror the June Return reporting process. These reports 
are sent to the EMT and use data from the same systems and the same reporting processes 
as those used for the formal annual return to OFWAT.

With such a comprehensive set of measures being reported through the business on a 
regular basis, our Directors are able to take well informed management decisions. For 
example, our reporting demonstrated during AMP4 that maintenance activity on sewerage 
non-infrastructure assets was required to mitigate a risk of deteriorating serviceability. Our 
Directors were able to act on information provided to them to increase the level of 
maintenance undertaken.

B3.1.5 Company Process for Asset Maintenance 

Figure B3.21 below provides a flow chart showing the approach used by Southern Water for 
managing its programme of Asset Maintenance.

The process is based on our extensive historical data asset data which we use to monitor 
service and asset performance against a range of indicators.

The process reinforces the roles described earlier in this document of the Asset Planning 
Managers who maintain Area Asset Plans to mitigate identified risks to serviceability. By 
using the output of forward-looking serviceability models, the interventions selected by the 
Common Framework analysis, and information on Growth and Quality drivers in the area, 
they can identify a range of possible interventions. If costs are not already available from the 
Common Framework analysis, these interventions are costed using our SWET tool (compiled 
from actual cost data), the optimal solution (based on its cost effectiveness) is selected for 
intervention, and is implemented through our existing framework contract for capital project 
delivery or by operational intervention via an Ellipse work order.

The new or refurbished asset is then updated in Ellipse and forms part of the ongoing 
monitoring process.

More details on these systems and processes and how they have been applied in planning for 
AMP5 and beyond are explained throughout the remainder of this document.

Figure B3.21. Southern Water Asset Planning Process (following page)



Southern Water
Final Business Plan 2009
B.3  Maintaining Service and Serviceability

- 32 -

Corporate Targets

Legislation

Asset Performance

Deterioration 
Modelling

Asset Capacity

Asset Need

Match
Identify Evaluate & 

Select Options

Creations/ Disposal

Maintenance

Renewals

Non-standard 
solution

Capital Works

Planned Maintenance

Refurbishment/ 
Replacement

Policies

Decision Tools

Implement 
Policies/
Technical 
Standards

C
ap

ital M
ain

ten
an

ce P
ro

gram
m

e

System Health (AAP)

D
elivery

M
o

n
ito

r

Review

Level of Service 
Demand/
Forecasts

Amend PolicyAmend
Technical 
Standards

Asset Condition 
Surveys

Performance 
and Data Report

Display 
Programme via 

AAP

Major Projects

O
u

tlin
e/D

etailed
 D

esign

Design 
Standards

Cost Base

The Process Asset Needs Asset Owner
Engineering 

Solutions Operations SEC

Corporate TargetsCorporate Targets

LegislationLegislation

Asset PerformanceAsset Performance

Deterioration 
Modelling

Deterioration 
Modelling

Asset CapacityAsset Capacity

Asset NeedAsset Need

MatchMatch
Identify Evaluate & 

Select Options
Identify Evaluate & 

Select Options

Creations/ DisposalCreations/ Disposal

MaintenanceMaintenance

RenewalsRenewals

Non-standard 
solution

Non-standard 
solution

Capital WorksCapital Works

Planned MaintenancePlanned Maintenance

Refurbishment/ 
Replacement

Refurbishment/ 
Replacement

PoliciesPolicies

Decision ToolsDecision Tools

Implement 
Policies/
Technical 
Standards

Implement 
Policies/
Technical 
Standards

C
ap

ital M
ain

ten
an

ce P
ro

gram
m

e
C

ap
ital M

ain
ten

an
ce P

ro
gram

m
e

System Health (AAP)System Health (AAP)

D
elivery

D
elivery

M
o

n
ito

r
M

o
n

ito
r

ReviewReview

Level of Service 
Demand/
Forecasts

Level of Service 
Demand/
Forecasts

Amend PolicyAmend PolicyAmend
Technical 
Standards

Amend
Technical 
Standards

Asset Condition 
Surveys

Asset Condition 
Surveys

Performance 
and Data Report

Performance 
and Data Report

Display 
Programme via 

AAP

Display 
Programme via 

AAP

Major ProjectsMajor Projects

O
u

tlin
e/D

etailed
 D

esign
O

u
tlin

e/D
etailed

 D
esign

Design 
Standards

Design 
Standards

Cost BaseCost Base

The Process Asset Needs Asset Owner
Engineering 

Solutions Operations SEC



Southern Water

Final Business Plan 2009

B3.33

B3.1.6 Balance

This section describes the approach taken to balance our risk against potential effects on our 
customers’ bills.

In this document, Southern Water outlines a programme of Capital Maintenance works to 
achieve stable serviceability risk. We are aware that the investment proposed in this area of 
the capital programme is significantly above our historic levels of expenditure for water supply 
works, and combined with investment proposed in other areas (Quality and Supply/Demand 
Balance), will impact on customer bills during AMP5. However, the company has taken steps 
to mitigate this impact where possible, as described below:

• Planning for stable risk rather than risk reduction: Our Common Framework analysis 
applies a “stable risk at least cost” planning objective and provides a central estimate of 
the maintenance required to achieve this. There is no intention to reduce the level of risk 
in any area of serviceability except where this is the least cost option, or where justified 
by WtP.

• Balancing Risk: In some areas (for example sewer flooding), we have decided to phase 
investment over two AMP cycles to prevent bills from rising to unacceptable levels in the 
medium term. In AMP5 we will address the highest risk locations first to balance the effect 
of the extended phasing.

• Limiting effects on Customer Bills: We are aware of the effects of large increases in 
capital expenditure on our customers bills and have constrained the volume of investment 
in some areas of our programme where we believe we are able to manage the risks in the 
medium term, without impacting our ability to meet legislative or growth requirements. For 
example, we have not included measures to manage all hazards identified within our 
Drinking Water Safety Plans. We accept that some risk scores might be higher than 
desired in the light of the more severe consequences now set out in the Water Supply 
(Water Quality) Regulations. Whilst the Company accepts this change in consequence to 
itself, it does so in confidence that the risk to our customers is managed.

• Listening to our customers views: As we have described earlier in this section, we have 
undertaken a comprehensive process of stakeholder consultation, including our paying 
customers. They have highlighted a number of priority areas for us to address into the 
future and we have aligned our planning objectives to this feedback.

• Phasing of the plan: Our investment proposals are phased as evenly as possible 
throughout the AMP5 period to avoid large fluctuations in customer bills.

B3.1.7 Corporate Management of Risk

This B3 section of our Final Business Plan demonstrates how we have applied risk-based 
analysis to forward planning of our capital maintenance requirements. We have used the 
concept of serviceability risk to derive our future investment requirements, taking into account 
changes in asset performance over time and their expected effect on future serviceability risk. 

Risk is quantified by combining a measure of the likelihood of as asset to fail with a measure 
of the severity of the consequences of failure and the probability that different severities will 
occur. The detailed method by which risk is calculated varies according to the particular risk 
analysis method which itself varies according to asset type.

In this document, all forecasts of risk are shown relative to the level of serviceability risk 
expected to prevail at the end of the AMP4 period in each area of serviceability. This is 
considered to be our baseline risk level.
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The approach taken at PR09 to serviceability risk across all asset types with the exception of 
wastewater treatment works is a change from the methodology used at PR04. For wastewater 
treatment works, we have developed our approach using FMECA to improve the quality of our 
risk forecasts for these assets.

During the AMP5 period we are planning on further integrating our PR09 approach to 
serviceability risk with our business as usual management processes, to complement our 
existing risk management process.

Southern Water actively manages risk within the business currently, using an intranet-based 
tool called Xerorisk. Managers from across the business can enter risks using a standard data 
entry form. A likelihood rating is assigned, together with a consequence assessment for a 
range of financial and operational impact measures:

• Financial Impact

• Reputation Impact

• Health & Safety

• Security of Supply Impact

• Legal, Regulatory  & Environment

The likelihood and each of the impact criteria are scored 0-5 (where 5 is the most likely and 
highest impact) and the highest impact score is multiplied by the likelihood score to give the 
total risk. Risk is therefore measured on a scale of 0-25.

Risks scored as 16 or over are reported monthly at Directors team meetings and are 
discussed with their senior managers. Risks assessed with a score of over 20 are reported 
monthly to the Executive Management Team. Any risks that are considered to require specific 
discussion by the EMT or Board are also raised as appropriate at EMT.

The Board takes risk management very seriously and as a result, risk is reviewed separately
by the Audit Committee (a sub-committee of the main Southern Water Board). This ensures 
that risk is given the necessary focus at Board level. The Audit Committee has visibility of the 
EMT reports on risk but also has the ability to request reports on any risk entered in the 
Xerorisk database. This ensures complete transparency of risk management throughout the 
business from Board level.

There are currently 396 risks in the system (at March 2009). These are categorised as 
follows:

• Raised risks – those recently notified and yet to be dealt with;

• In Progress risks – those with owners assigned and mitigations being developed; and

• Controlled risks – those with mitigations developed and applied.

Figure B3.22 below shows how all risks are distributed across a risk matrix.



Southern Water

Final Business Plan 2009

B3.35

Probability
All Risks
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Figure B3.22. All current risks shown by Probability and Consequence

The risks are split across categories as illustrated in Figure B3.23:
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Figure B3.23. Types of risk by risk level in Xerorisk

At March 2009, the eight highest risks related to operational issues, legislative compliance, 
income and PR. Through Xerorisk, each risk has been assigned an owner at Director or 
Senior Manager level responsible for ensuring that the risk is addressed. As risks are 
eliminated or managed by the business, they can be marked as “closed” within Xerorisk.

Xerorisk also captures Issues. These are defined as Risks that have materialised and require 
management to resolve or mitigate the effects. There are relatively few Issues logged in 
Xerorisk compared to the number of Risks (currently 26 Issues and 396 Risks). This reflects 
the success of our proactive management of risk.



Southern Water

Final Business Plan 2009

B3.36

We also monitor our risk related to compliance with consent standards and water quality 
standards. Monthly performance against these measures is reported to EMT and the Board. 
Sites with existing failures or possible failures against look-up table consents (“critical works”) 
are highlighted for operational action or urgent investment. An example of this reporting is 
given in Figure B3.24 below.
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Figure B3.24. Example of an internal report showing risk of failure of Look-up table consent 
standards at wastewater treatment works (Critical works are those that are 1 sample failure 
away from a consent failure based on look-up table allowances)

A quarterly assessment of wastewater treatment works compliance against the Urban 
Wastewater Treatment Regulations (UWWTR) is also completed and reported to EMT and 
example is shown in Figure B3.25 below.
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Figure B3.25. Example UWWTR compliance report

[Explanation -Those sites with a high compliance risk index are plotted with the bubble size 
proportional to the population served. The horizontal position of the bubble shows the CRI 
value, the closer the bubble is to the left, the higher is the CRI value. The vertical position of 
the bubble shows deterioration or improvement over 3 years. Bubbles that appear above the 
0 point on the y-axis indicate deteriorating quality.]

Site audits and process improvement plans are generated for any site considered at risk 
against these measures to ensure that we manage our compliance risk proactively.

Our current risk management processes are either compliance based or reliant on business 
managers raising risks individually. Our PR09 approach to managing risk is a detailed bottom 
up approach based at asset level. Using this approach we are able to quantify our forecast 
level of serviceability risk compared to our current levels. During AMP5, we will integrate 
these two approaches to ensure that our business as usual approach to risk matches our 
business planning approach.

B3.2 Overall Approach to Capital Maintenance Planning –
Water Service

This section describes the management, systems and processes used for Capital 
Maintenance Planning for water assets.

B3.2.1 Management

The Company structure was outlined in Section B3.1.3.1 above. 

Southern Water has outsourced a number of activities in the Asset Management Planning 
process.

Service and Asset Performance analysis is undertaken by Atkins on behalf of the Asset 
Needs Team. Atkins brief is to undertake a range of historic and forward-looking analyses 
based on current and historic Southern Water data and recommend interventions to the Asset 
Needs Team via Area Plan Managers. We believe that by outsourcing this activity to Atkins 
that we have the benefit of more extensive engineering expertise than would otherwise be 
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available by using in-house staff. This gives us the opportunity to review our processes and 
procedures against other organisations that may do things differently.

During AMP4, Atkins, on our behalf, have developed a visual tool, the Asset Performance 
Portal, to assist in the assessment of service and asset performance. An example is shown in 
Figure B3.26 below:

Figure B3.26. Screenshot of the Asset Performance Portal

Tata Consulting Services (TCS) undertake administration of the Ellipse Asset and Work 
Management System. This involves implementing business processes to update asset data 
from field based staff and making adjustments to maintenance regimes as directed by 
Southern Water based on Atkins analysis.

Performance of Atkins and TCS is regularly monitored to ensure that our business processes 
are being properly followed and that levels of service are achieved.

The organisational structure employed in Southern Water is designed to ensure that all asset 
needs for the water service are captured by a single person who is responsible for overseeing 
all assets within a geographical area. The process outlined above is used for day-to-day 
capital maintenance planning and also forms the basis of five-yearly business planning 
adhering to the Common Framework principles. The Asset Plan Managers also integrate 
projects to address Growth and Quality issues to ensure that all interventions at a site are 
addressed in the most efficient way possible and that overlaps between different investment 
areas are identified and addressed.

Such projects are initiated by either of our service partners, including Atkins for Network 
Development issues, low pressure and water quality in distribution studies from within our 
DOMS, or by our own staff through routine treatment process audits, HAZOP studies and the 
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inherent discipline of our Drinking Water Safety Plans. We also integrate the investigation 
brought forward by Operational staff through our central ‘Maintenance hub’. The Asset 
Performance Portal enables the change in probability or consequence of any asset deficiency 
to be monitored either through the ‘dashboards’ or by visual display, for example by display of 
colour coding of all DMAs with a discoloration risk score or against leakage target. By such 
methods, we are able to identify any significant change in risk to serviceability that will in turn 
feed through to the high level reporting to EMT and the Board as earlier described in section 
B3.1.3.

B3.2.2 Processes

This section describes company processes of relevance to asset management. The key 
processes are shown in the diagram below:

Whole-company 
forward-looking 

analysis

Implementation
Area Asset 
Planning 
process

serviceability 
forecasts and 

optimal 
interventions

optimal 
interventions
(integrated

and developed)

implemented interventions, benefits achieved, lessons learned

B3.2.2.1 Whole company forward-looking analysis

Working with our consultants Tynemarch we have developed forward-looking risk-based 
models of the performance and service impacts of our asset base, covering the principal 
asset groups within both infrastructure and non-infrastructure. These serviceability models are 
used together with comprehensive cost models covering interventions and failure-related 
costs within a formal optimisation to select the set of interventions which will meet the 
planning objective. 

With the exception of sewerage infrastructure, the cost-effectiveness planning objective has 
been applied which identifies the interventions that will maintain stable serviceability at least 
net cost. For sewerage infrastructure the cost-benefit planning objective has been applied to 
identify the additional interventions that will yield improvements in serviceability for which 
customers are willing to pay.

The modelling and optimisation approaches applied are best in class and take account of 
(and in many cases go beyond) relevant UKWIR research and good practice guidance.

B3.2.2.2 Area Asset Planning process

The outputs of the whole-company forward-looking analysis feed into the Area Asset Planning 
process. This process takes the serviceability forecasts and optimal interventions for each 
area and considers these alongside more detailed local information and knowledge that 
cannot be considered at a whole-company level. Interventions across all investment drivers 
are considered together and developed where possible into more cost-effective integrated 
interventions. The Area Asset Planning process also provides opportunity for further data 
collection, studies and investigations at a local level, to ensure that the best solution is 
identified.

The outputs of the Area Asset Planning process are brought together in Area Asset Plans, 
which are owned by Area Plan Managers. 
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A description of the Area Asset Planning process and its inputs is shown in Figure B3.27
below:

Figure B3.27. Area Asset Planning Process

Within the Area Asset Planning process we have developed three processes for the 
prioritisation or ranking of assets and associated schemes to ensure a continued focus on the 
most cost-effective solutions. These rankings are kept “live” from data extracted from our 
corporate data set which includes significant amounts of historic data from which trends can 
be derived. The three rankings are:

• Needs ranking. Each asset group is assessed according to its role in contributing to 
actual or potential serviceability failures. High priority assets identified by this process will 
trigger an investigation.

• Scheme Ranking. Each intervention is ranked taking into consideration its cost 
effectiveness in achieving benefits for serviceability and other business and regulatory 
outputs. These prioritised schemes will be grouped by business needs to ensure 
schemes are available to meet the Company targets.

• Portfolio Selection. The top ranked schemes from each of the Scheme Ranking areas 
are brought together in a higher level prioritisation tool. Microsoft Portfolio Server is used 
to prioritise against business drivers and cost effective assessments across all the 
disciplines and scheme types in order to develop a programme that will deliver the best 
value schemes and meet the business targets. 

Scheme ranking by cost-effectiveness considers not only the initial capital cost of the scheme, 
but all capital and operational cost impacts over its life, relative to the no intervention option. 
This time-series of costs is converted to an NPV for inclusion in the prioritisation and scheme 
selection process. Costs are generated from the SWET database, based on actual costs 
incurred and using the same data applied to the Cost Base submission. 

The Area Asset Planning process also includes the use of hydraulic network modelling to 
forecast the future serviceability of wastewater infrastructure assets as a result of hydraulic 
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inadequacy. Alternative future scenarios are considered such as those associated with 
climate change or new development, in order to determine the expected impact  of the 
resulting changes in flows. 

Completed schemes are assessed to check that they have addressed the deficiencies 
identified and any lessons learned are fed back into the live asset prioritisation process.

B3.2.2.3 Asset Maintenance

Southern Water has a mature approach to Asset Maintenance. Our Ellipse system (explained 
below) contained maintenance regimes for all maintainable assets. Our maintenance policies 
and procedures which are used by Operations staff to carry out their maintenance activities, 
are available on our intranet and are kept under review by Asset Policy Managers for each 
asset type and are in continuous use by Operations staff as they carry out their maintenance 
activities. 

B3.2.2.4 Capital Expenditure Approval

Southern Water operates a robust process for the approval of capital expenditure and 
tracking of each project through its lifecycle. The Investment procedures and approval stages 
aim to ensure that outputs are delivered to time and budget.  The framework for control of 
capital expenditure is set out in the company Financial Instructions (FNI) which are 
supplemented by the Approval Stage Procedures (ASP) and other detailed procedures 
available to all staff via our intranet.

These procedures are mandatory throughout the life cycle of the project and cover all capital 
investment across the whole Company.

Once an intervention has been demonstrated to be consistent with the planning objective and 
has been sponsored by a manager within the business and a scheme has been confirmed to 
be included within the five year investment programme, initial proposals are prepared via the 
production of a project brief. Approval is sought to undertake scoping and feasibility work 
through preparation of an Approval Stage A (ASA) proposal paper which fixes the agreed 
scope. Once firm proposals are developed and the solution defined further approval is sought 
to proceed into procurement/construction, through an Approval Stage B (ASB) proposal 
paper.  Forms are accompanied by a standard report (templates are held on our intranet).

Table B3.28. Capital Expenditure Approval Process

Investment Proposal Paper Definition

Approval Stage A (ASA) Approval of Project/Scheme Scope.

Authorisation of Investigation Budget.

Approval Stage B (ASB) Approval of Project/Scheme Solution.

Authorisation of Total Capital Budget.

Approval Stage 5 (AS5) Award of Contract

Approval Stage C (ASC) Project/Scheme Takeover

Approval Stage D (ASD) Project Completion/Review

Approval Stage E (ASE) Cost Centre Closure
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At all stages through a project life cycle, no expenditure or commitment to expenditure may 
be made that exceeds the current ASA/ASB budget approval level boundaries (£50k or 10% 
whichever is the lesser). Any scope changes or requests for additional budget must be sought 
prior to any commitment via a revised ASA/ASB.

These processes are robust yet allow us to be responsive to changes in circumstance. The 
drought of 2005 and 2006 required that we advance works to ensure adequate supplies of 
water. This had the inevitable effect of drawing on money allocated to capital maintenance so 
that we did not go outside our envelope of total expenditure. Whilst decisions and 
implementation of drought schemes had, of necessity, to be achieved with a degree of 
urgency, we have been able to manage the shortfall in expenditure against capital 
maintenance by focussing on short term maintenance of serviceability. This is discussed 
further in the following sections and was achieved by a supportive capital expenditure 
approval process with continuum of risk assessment through the business from asset level to 
scheme project approval.

B3.2.2.5 Financial Monitoring 

Once a scheme/project has received ASA approval a cost centre is opened and a Project 
Manager appointed.  From that point to scheme/project completion, the Project Manager is 
responsible for all costs associated with the project and reports monthly on actual 
expenditure, cashflow, accrual for work done but not yet paid, and a profiled estimate of cost 
required to complete the project.

The Investment Team collate this data and report monthly to Investment Committee and 
Southern Water Board on current progress against the investment programme.  These 
reports include:

• An overview of current year expenditure and forecast spend for the current year.

• Details of major projects, identifying any changes from previous months.

• An assessment of the impact of scheme/project changes upon the five year capital 
programme together with the regulatory impact of the change.

• An assessment of likely spend in the current year identifying any remedial measures that 
may be required.

• A summary of current and forecast cash flow.

The Investment Committee reviews and approves the Approval Stage (AS) papers and 
includes a number of senior managers and the CEO.

B3.2.2.6 Regulation Strategy Steering Group

Southern Water considers the submission of its five-yearly business plans to OFWAT as a top 
priority. As a result, we have a Regulation Strategy Steering Group (RSSG) to drive the PR09 
process from Board level. The RSSG includes the Chairman, the CEO, the Finance Director, 
the Regulation Director, two non-executive Directors (representing our shareholder) and an 
independent economics consultant. Outside of the Price Review process, the RSSG is the 
lead group within the business for managing regulatory issues affecting Southern Water.

Figure B3.29 shows how the RSSG fits in to the Southern Water structure for developing 
PR09. This illustrates how the PR09 planning process has been driven from the top of the 
business by the Board and that individual work elements required for the PR09 submission 
are owned by Directors to ensure delivery against the corporate objectives.



Southern Water

Final Business Plan 2009

B3.43

Figure B3.29. Leadership structure for PR09

B3.2.3 Systems

This section explains our corporate IT systems for capturing asset, serviceability and cost  
data which are used for day-to-day business planning and as the basis of our whole-company 
forward-looking analysis. A diagram showing the main corporate systems used as reference 
for the Area Asset Planning process and the linkages between these systems is shown in 
Figure B3.30. 

Figure B3.30. Linkages between Corporate Data Systems used for Asset Management 
Planning (following page)
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Southern Water holds its basic asset information in three main repositories as follows:

Catalogue – to ensure consistent site referencing (section B3.2.3.1) 

Ellipse – to store above ground asset data and manage proactive and reactive asset 
maintenance (section B3.2.3.2)

GIS – to store below ground asset data (section B3.2.3.3).

Subsequent sections then describe our Customer Services Management System (section 
B3.2.3.4), our cost database (SWET, section B3.2.3.5), our E5 Financial Information and 
Management System (section B3.2.3.6), the fixed assets register maintained by our finance 
team (section B3.2.3.7), plus a number of other data systems (section B3.2.3.8).

B3.2.3.1 Catalogue

This database holds a basic record of all the Site Units and groups them by both Site Unit 
Groups (e.g. catchments, overflow groups) and Organisational Groups (e.g. process team 
areas). The database provides a basic referencing system (Site Unit Number) and naming 
convention (Site Unit Title) which is referenced by other asset related databases and asset 
management processes (e.g. grouping costs at site level).

The database currently contains around 7500 Site Units and has been in use since 2000. 

B3.2.3.2 Ellipse

This database holds basic information relating to the above ground assets for all operational 
sites for both M&E and Civil structures. Assets are stored in a five-level hierarchy as shown in 
Figure B3.31 below. Static asset information is recorded against the asset nameplate (e.g. 
make, model, serial number, date installed etc). New assets are directly recorded in the 
system by service providers contracted to Southern Water to install equipment and construct 
extensions to the assets. In addition updated asset data is collected by operational staff 
during routine operational activities via handheld devices (Field Device Collection System, 
FDCS). This data is stored in an intermediate database (Field Data Manager, FDM) for 
validation by the service provider before being entered into Ellipse.

Planned maintenance jobs (both for above and below ground assets) are set up in Ellipse by 
a service provider as Maintenance Scheduled Tasks (MSTs) as defined by the Maintenance 
Evaluation Table (MET)  held in the MTM (Maintenance Task Manual). Reactive Tasks are 
created in Ellipse and dispatched via the Regional Control Centre (RCC) as a result of 
telemetry alarms or incidents reported by operational staff, public and others. In addition all 
work dispatched to term contractors is sent as a work order in Ellipse so that it can be 
recorded against the relevant assets or group of assets. Ellipse records work carried out on 
the asset base for both above and below ground assets. 
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Ellipse Hierarchy Example of Hierarchy Level of Work Order

Level 1 Site Ford

Level 2 Process Type Sludge

Level 3 Process De-watering

Level 4 Equipment Set Centrifuge Planned maintenance

Level 5 Component Gearbox Reactive maintenance

Rationale When Ellipse was introduced the hierarchy was established to 
enable the organisation to understand the performance of its 
assets to a level where it could make informed decisions.

Advantages ü Manageable number of MST tickets

ü Able to understand the nature of specific failures

ü Improved whole asset life understanding

ü Appropriate level for deterioration modelling and 
intervention understanding

ü Meets Legislative requirements to record at specific levels 
(DSEAR)

Figure B3.31. Asset hierarchy in Ellipse
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A COGNOS datamart is used to extract data for subsequent reporting and analysis in a range 
of asset management processes including forward-looking serviceability modelling. For 
infrastructure assets this data can be further displayed in desktop mapping systems 
(MAPINFO) for analysis geographically. 

The database contains 275000/142000 component/equipment sets and over 1.75m work 
orders. Ellipse has been in use since 2001 and also contains data imported from the RAPIER 
system which preceded it.

A comprehensive programme of data improvement has been undertaken during AMP4 to 
ensure that work order information is captured at the lowest possible level in the system to 
improve data quality for asset planning. For Work Orders to be correctly linked to a failure 
mode they must be attached at either Equipment Set or Component level. Monitoring has 
improved significantly since PR04 as can be seen from the graph below, which shows a 
significant increase in the proportion of Work Orders being recorded at these lower levels 
since 2005.

Figure B3.32 – Attachment of Work Orders by year and hierarchy level within Ellipse

Data held within Ellipse include:

• Mains bursts are recorded as per the OFWAT definition of a burst. Burst records are 
dated and geo-referenced to allow environmental variables (such as climatic conditions 
and soil types) to be taken into account in the modelling process. The dataset used as the 
basis for mains burst modelling contained 12,261 burst records from June 2001 through 
to March 2007;

• Leakage data are recorded in the form of Net Night Flows for each DMA. In preparation 
for leakage modelling, this data has been combined with average customer allowances 
and Hour to Day Factors to calculate average Night Flow Loss values for each DMA;

• Supply interruptions are recorded by address, including the duration of the interruption 
and the dates over which it occurred. A reason for the interruption is also recorded (e.g. 
mains failure, maintenance, third party). The dataset used as the basis for modelling 
interruptions due to mains bursts covered the period from June 2001 to October 2006, 
and comprised 16,192 records, of which 10,189 are attributed to mains failure. Plant 
failures, interruptions caused by a third party, and planned maintenance were excluded;
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• Communication pipe repairs are recorded with dates and a geographical reference as per 
mains bursts. The dataset used as the basis for communication pipe burst modelling 
covered the period from July 2001 to March 2007 totalling 47,728 records were used in 
the modelling; and

• Repairs to leaking supply pipes, meters and stop taps are recorded in the same way as 
for communication pipes. The annual numbers of supply pipe, stop tap and meter repairs 
carried out in each DMA were used in leakage modelling.

• Planned and reactive work orders at asset level, used for validation of failure rates for 
non-infrastructure assets.

Southern Water has a well defined process for updating information on Ellipse if asset data is 
found to be incorrect when a member of Operations visits a site. Information can be updated 
using a paper form (available via the intranet and sent back to Head Office) or via an 
electronic updating system through Operations handheld devices. Historically, the company 
has instigated programmes of targeted data improvements by identifying staff with the best 
and worst records of asset data updating which has assisted in improving data quality.

B3.2.3.3 GIS

The below ground assets are stored in the GIS system as a series of nodes (points) and links 
(lines and polylines). The data relates to both the water and wastewater networks and the 
system holds the records to STC25 (Standing Technical Committee 25 1974) standards. The 
assets have basic node/link/node connectivity to enable tracing and modelling to take place. 
The Auto Desk Geographic System (ADGS) also contains a range of background mapping, 
catchment polygons, address points and other data used for Area Asset Planning processes. 
In general data is copied from the ADGS system into a MapInfo cache for use by desktop 
mapping systems (MAPINFO) along with other data extracted from systems such as Ellipse, 
CSMS (Customer Service Management System, SIRF (Sewerage Incident Reporting Form) 
for analysis by the Asset Performance service provider and others. Again many of these 
datasets are used to inform risk and deterioration modelling.

The database holds approximately 600,000 sewerage manholes and 380,000 water main 
nodes along with associated links. The databases have been in existence since the mid 
1980s following digitisation of the records. New assets are added to the database along with 
updates by an outsourced service provider based on data supplied from record drawings, 
requisitions etc linked to MOS423 (Manual of Sewerage form 423). In addition updated data is 
also collected during routine operational activities via mobile GIS units (MGIS). All the GIS 
data is also available to view via an intranet application called MAPGUIDE.

Details provided from this system and used in our asset performance and serviceability 
monitoring and modelling are as follows:

• Year laid (installation date) – within GIS 21% of mains length were originally assigned a 
year in which they were laid. In order to address this, a sub-project was undertaken to 
determine the age of the remainder in the distribution system. Historical maps were 
provided from which property development dates were estimated; this has been used to 
estimate the period in which the mains were laid. Following this, estimated ages were 
available for all but 0.005% of the mains;

• Material – the GIS system contains the material type for 97% of mains length;

• Length – the GIS system contains the entire length of the distribution system;

• Diameter – the GIS system contains the pipe diameter for 99% of mains length; and
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• Estimates of communication pipe material, based on a WRc project originally carried out 
in 1998 and continuously updated from work carried out on the distribution system. The 
database contains 53,000 records.

B3.2.3.4 CSMS (Customer Services Management System)

The CSMS is a key application which records all customer contacts and in particular those 
relating to incidents such as low pressure, flooding etc. The CSMS system is used to provide 
a key reference point for a number of other systems (e.g. SIRF, PIRF). Calls taken by the call 
centre which initiate work are sent to a dispatcher who raises a work order in Ellipse which 
uses the CSMS reference to link the two systems.

CSMS data is used as an input into the Area Asset Plan to analyse incidents in conjunction 
with data held in Ellipse and other systems (SIRF, PIRF etc.). There are approximately 1.8m 
water records and 1.0m wastewater records used in asset planning from 1996 onwards.

B3.2.3.5 SWET 

The Southern Water Estimating Tool (SWET) was established in 2005 as a system to capture 
actual construction costs during AMP4. It is a database system that holds cost curves for 
approximately 70 types of intervention in Work Breakdown Structures to align with regulatory 
reporting requirements, such as the Cost Base.

The data held in SWET covers costs for water and sewerage interventions, across 
infrastructure and non-infrastructure assets, although there are more items of data covering 
wastewater due to the balance of interventions during AMP4. Intervention costs from all 
projects completed by our framework contractors are provided back to Southern Water to 
update the database.

The database is managed by a Quantity Surveyor working in the Property department.

Financial Information is currently held in two main repositories detailed below.

B3.2.3.6 E5 Financial System

This is Southern Water's Financial Information and Management System, supplied and 
supported by Cedar Ltd. The system can be divided into six individual modules including 
General Ledger (GL), Purchase Ledger (AP), Requisitioning and Purchasing (POP), Inventory 
Management (IM), Sales Ledger (AR/SI) and Fixed Assets (FA). The system holds details of 
all financial transactions and can be used to drill down to retrieve the cost of maintaining sites 
and sub processes.

Data can be extracted from E5 for use in Asset Planning processes from a Financial 
Datamart.

B3.2.3.7 Fixed Assets

The finance team maintain a listing of all fixed assets based on historic projects and analysis 
of the cost elements relating to new plant and equipment in order to apply depreciation for 
financial accounting. This is linked to E5 as a module. 

The above financial systems are to be replaced in April 2009 with new SAP based modules 
which will be fully integrated including Financial Accounting, Management Accounting, Fixed 
Assets, Project System, Investment Management, Accounts Receivable and Purchase Order 
processing). There will also be better integration through facilities to import work orders from 
the Ellipse system for improved unit cost modelling.



Southern Water

Final Business Plan 2009

B3.50

B3.2.3.8 Other Data Systems and Sources

In addition to the three main databases Southern Water operates a series of specialist 
applications/systems that are used to record information relating to consents, asset condition, 
incidents etc. Most of the systems above can be linked either using a unique reference (e.g. 
GIS Asset ID, Site Unit Number, Ellipse Work order etc) or via use of geocoding and display 
of the data on a desktop mapping system like MapInfo. Display of asset information 
particularly in relation to network data is used to analyse for clusters and hotspots and enable 
risk profiling to be carried out. This type of analysis is now being developed further via the 
Area Asset Plan process which extracts data from a range of systems and displays it in a 
geographical format with a scoring system applied to both water DMAs (District Meter Area) 
and wastewater LACs (Local Area Catchment).

These and other applications used for Area Asset Planning for water assets are indicated on 
the systems chart and are briefly described below. More detail on the systems used for 
wastewater asset planning is given in Section 0.

Table B3.33. Other Southern Water data systems for water asset planning

Name Description Comments

SCOPE
Scope is a proprietary telemetry 
system with a configurable 
database. 

--

PI (Plant Information) PI is an archived telemetry 
database with close links to 
SCOPE

--

LMARS (Leakage 
Monitoring and 
Reporting System)

LMARS is a program used by 
leakage to retrieve data from flow 
loggers, not linked to SCOPE.

Holds configuration details 
and data stream for in 
excess of 4300 district 
meters, customer meters 
and pressure points

WSS/WSR (Works 
Scheduling/Reporting 
System)

The scheduling system contains 
information on operator rounds and 
frequent operational activities.

--

EDM (Electronic 
Document 
Management)

Contains electronic copies of 
documents or references to 
archive material stored in paper 
format

Set up in the mid 1990’s 
initially as a drawing 
storage system and 
contains in excess of 
350,000 documents.

OPTIMA/UBS
Key database holding information 
relating to energy use on sites. The 
UBS module is used to check and 
allocate energy bills.

---
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CALMS (Consents and 
Licence Management 
System)

A record of all current consents 
across Southern Water. 

There are linkages between 
CALMS and the laboratory 
system Sample Manager 
which holds details of all 
tests carried out. CALMs is 
available to staff from the 
ISIS (Integrated Scientific 
Information System) via 
Cognos.

EGIS (Environmental 
GIS)

A system to store and manage 
environmental reports in a 
controlled environment set up in 
the late 1990s.

It is closely associated to a 
store of Environmental 
mapping held mainly in 
MapInfo format.

Asset Miner
Desktop mapping system based on 
MapInfo which enables 
visualisation of data held in 
numerous other systems on maps. 
The data sources include Ellipse, 
CSMS, SIRF, DG5, DG2, DG3 etc.

Tool that uses data from 
other systems

PIRF (Pollution Incident 
Reporting Form)

Database holds additional details 
on pollution incidents for 
wastewater and water and has 
references to link with CSMS, 
Ellipse and SIRF

The system is used to 
record exchange of details 
with the Environment 
Agency and management 
actions to reduced future 
incidents

DETS (Developer 
Enquiry Tracking 
System)

This holds information relating to 
planning and developer enquiries 
made to Southern Water since 
2003

---

Investigation Tracker
The tracker allows holds 
information about investigations 
being undertaken as part of the 
area asset plan

---
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DG2/DG3
System holds the information 
relating to DG2 and DG3 incidents 
and property details. 

The information is added 
initially based on reportable 
incidents and verified by 
operational staff using GIS, 
PI data and other 
information

DISCAP (DIStribution 
CAPital Schemes)

Details of known water problem 
areas and capital schemes (Clean 
water equivalent of PADLS for 
wastewater).

INFOWORKS
This database holds all of the 
hydraulic models for the company

There are approximately 
125 wastewater and 35 
water models currently in 
the system covering the 
majority of the Southern 
Water area

ISIS
Corporate water quality archive 
ISIS contains all the water quality 
compliance and investigation data 
for a period in excess of the last 10 
years

---

Other data sources include:

• Average zonal night pressure (AZNP), this data is recorded and collated from 300 loggers 
in the field.

• Critical Point Pressures recorded by over 700 data loggers on the network.

• Weather data for use as explanatory factors in modelling mains bursts included:

• Monthly means of daily minimum temperature recorded at ten weather stations in the 
Southeast;

• Monthly days of air frost recorded at ten weather stations;

• Weekly Soil Moisture Deficit recorded in 15 MORECS squares (40km x 40km);

• Weekly rainfall recorded in 15 MORECS squares; and

• Weekly Potential Evaporation figures for 15 MORECS squares;

• Property locations;

• Land use; and

• Soil data:

- Soil type and description;

- Corrosivity (to Zn and Fe); and

- Shrink-swell potential.
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B3.2.3.9 Future Strategy

It is generally acknowledged that whilst it is possible to carry out analysis of the asset base 
using the current suite of applications the data is not currently fully integrated (e.g. 
underground assets held in GIS but work orders held in Ellipse). Better integration of 
the asset databases is planned between 2010 – 2015 via a project to create a single Asset 
Repository and link it to the Back Office financial systems currently being implemented in 
SAP. The strategy is to absorb as many repositories as possible into either GIS or Ellipse 
(SAP) and then fully integrate the two environments. Full details of these and other IT projects 
can be found in section B3.9.

B3.2.4 Data Quality and History

Table B3.34 below provides a summary of the data that we collect in relation to Water 
Infrastructure Assets and the length and quality of data available. Specific examples are 
provided elsewhere in this section of how we have taken steps to improve data during AMP4 
in areas where we previously identified gaps.

Table B3.34. Data Quality Summary (Water Service)

Data Level Entries

Installation date >99%

Material 97%

Diameter 99%

Geo referenced bursts >12,000

Distribution Mains

Pressure From 300 loggers 

Leakage DMA level All DMAs

Interruptions to Supply Date/duration cause >16,000

Material 53,000
Communication Pipes

Geo referenced bursts >47,000

Leakage Repairs Supply pipes/stopcocks/meters Across company

Water Quality Iron/alkalinity/hardness/turbidity 10 year history

Weather Data
Temp/air frost/rainfall 

SMD/evaporation
10 weather stations

Soil Data
Type/corrosivity/shrink-swell 

potential
Across company

Land Use
Location of roads/buildings 

open land
Covers all SW area

Costs
Current repair costs

Based on AMP4 cost 
data from SWET
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B3.3 Business Case by Asset Group – Water Service

B3.3.1 Water Infrastructure – Water Mains

This section covers water mains renewals and renewal of communication pipes where 
undertaken as part of mains renewal.

B3.3.1.1 Data

B3.3.1.1.1 Asset observations and measures

A range of asset observations are routinely collected by Southern Water to enable analysis of 
asset performance to be undertaken. The principal asset observations used to generate 
forward looking models for PR09 were as follows:

• Asset data for water distribution mains, including installation date, material, length, 
diameter; note that gaps in data on the installation date of mains were filled by identifying 
property development dates from historical maps as described in section B3.2.3.3;

• Operational data for water mains including AZNP and water chemistry;

• Location data such as property density, soil type and surface use;

• Weather data for use as explanatory factors in modelling mains bursts; and

• Estimates of communication pipe material, based on a WRc statistical analysis originally 
carried out in 1998 and continuously updated by recording data on material, diameter and 
length of all communication pipes exposed during reactive and proactive work. These 
data are held in a ‘legacy’ database and recorded in Ellipse since its inception.

Table B3.36 to Table B3.38 below show the full list of data used in the mains burst rate, 
interruptions and leakage models respectively. More detail on the models derived from these 
asset observations is presented in Section B3.3.1.2. A list of the burst rate models is provided 
in Table B3.35 below for reference:

Table B3.35. Mains deterioration models used in the analysis

Model Description Length (km) % Length

1 CI pre-1935 3,962 29.6

2 CI post-1935 2,499 18.7

3 DI 1,563 11.7

4 SI 1,184 8.8

5 PE 1,720 12.9

6 CI unknown age 219 1.6

7 PVC 940 7.0

8 AC 476 3.6
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9 GI 148 1.1

10 Other known materials 220 1.6

11 Unknown materials pre-1935 228 1.7

12 Unknown materials post-1935 217 1.6

Total 13,376 100.0

Table B3.36. Data inputs into mains burst rate models
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Table B3.37. Data inputs into interruptions models

Table B3.38. Data inputs into leakage models
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B3.3.1.1.2 Data on asset and service failures

Asset and service failures are monitored as follows and recorded on the MIMS work 
management system:

• Mains bursts are recorded as per the June Return definition of a burst. Burst records 
were dated and geo-referenced to allow environmental variables (such as climatic 
conditions and soil types) to be taken into account in the modelling process. The data set 
utilised in modelling contained 12,261 burst records from June 2001 through to March 
2007.

• Leakage data are recorded in the form of Net Night Flow for each DMA. These were used 
with average customer allowances and Hour to Day Factors to calculate average Night 
Flow Loss values for each DMA.

• Supply interruptions are recorded by address, including the duration of the interruption 
and the dates over which it occurred. A reason for the interruption is also recorded (e.g. 
mains failure, maintenance, third party). Records of supply interruptions used in modelling 
covered a period from June 2001 to October 2006 and comprised 16,192 records, of 
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which 10,189 are attributed to mains failure. Plant failures, interruptions caused by a third 
party, and planned maintenance were excluded.

• Communication pipe repairs are recorded with dates and a geographical reference as per 
mains bursts. Records used in modelling covered the period from July 2001 to March 
2007, totalling 22,448 records.

• Repairs to leaking supply pipes, meters and stop taps are recorded as per 
communication pipes and were used in calibrating the leakage models.

B3.3.1.1.3 Cost data for consequences and interventions

Consequence Costs

Data on burst repair costs were obtained from the Southern Water Estimating Tool (SWET).

In addition, for identified critical trunk mains, site-specific cost consequences of failure were 
estimated.

Since Guaranteed Standards payments are made for interruption in excess of 12 hours only, 
the cost of interruptions was considered not to be material, with the exception of the critical 
trunk mains for which these were included in the site-specific cost consequence estimates.

Cost of interventions – mains renewal

All mains renewal costs were derived from information held in SWET for historic costs of 
mains renewals. These are the same costs used to derive the PR09 cost base submission. 

The SWET data were used to calibrate a unit cost model in the form:

Cost = A x D
B

where D is the pipe diameter and A and B are parameters as given in Table B3.39 below.

Table B3.39. Cost models for mains renewal

Renewal Pipe 
Material

Location (A) (B)

PE Rural

PE Footpath

PE Carriageway

DI Rural

DI Footpath

DI Carriageway Type 1/2
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These costs incorporate all asset replacement costs including contractor costs (including 
materials and reinstatement), traffic management and chlorination.

Cost estimates for replacement of communication pipes were provided as follows:

• Shortside:

• Longside: 

A weighted cost for short side to long side communication pipes was taken as  per 
service connection.

These were estimated from the average cost of recent communication pipe renewals 
undertaken by Southern Water from information held in SWET and used to derive the Cost 
Base submission.

In the optimisation models a weighted average of longside and shortside costs was used as 
the exact numbers of communication pipe types present on each section of main was not 
known.

In deriving the net cost of an intervention, a discount rate of 5.5% has been applied to all 
future costs and savings, including capital and operation costs, social and environmental 
costs and customer Willingness to Pay where applicable. Future costs are calculated for each 
year over the 25-year planning horizon, discounted back to the intervention date, and then 
added to the intervention cost to derive the net cost used in the selection of interventions.

B3.3.1.2 Analysis

B3.3.1.2.1 Historical analysis

Historical serviceability

The overall historical performance as determined at a high level through serviceability 
assessments is shown in Figure B3.40 below. We will show later in this section that, in some 
cases, performance at sub-threshold level has a recent history of deterioration.
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Figure B3.40. Serviceability of water infrastructure assets and capital expenditure (actual 
numbers)

A review of mains bursts over the last 12 years indicates a rising trend over the last 4 to 5 
years when a polynomial trend line is fitted to the data, as shown in Figure B3.41 below.

y = 1.481x2 - 25.84x + 241.7
R² = 0.758
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Figure B3.41. Mains bursts 1996-2008

Mains bursts have the potential to cause interruptions to supply. When reviewing this data for 
unplanned interruptions to supply greater than 12 hours and the sub threshold indicator of 
less than 6 hours, a deteriorating trend is observed.
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Figure B3.42. DG3 Performance (interruptions >12 hours) 1999-2008

The deteriorating trend is clearly evident irrespective of performance in 2001/02 which was 
due to 2 particular incidents, both of which affected a large number of properties with one 
incident alone affecting nearly 3000 properties. 
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Whilst the interruptions falling within the 6 to 12 hour band is showing an improving trend (see 
Figure B3.44), we are concerned at the trend in the numbers of interruptions in the lower 
duration band as each interruption affects our customers. Every effort is made to restore 
supplies at the earliest time and, in general, an interruption in excess of 6 hours is due to 
exceptional circumstances including difficultly to identify the burst location (e.g. rural mains), 
PVC mains that require significant excavation for repair of one or more pipe lengths, and 
repairs under concrete roads. All bursts cause some disruption to customers and monitoring 
of interruptions in the shorter time band is a good measure of the impact of asset condition on 
customers, whereas the DG3 indicator is more orientated towards operational aspects or 
events beyond our immediate and direct control.

Interuptions to supply 6-12 hours
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Figure B3.44. Interruptions to supply 6-12 hours (2001-2008)

The record of low pressure issues in our network has been excellent over a long period of 
time. We aim to resolve any DG2 issues as they occur, and are confident of continued good 
performance in this area. See section B3.3.4 for more detail on our proposals for maintaining 
our performance in respect of DG2.

Although data related to Iron Mean Zonal Compliance has not been tracked as an OFWAT 
serviceability indicator for such a long period as for other indicators, our performance has 
remained stable. This is as a result of our Section 19 water quality programme and the 
continuing high quality of treated water entering distribution; although there will always be 
some corrosion of iron mains in distribution and accumulation of deposits that might be 
disturbed. Our Distribution Operation and Maintenance Strategy (DOMS) which is an integral 
part of our Area Asset Plan, sets out the risk based methodology to identify existing and 
forecast discoloration risk and this is aligned to both our operational practices and 
maintenance. By proactively monitoring the data from ISIS, combined with the analysis 
methodology in our DOMS, which includes many other risk factors, we are able to predict and 
be proactive to manage risk in terms of both the probability and consequence of elevated iron 
concentration due to deterioration of the distribution system. In section B4 we explain more 
fully why we need to make a step improvement of the performance of some of our system in 
addition to containing deterioration in quality within our maintenance policy.
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Historical intervention activity and impact on serviceability

Past investment in water infrastructure has, in the main, occurred either as direct asset 
maintenance or driven by the water quality programme.  

The historic water quality programme in previous AMPs related to Section 19 undertakings 
and between the years 1995 to 2001 replaced 511km of water mains (equivalent to 4% of the 
total asset length) and relined a further 300km. Whilst the driver for the replacement of these 
mains was water quality improvements, by virtue of the fact that poor condition mains were 
replaced, secondary improvements of reducing mains bursts were achieved. The data above 
suggests that the maintenance benefits of the former water quality programme have been 
nullified by age-related deterioration. Future improvements in performance will only be 
achieved by direct asset maintenance investment.

Figure B3.45 below represents graphically the ‘tailing off’ of the maintenance benefits 
associated with the Section 19 undertakings.
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Figure B3.45. Burst rate correlation with mains replacement activity

The graph demonstrates a the relationship between mains renewal length and burst 
frequency, as the mains renewal rate decreases then, subject to a time lag, the number of 
bursts begins to increase. Particular attention is drawn to the performance in the Sussex area 
as it is here that the water quality programme was focussed due to the predominance of 
supplies if lower alkalinity surface water. The correlation between historic mains renewals and 
system performance is shown more simply in Figure B3.46 below:
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Figure B3.46. Burst rate correlation with mains replacement activity (simplified)

In our June Return, over a number of years, we have expressed our concern that the historic 
benefit from the water quality mains renewal programme was diminished and we had seen 
evidence of a slow deterioration in mains performance, albeit within a broad band of 
assessment of stable serviceability. The above analysis confirms that our current rate of asset 
renewal is not adequate to maintain serviceability let alone reverse the trend towards 
deterioration. This is further supported by the upward trend in interruptions of less than 6 
hours as highlighted in Figure B3.43 above.

Industry Comparison

Although not a driver for determining future levels of expenditure, 

Figure B3.47 below highlights the low rate of mains renewal /refurbishment when compared 
to the rest of the industry over the previous 12 years. 



Southern Water

Final Business Plan 2009

B3.64

Figure B3.47. Industry rates of mains replacement over a 12 year period from 1995-2007  

During the entire period, 1990 to 2007, our replacement rates averaged 46 km/year, which 
gives an average network lifespan index

2
of 291 years. This renewal rate takes into account 

the enhanced mains replacement programme resulting from the Section 19 undertaking and it 
is not reasonable to suggest that water infrastructure assets will maintain serviceability for this 
length of time. If the 511km of mains replaced under the Section 19 programme is excluded, 
between 1990 and 2007 we replaced only 15km per year, giving an implied life of 853 years. 
An average life expectancy well in excess of 239 years is implied by an asset maintenance 
only programme of the current size. However, our forward looking programme is based on the 
analysis of future mains performance and we accept that although the implied network 
lifespan is in excess of 350 years, we are able to maintain serviceability by focusing our 
programme.

Figure B3.48 below provides another demonstration of the current unsustainable rate of 
mains renewal. It shows that over the period since 1990, our rate of mains renewal has been 
insufficient to prevent the average age of mains increasing. This reinforces our view that our 
rate of mains replacement has historically been too low.

  
2 Average network lifespan index = (1/(average annual renewal rate/total length of main))
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Figure B3.48. Average age of Southern Water infrastructure assets

Figure 3.49 below is based on outputs from the forward-looking burst rate modelling, showing 
how the mean burst rate of mains is expected to increase as the network ages.

Figure B3.49. Burst rate by pipe age
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B3.3.1.2.2 Forward looking analysis – service and cost forecasting

Asset scope and serviceability indicators

The forward-looking analysis described in this section covers distribution mains, trunk mains 
and communication pipes.

The serviceability indicators considered are:

• Mains bursts – as defined for OFWAT June Return reporting;

• Communication pipe bursts;

• Interruptions to supply in each of the DG3 duration bands; and

• Leakage – including burst-related leakage and background leakage within the distribution 
system, from both mains and communication pipes.

Selection of the Planning Objective

The Common Framework cost-effectiveness planning objective has been applied. This 
involves selecting the capital maintenance which will minimise the total discounted cost to 
Southern Water of maintaining stable serviceability over each future Review period 
considered (AMP5 through to AMP9). This objective has been selected on the basis that we 
are proposing to maintain a stable level of serviceability on water infrastructure assets and 
that our customers have not indicated interruptions to supply or bursts as a priority area for 
improvement. 

Identification of failure modes to be modelled

The failure modes considered in the analysis were as follows:

• Mains bursts (leading to interruptions and leakage consequences);

• Communication pipe bursts; and

• Background leakage.

Asset observations

The principal asset observations used in the forward-looking analysis were as follows:

• Asset data for water distribution mains, including installation date, material, length, 
diameter;

• Operational data for water mains including AZNP and water chemistry;

• Location data such as property density, soil type and surface use;

• Weather data for use as explanatory factors in modelling mains bursts; and

• Estimates of communication pipe material, based on a WRc project originally carried out 
in 1998 and continuously updated since then.

Modelling probability of failure and failure rate

Failure rate models were identified and calibrated from historical failure data as follows:

Mains bursts

The burst data provided were analysed alongside available mains attribute data to identify 
statistically significant variables to be included in the modelling. Twelve models were 
developed for mains of different material groups, including those mains whose material is not 
known (approximately 3% of the length of the network). The output of the models is the 
expected number of bursts on a given length of main, in a given year. Details of the 12 
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models and the number of bursts used for modelling in each case are given in Table B3.50
below.

Background leakage

Data on Night Flow Losses for each DMA were used in conjunction with the mains attribute 
data to develop a background leakage model, defined as the lowest level of leakage generally 
achieved in a DMA. The rate of leakage was estimated based on various mains attributes. 
Leakage attributable to bursts is considered separately, as described under consequences of 
failure below.

Communication pipe bursts

Records of bursts were analysed alongside estimates of communication pipe material, spatial 
data and nearby main attributes to develop a communication pipe burst model based on 
historical burst rates.

Table B3.50. Burst rate models

Model Materials Length(km) Length% Number of  
Bursts

1 CI pre-1935 3,962 29.6% 2,898

2 CI post-1935 2,499 18.7% 2,071

3 DI 1,563 11.7% 486

4 SI 1,184 8.8% 1,240

5 PE 1,720 12.9% 593

6 CI Unknown Age 219 1.6% 148

7 PVC 940 7.0% 586

8 AC 476 3.6% 427

9 GI 148 1.1% 97

10 Other Known Materials 220 1.6% 42

11 Unknown Materials pre-1935 228 1.7% 134

12 Unknown Materials post-1935 217 1.6% 140

The models of both failure rate and consequences have been developed from historical data, 
without recourse to expert judgement, and using a methodology consistent with the UKWIR 
report on mains deterioration modelling

3
.

  
3 UKWIR, Distribution: Development of National Deterioration Models, Ref: 07/RG/05/20, ISBN: 1 84057 458 5
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Modelling service consequences of failure

Service consequences were quantified with regard to their impact on the defined serviceability 
indicators, as follows:

Interruptions: Interruptions were attributed to specific bursts so that the attributes of the 
bursting main could be used to produce a model to predict interruptions. A statistical model 
was developed to estimate the expected number of supply interruptions that will result from a 
burst on a particular main; this output can then be combined with the modelled mains burst 
rate to predict the expected number of interruptions occurring. Models were developed for 
interruptions in each of the DG3 duration bands. (This forgoing text described the approach 
for all mains other than strategic trunk mains. The approach for strategic trunk mains is 
described under ‘System Analysis’ below.)

Burst-related leakage: The leakage data were analysed in conjunction with the burst data to 
develop a model for burst-related leakage. This comprises all leakage that occurs above the 
background level, and is regarded purely as a consequence of mains bursts. The output of 
this model is the estimated volume of water lost per burst on a given main. This can be 
applied alongside the burst model and background leakage model to give an estimate of the 
total leakage over a given period of time.

System Analysis: In order to fully understand the impact of failure of non-infrastructure 
assets and strategic trunk mains, we developed a MISER model. This was based on the 
existing pump scheduling model already in use within Southern Water. MISER is a 
connectivity model that shows network linkages and stores information regarding hydraulic 
constraints. MISER uses optimisation to identify the best operational response to a failure in 
order to minimise supply interruptions. This has allowed us to assess the system impact of a 
trunk main failure and whether it can be mitigated by network connectivity.

MISER results are expressed as the number of customers experiencing an interruption to 
supply for each failure event and duration band.

Modelling cost consequences of failure: Mains burst repair cost models were developed 
using burst repair data provided by SWS. Separate models were developed for each of 6 
material groups, and each model was calibrated using a weighted least-squares approach. 
The functional form used was

where D is the diameter and A, K and N are coefficients whose values were set in the 
calibration. The material groups and model coefficients are given in Figure B3.51 below.

Table B3.51 – Coefficients used in mains burst repair cost model

Material group A K N

CI/SI/GI/ST/OT

DI

PE

PVC

AC
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For critical trunk mains, site-specific burst repair costs were used in preference to this model 
where available. 

The consequence costs associated with communication pipe bursts were calculated to reflect 
the relative proportions of repair vs. reactive replacement. The repair and reactive 
replacement costs provided were £500 and £1000 respectively, and the repair vs. reactive 
replacement ratio was given as 70:30.

Cost consequences of leakage were calculated using the Active Leakage Control cost curve 
applied in the Economic Level of Leakage assessment. The gradient of this curve at the 
current leakage level gives the cost saving per Ml that would be achieved as a result of Active 
Leakage Control that would no longer be required if the main were renewed.

Model validation

Where sufficient data were available, models were calibrated on a randomly selected half of 
the mains in that group. The resulting models were then applied to the remainder of the data 
set, and the results compared with historical records for these mains. 

In the case of the burst rate modelling, two material groups contained a large enough length 
of mains and number of recorded bursts to be spilt into calibration and validation sets in this 
way:

• Cast iron laid pre-1935; and

• Spun iron.

As an example of the validation graphs produced, Figure B3.52 below shows the modelled 
and observed burst rate versus diameter for the validation data set for Cast Iron mains 
installed before 1935. It can be seen that very good agreement is achieved.
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Figure B3.52 – Comparison of modelled and observed burst rate versus diameter for 
validation data set for CI mains installed before 1935
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A second type of validation involved applying the model to the historical data set and 
comparing observed and predicted bursts on a monthly basis. This illustrates the degree to 
which the model is representing weather-related variations in burst rate. The predicted and 
observed bursts on cast iron mains laid prior to 1935 are compared in Figure B3.53 below as 
an example. It can be seen that the model adequately represents the winter peak in bursts, 
particularly in the later years of the burst record.

0

20

40

60

80

100

120

Dec-99 Apr-01 Sep-02 Jan-04 May-05 Oct-06

Month

N
u

m
b

e
r 

o
f 

b
u

rs
ts

Observed Predicted

Figure B3.53 – Comparison of modelled and observed monthly burst rate over the period of 
the historical burst record on CI mains installed before 1935

Forecasting of service, asset performance and reactive costs

The models developed were used to forecast the expected magnitude of each asset 
performance and service failure (bursts, no. of interruptions, total leakage etc.) in each future 
year, as follows:

• Mains bursts: The expected number of bursts on a given main are estimated directly by 
the model.

• Interruptions: The expected number of interruptions occurring in the case of a burst are 
multiplied by the expected number of bursts on a given main to obtain the expected 
number of interruptions attributable to that main.

• Leakage: Background leakage volumes are estimated directly by the model. The 
expected volume of leakage in the case of a mains burst is multiplied by the expected 
number of bursts on a given main to obtain an expected burst-related leakage figure. This 
is added to the expected leakage from failures on communication pipes, supply pipes, 
stop taps and meters, and added to the background leakage volume to obtain the total 
expected volume of leakage attributable to that main. Failure rates associated supply 
pipes, stop taps and meters are assumed to be constant over time and as such average 
historical values are used in forecasting.

• Communication pipe bursts: The expected number of bursts on a given communication 
pipe are estimated directly by the communication pipe burst model.



Southern Water

Final Business Plan 2009

B3.71

These estimates can be summed over all assets to give total estimated numbers of future 
service failures. The impact of selected interventions can then be assessed by noting the 
change in these totals when the interventions are applied. 

The expected number of bursts and interruptions, with and without interventions, are shown in 
section B3.3.1.2.3 below. 

Reactive costs associated with burst repairs were estimated by multiplying the expected 
number of bursts on each main by the relevant burst repair cost.

B3.3.1.2.3 Forward looking analysis – intervention analysis

The intervention options considered were:

Renewal of mains and communication pipes, selected at the pipe-group level as described 
below;

Duplication of strategic trunk mains with non-zero MISER interruptions consequences. For 
these mains duplication typically offers a more cost-effective solution than renewal due to the 
greater interruptions benefits expected.

The renewal materials applied were polyethylene for mains with a diameter up to and 
including 300mm, and ductile iron for larger mains. The renewal material applied to 
communication pipes was polyethylene.

Communication pipes other than blue polyethylene are renewed along with the mains to 
which they are connected, in keeping with company policy.

Relining has not been considered as an intervention option since it would not generate 
significant benefits against the modelled serviceability indicators, and as such would not be 
selected by the optimiser as part of the most cost-effective programme of interventions to 
achieve stable serviceability.

Mains were grouped for the selection of interventions as follows. GIS pipes were grouped that 
are hydraulically connected, have the same material, and are similar to each other in terms of 
diameter and installation date. The minimum scheme length available for selection was 100m; 
schemes shorter than this were not available for selection as intervention options, as such 
short renewal lengths could not be delivered within the unit costs applied.

Estimating the impact of interventions

The effect of mains renewal was assessed by estimating the failure probability and service 
consequence for each main both before and after a hypothetical renewal. Mains renewal was 
considered to reset the age of the main to zero in the year of renewal and to change the 
material of the main as described above; when passed through the various failure rate and 
consequence models, these attribute changes generate the post-intervention serviceability of 
the main. This allowed the impact of mains renewal on future serviceability to be assessed for 
each individual section of main.

For strategic trunk mains with non-zero MISER consequences, the duplication intervention 
reduces the number of properties interrupted to zero.

Optimisation to select interventions

The optimal interventions were selected using Tynemarch intervention selection software.

Interdependencies between the intervention options have been taken into account in the 
optimisation as follows:

No more than one intervention can be selected on a single asset in any 5-year intervention 
period.
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The benefits of an intervention option are recalculated in each intervention period to take 
account of interventions that have been undertaken on the asset in previous periods.

There are no relevant cost interdependencies.

A brief outline of the optimisation process is provided here.

Determine the baseline serviceability level: The models developed are imported into the 
optimisation software, and used to forecast the serviceability indicators for future years. In 
each case the serviceability forecast for the first year is used as the target level of 
serviceability to be achieved at the end of each AMP period.

Incorporate costs: Costs associated with failures (e.g. burst repair costs) and intervention 
(e.g. the cost in £/m for mains renewal) are imported to the software. 

The failure and consequence costs are used to determine the whole-life cost savings of 
carrying out a particular intervention on a given pipe.

The net cost of a selected intervention is the cost of performing the intervention minus 
the forecast cost savings. Where the discounted failure costs that would be averted by 
the intervention are greater than the intervention costs, this intervention is selected to 
be carried out on economic grounds.

For each intervention the changes in operational costs associated with undertaking the 
intervention are calculated for each future year. The cost changes comprise the savings 
due to asset failure costs (e.g. burst repair costs) and serviceability failures (e.g. site-
specific consequential costs associated with trunk main bursts) that will no longer be 
incurred as a result of the intervention.

Calculate benefits of interventions: The benefit for each serviceability indicator is 
calculated as the difference between the forecast numbers of events for a given pipe pre- and 
post-intervention. 

Select interventions to meet serviceability targets: Interventions are selected in an order 
that reflects their benefits against each serviceability indicator and their net cost, until all 
serviceability targets are met. The optimiser applies a formal algorithm to adjust the order of 
selection until the least cost solution is identified.

Results

A summary of the 25-year optimisation results is provided below for the company’s preferred 
scenario. The optimisation applies stable serviceability targets for the mains bursts and 
supply interruptions serviceability indicators. No targets are set with regard to leakage and 
communication pipe bursts; introducing these targets would increase the maintenance 
requirement.

Table B3.54 – Summary of renewal lengths and costs required to maintain serviceability

AMP Period Total length for 
renewal (km)

Renewal length per 
annum (km)

Capital cost of 
interventions (£m)

Number of Comm 
Pipes

AMP5 254 52 3,174

AMP6 308 64 9,721

AMP7 349 71 13,351

AMP8 371 78 13,864

AMP9 385 77 16,273
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Intervention costs are forecast to increase over future AMP periods as the optimisation 
ensures that the most cost-effective mains renewals are undertaken in the first period.

Forecast serviceability with and without interventions are shown for each serviceability 
indicator in the figures below.  The saw-tooth shape of the “with interventions” curves results 
from the modelling assumption that all renewals are undertaken in the middle year of each 
AMP period.

1400

1600

1800

2000

2200

2400

2600

2005 2010 2015 2020 2025 2030 2035 2040

Year

P
re

d
ic

te
d

 n
u

m
b

e
r 

o
f 

b
u

rs
ts

Without interventions With interventions Target

Figure B3.55  – Forecast number of mains bursts with and without selected interventions
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Figure B3.56. Forecast number of Band 0 interruptions (<3 hours) with and without selected 
interventions
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Figure B3.57 – Forecast number of Band 1 interruptions (3-6 hours duration) with and without 
selected interventions
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Figure B3.58 – Forecast number of Band 2, 3 and 4 interruptions (6-24 hours duration) with 
and without selected interventions
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Figure B3.59 – Forecast background leakage volume with and without selected interventions
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Figure B3.60. Forecast total leakage volume (background and burst-related) with and without 
selected interventions

Similarly, the Figure below shows forecast reactive (opex) costs with and without 
interventions.
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The reactive costs with interventions are shown to increase over time. This is because the 
water infrastructure optimisation maintained stable serviceability for mains bursts and 
interruptions (in 4 duration bands), whereas the reactive costs also include costs associated 
with communication pipe burst repairs and leakage (to cover additional Active Leakage 
Control). Both communication pipe bursts and leakage are forecast to increase over time in 
this scenario, leading to a gradual increase in the associated costs.

Forecast failure-related costs for water mains and communication pipes, with and without 
selected interventions

B3.3.1.2.4 Response to Ofwat Reporter Guidance on Water Mains up to 320 mm 
Diameter

The following text is provided in response to the Ofwat Reporter’s Company Specific 
Guidance on tables A4 and C3.1 relating to Water Mains up to 320 mm Diameter.

Ofwat have used the mains condition grade data provided by companies in Table C3.1 to plot 
a graph of cumulative average annual bursts versus cumulative length. They have then 
superimposed on this graph the length of mains renewal proposed in each company’s Draft 
business Plan over AMP5 and found that this corresponded to a proportion of bursts ranging 
from under 10% to over 25% of the cumulative annual average. 

Generic Reporter guidance has been provided suggesting that companies’ investment 
targeting could be more effective, and have asked that companies “review, revise downwards 
or strengthen your case for potable mains renewals up to 320mm diameter”.

The implication is that when compared with proposed renewal requirements, the proportion 
referred to above provides a means of comparing companies’ targeting approaches, or is 
indicative that the targeting of a particular company could be improved. 

We would argue that this is not the case, for the following reasons:

• The Ofwat analysis considers mains bursts only, whereas companies are required to plan 
interventions to achieve stable serviceability across a number of indicators including 
those more closely related to customer service such as unplanned supply interruptions. If 
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interventions are selected solely to ensure stable bursts at least cost then these are not 
sufficient to ensure stable serviceability across the other indicators considered. 

• The Ofwat analysis orders the mains cohorts by burst rate per unit length. In order to 
identify the set of interventions that will ensure stable serviceability at least net cost (i.e. 
apply the cost-effectiveness planning objective), interventions must be ordered by 
serviceability benefit per unit cost. In practice the unit cost of alternative renewal 
interventions can vary significantly according to the surface type (road, footpath, verge, 
etc.) and diameter. Hence even neglecting other serviceability indicators, these two 
ordering approaches can give significantly different results. Maintaining serviceability at 
least length will always generate a lower length but higher cost result than maintaining 
serviceability at least cost. 

• New mains have a non-zero burst rate and hence undertaking interventions on mains 
responsible for N% of bursts will have an effect on the burst rate of less than N%. 

• The Ofwat analysis does not take account of the rate of future deterioration of the mains, 
which will vary between companies for legitimate reasons including the age and material 
distribution of the mains and geographic differences in soil properties and climate. 

The Figure below is provided for illustrative purposes. This shows the Ofwat graph in red. The 
Ofwat analysis takes the company’s stated renewal requirement of A and uses the red curve 
to derive a number of bursts P. This is then converted to a proportion for comparing with other 
companies.

A more correct approach is to identify the deterioration in the number bursts expected at the 
end of the period (point 4 above), which gives a ‘bursts benefit’ P (different from P above) that 
must be procured to maintain stable serviceability with regard to this indicator. If the 
intervention options are then ordered by cost-effectiveness taking account of differing unit 
costs (point 2 above) and the non-zero post-intervention burst rate (point 3 above), then the 
result is the blue curve in the Figure. This curve indicates that renewal of length B is required 
to maintain stable bursts at least cost. In practice further interventions are also needed to 
achieve stable serviceability across all the relevant indicators, taking the renewal requirement 
to C.
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Figure B3.61 – Cumulative bursts versus cumulative length for mains cohorts

B3.3.1.2.5 Conclusions

We noted from the forward-looking analysis that the mains renewal length to maintain stable 
serviceability for mains bursts and for interruptions of supply is 265km, yet this is not 
adequate to prevent a continuing increase in background leakage due to asset deterioration.  
We therefore requested our contractor (Tynemarch) to develop a model to maintain 
background leakage in addition to maintaining stable serviceability for bursts and interruptions 
and this showed that mains renewal of some 600km in the AMP5 period, and increasing 
thereafter, was required to maintain stable serviceability against this additional measure.

In our SDS we set out our approach to developing a sustainable approach to leakage and 
within this believe that future increase in background leakage due to deterioration in assets 
should be met by asset replacement rather than the continuing increase in active leakage 
control effort.  

With the impact on street works and avoidance of repeat visits to local communities and the 
customer support for leakage reduction, we are convinced that a strategic programme of 
mains renewal for leakage purposes is the essential future approach. However, we 
acknowledge that the step change to introduce such an approach is not immediately 
practicable or economically justified.  We have therefore proposed to undertake mains 
replacement at the level required for stable bursts and interruptions only in the AMP5 period. 
We will continue to re-evaluate the need for a larger scale mains replacement programme to 
reduce leakage before PR14. We have taken this approach to avoid unnecessary impact on 
customer bills that would occur from a larger programme.

We believe that this is an example of an area in our plan where we have identified an 
investment need but have balanced our exposure to risk against the impact on our customers’ 
bills. Through our long term Asset Plan approach, we will target the highest risk mains that 
impact serviceability during AMP5 to enable us to mitigate as much risk as possible in the 
short term.
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The Figure below compares our historical expenditure with the AMP5 expenditure associated 
with this strategy.

Table B3.62. Historical versus projected mains renewal expenditure

AMP3 
Expenditure

AMP4 Forecast 
Expenditure£m

Actual 07/08 
Prices

Actual 07/08 
Prices

AMP5 
Forecast 

Expenditure

Water Distribution Mains

It can be seen that our forecast expenditure requirements to maintain stable serviceability 
with regard to bursts and interruptions are increasing in AMP5 (and also increased in AMP4 
over AMP3). This is consistent with our observations in the historical analysis section above 
that historical maintenance activity has not been sufficient to prevent a deterioration in 
serviceability against certain indicators in recent years.

Delivery of this element of the programme will be through a re-tendered Multi Services 
framework that will include water and wastewater infrastructure capital delivery. We are 
confident that this will build on our successful delivery of the AMP4 programme using a similar 
approach.

B3.3.2 Water Infrastructure – Communication Pipes

This section covers requirements for renewal of communication pipes where this is not 
associated with mains renewals. Communication pipe renewal associated with mains renewal 
is covered in section B3.3.1 above.

B3.3.2.1 Data

B3.3.2.1.1 Observations and measures

A range of asset observations are routinely collected by Southern Water to enable analysis of 
asset performance to be undertaken. However, as little is generally known about the 
attributes of individual communication pipes, the factors used in the deterioration models 
relate to:

Link to SDS and customer priorities

The results of this section indicate that an increase is required to mains replacement 
rates. This aligns with the objective set out in our SDS of providing “resilient services 
to customers in a changing environment”. Our decision to re-evaluate the evidence for 
investment required to address potential increases in background leakage also aligns 
with our objective to provide “best value for money”, as we have deferred an activity 
that could have increased customer bills in AMP5.

Replacement of mains will help us to meet our targets on interruptions to supply and 
leakage. One of our customer priorities identified during our research was to reduce 
interruptions, and therefore, this investment helps to address that requirement. The 
top priority in our Key Opinion Former survey was for us to reduce leakage, which will 
be partially enabled by this proposal.
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• The attributes of the main to which the communication pipe is attached (mains age was 
used as an estimate of communication pipe age since the actual age of communication
pipes is not known);

• Attributes of the DMA (property density, AZNP, turbidity, water hardness); and

• Environmental factors (soil class was selected, with each soil class representing a group 
of soil types exhibiting similar burst rates).

Table B3.63 below shows the full list of data used in each deterioration model. 

Table B3.63. Data inputs into deterioration models

Model Description Age
Property 
Density

AZNP Turbidity Hardness Soil class

1 Copper Y Y Y Y Y Y

2 GI Y Y Y N Y Y

3 Lead Y Y Y N Y Y

4 Black PE Y Y Y N N Y

5 Blue PE N Y Y N N Y

B3.3.2.1.2 Intervention activity and impact on serviceability

Southern Water has historically replaced communication pipes either as part of a mains 
replacement programme or reactively after bursts. This is shown in Table B3.64.

Table B3.64. Historic communication pipe replacement

June Return 
Data

2003-04 2004-05 2005-06 2006-07 2007-08 Total

Lead comm 
pipes replaced 

– quality
0 0 0 0 0 0

Lead comm 
pipes replaced 
– maintenance 

or other

674 603 770 655 441 3,143

Comm pipes 
replaced –

other
2,633 2,664 2,993 9,137 6,525 23,952

Total 3,307 3,267 3,763 9,792 6,966 27,095

Most replacements were reactive prior to 2006/07 after which up to 60% of replacements 
were planned as part of wider asset replacement programmes.
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B3.3.2.1.3 Cost data for consequences and interventions

Consequence Costs

Consequence costs used in the modelling related only to the costs of repairing the asset.

Communication pipe repairs were generated from data held in the Southern Water Estimating 
Tool (SWET).

Cost of interventions

Cost estimates for replacement of communication pipes were provided as follows:

• Shortside: 

• Longside: 

These were estimated from the average cost of recent communication pipe renewals 
undertaken by Southern Water from information held in SWET and used to derive the Cost 
Base submission.

In the optimisation models a weighted average of longside and shortside costs was used as
the exact numbers of communication pipe types present on each section of main was not 
known.

In deriving the net cost of an intervention, a discount rate of 5.5% has been applied to all 
future costs and savings, including capital and operation costs, social and environmental 
costs and customer Willingness to Pay where applicable. Future costs are calculated for each 
year over the 25-year planning horizon, discounted back to the intervention date, and then 
added to the intervention cost to derive the net cost used in the selection of interventions.

B3.3.2.2 Analysis

B3.3.2.2.1 Historical analysis

A review of historic intervention activity on communication pipes is shown in Table B3.64
above. This has demonstrated that most communication pipe replacements undertaken 
before 2006/07 were reactive. Further analysis indicates that, of the reactive replacements, 
the materials replaced were as shown in Table B3.65 below:

Table B3.65. Materials replaced during reactive communication pipe replacement (2003-
2007)

Material Proportion 5-year total

Lead 21% 3,970

Galvanised 
Iron

27% 4,835

Other 52% 9,629

Total 100% 18,433

Selection of the Planning Objective

The Common Framework cost-effectiveness objective has been selected. This involves 
selecting the capital maintenance and operational interventions which will minimise the total 
discounted cost to Southern Water of maintaining the current service to customers and the 
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environment over each future Review period considered (AMP5 through to AMP9). This 
objective has been selected on the basis that we are proposing to maintain a stable level of 
serviceability on water infrastructure assets and that our customers have not indicated a 
willingness to pay for service improvements in this area and therefore cost-beneficial analysis 
is not appropriate.

B3.3.2.2.2 Forward looking analysis – service and cost forecasting

The communication pipe deterioration models have been combined with the mains 
deterioration models to understand the numbers of communication pipe bursts after mains 
replacement. This has shown that even under the most aggressive mains renewal 
intervention scenario modelled, there will be little significant reduction in communication pipe 
bursts. Therefore, in projecting forward to the AMP5 period, it is reasonable to assume that 
reactive communication pipe replacements will continue at much the same level, regardless 
of the extent of planned initiatives taking place within the same period. 

As a low estimate, it can be assumed that the number of reactive communication pipe 
replacements required will be similar to that of the previous 5 years.

B3.3.2.2.3 Forward looking analysis – intervention analysis

The only intervention considered for communication pipe failure is to replace the pipe. This 
ensures that the maximum performance is provided by the asset after replacement.

Interventions have been assumed to be at the same level as those incurred in previous years, 
based on modelling by Tynemarch that indicated little effect on communication pipe bursts 
when mains replacements were undertaken.

B3.3.2.2.4 Conclusions

Based on the analysis carried out by Southern Water and Tynemarch, an even profile of 
communication pipe replacements is forecast during AMP5 as shown in Table B3.66 below:

Table B3.66. Communication pipe replacements forecast for AMP5

Material AMP5 
yearly 

average

AMP5 total Comparison 
to historic

Cost (£m)

Lead 770 3,850 3,970

Galvanised 
Iron

1,010 5,050 4,835

Other 1,910 9,550 9,629

Total 3,690 18,450 18,433

This demonstrates that the replacement of communication pipes will need to continue at 
historic levels.

Delivery of this element of the programme will be through a re-tendered Multi Services 
framework that will include water and wastewater infrastructure capital delivery. We are 
confident that this will build on our successful delivery of the AMP4 programme using a similar 
approach.
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B3.3.3 Water Infrastructure – Leakage

We set out in section B3.3.1.2.2 how we have included an assessment of forecast 
background leakage deterioration in our mains deterioration model to hold our leakage level 
at the economic level. There are a number of other proactive capital investments that we have 
planned to make via our AMP5 Leakage Strategy which are detailed in this section.

Summary

During the last 15 years we have driven reported leakage down from 161Mld at JR92 to 

83Mld at JR08, and are one of the best long-term performers for leakage management in the 

UK. 

Our JR08 reported leakage of 83Ml/d is significantly below our current short term “Sustainable 

Level of Leakage” of 116.5 Ml/d and long term (25 year target) of 89.5. This reflects both our 

strong past performance and commitment to leakage management and our position as a 

company operating in a designated “Area of Water Stress”. 

We believe that we need to maintain this position throughout the next AMP period as well as 

making additional opportunistic savings through repair of additional supply pipe leaks 

identified through our planned Universal metering Programme. In summary our strategy for 

AMP5 aims to:

• Maintain reported leakage levels at JR08 outturn of 83 Ml/d based on continuation and 

enhancement of existing proven practices together with a  number of new initiatives that 

will further improve our leakage management capability

• Reduce leakage below this “baseline” performance level through repair of additional 

customer supply pipe leaks arising from our planned Universal Metering Programme.  

Based on current projections we estimate that this would reduce leakage to 

approximately 78 Ml/d by the end of AMP5. 

Strategy

In determining our strategy we have carried out a number of inter-related  studies that 

consider leakage within the wider context of our water resources and metering strategies, and 

our overall asset management plans.  These detailed studies include:

• Calculation our “Sustainable Economic Level of Leakage” to include externalities in 
accordance with recent Ofwat guidance (WRc report ref UC7893 06: Southern Water 
Sustainable Economic Level Of Leakage Analysis 2007-2008

Link to SDS and customer priorities

This section demonstrates that we will maintain our current level of communication 
pipe replacement, in line with our SDS objective of providing “best value for money” to 
customers.

Although we have demonstrated that communication pipe replacement does not have 
a large impact on leakage, the work is required to maintain our current leakage levels. 
Leakage is an important service area for our Key Opinion Formers who indicated this 
as their top priority for our attention.
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• Modelling to assess the effect of asset deterioration and our mains renewal plans on 

background leakage levels by Tynemarch as set out in B3.3.1.2.2 above

• Estimation of potential additional leakage savings arsing from the location and repair of 

additional supply pipe leaks identified through our planned Universal Metering 

Programme (Atkins report ref 5060996/62/DG009: Review of Supply Pipe Repairs and 

Replacement for AMP5 and AMP6). This work includes detailed modelling by Tynemarch 

who are industry experts in this field and are working on the current UKWIR Supply Pipes 

Project.

• AMP5 Leakage Study to determine our optimal leakage strategy for AMP5 (Atkins report 

ref 5060996/62/DG/010: SWS AMP 5 Leakage Strategy). 

Our full plans are included in the Atkins reports listed above, and summarised in the following 
section.

Leakage Management

Our proven approach to leakage management is structured around our three component 
Asset Owner/Manager/Operator model.  It consists of a combined team of Southern Water 
personnel and specialist external consultants and contractors working closely together to 
achieve overall objectives and targets. Progress is monitored and directed through a monthly 
Leakage Steering Group (LSG) of key stakeholders.  

A detailed operational leakage report is produced and reviewed on a monthly basis by LSG. 

This report is a central part of Southern Water’s approach to leakage management and 

provides a range of key performance monitoring information including:

• Leakage levels by County and Region.

• Progress against leakage levels and target profiles.

• Leak detection and repair performance.

• DMA status information.

• Reservoir and trunk mains surveys progress.

The nature of the SWS reporting system allows that further reports can be run to investigate 

specific areas or items, for example activity in a particular DMA or the progress for a particular 

type of repair.  This level of functionally in the reporting system, combined with the regular 

review of the operational leakage data within the monthly LSG, ensures that:

• The performance of all the stakeholders to be easily monitored.

• That the appropriate level of active leakage control detection effort is being completed 

within each resource zone.

• Any required corrective actions are quickly taken.

• Collective focus on meeting the Operational Leakage Target is routinely reinforced.

Reducing leakage and maintaining low levels of leakage is concerned with more than just 
locating and repairing leaks, there are several other key facets to the work:

• Active Leakage Control
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• The Leakage Cycle

• Speed of Repair

• Continuous Night Flow Monitoring

• Pressure Management

• Asset Maintenance & Renewal

• Data Management & Reporting

These aspects of Leakage Management underpin the strategy, and can be summarised as 

follows:

• To maintain or improve the speed of data collection and processing from the leakage 

management asset base (primarily district and logged customer meters, pressure 

management systems).

• To optimise the leakage management asset base to yield the greatest possible savings in 

leakage and most efficient use of leak detection resources.

• To further improve the data quality, commensurate with the regulator’s requirements and 

cost benefit to the Company.

• To maintain or improve the speed with which repairs are carried out.

• To maintain active leakage detection effort at sufficient levels to meet target leakage level 

and counter the natural rate of rise.

Selection of the Planning Objective

We believe it appropriate to maintain our leakage at the sustainable economic level and have 
therefore selected this as the cost-effective planning objective.

The following sections detail specific capital interventions planned for AMP5 to meet our 
Leakage Strategy Objectives:

B3.3.3.1 Targeted Increased Trunk Main Monitoring

Trunk main leakage is currently estimated based on the number of trunk main repairs carried 
out (identified through trunk main surveys) and an estimate of losses associated with each 
mode of pipeline failure or each type of fitting.

Throughout AMP5, in accordance with the findings of the UKWIR Report Ref. WM-08 
(Leakage in Trunk Mains and Service Reservoirs, October 2008), Southern Water plan to 
introduce a refinement to the current methodology and complete a pilot of increased direct 
measurement as follows:

• Maintain current strategy, including trunk main surveys and targeted temporary / 
permanent acoustic logging.

• Develop a set of company-specific trunk main leakage values to improve the accuracy of 
the current methodology.

• Implement a pilot of complete direct flow measurement within the following three resource 
zones;

- Isle of Wight
- Kingsclere
- Thanet
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Direct flow measurement requires the measurement of both the flow into the trunk mains 
network (i.e. distribution input, inflow / outflow of reservoirs) and the outflow into the 
distribution network (i.e. into DMAs, customer use).

It has been estimated that the installation of 30 new flow meters will be required to directly 
measure all trunk mains within the three resource zones and the associated costs have been 
included within the overall AMP5 leakage budget. Due to the nature of trunk mains, this will 
include many large flow meters and a number of complicated and / or difficult installations.

For the purpose of cost/benefit analysis it has been assumed that the direct measurement will 
not provide a significant reduction in reported trunk main leakage. However, it will provide a 
means to calculate flow balances to determine trunk mains leakage and improve overall 
understanding of leakage within trunk mains. In addition, it should also aid the identification of 
locations where other / new leak detection methods could be employed and enable leakage in 
some trunk mains to be managed on an entry/exit level basis.

B3.3.3.2 Large DMA Subdivision / Existing DMA Improvement

During AMP4, Southern Water has concentrated its efforts in subdividing existing DMAs that 
consist of more than 4000 properties into smaller DMAs. This DMA subdivision not only 
provides a  reduction in leakage, but also reduces the man hours required to survey each 
DMA (i.e. the  leakage cycle is reduced), and improves localised flow monitoring. In addition, 
the current methodology used as part of the re-design process includes a DMA audit that 
confirms that the new DMA and their neighbours are set-up and reporting correctly; this 
further improves leakage monitoring and control.

During AMP5, further DMAs will be investigated and re-designed where possible into smaller 
and/or more functional DMAs. Categories to be used to identify suitable DMAs for 
investigation will include DMAs that:

• Comprise more than 3900 properties.

• Require a disproportionate amount of leak detection effort to maintain leakage (>50hrs 
ALC).

• Comprise a large number of meters (> 8 meter function).

• Other problematic DMA e.g. those with poor meter balances.

At the start of AMP5 it has been estimated that there will be 40 DMAs that fall within one or 
more of the above categories. It is therefore proposed that 8 DMAs will be investigated per 
year in AMP5.

B3.3.3.3 New PMA / PMA Optimisation

It is proposed to continue the target of 3 new Pressure Managed Areas (PMAs) being 
implemented each year. In addition, the optimisation of existing PMA will be completed 
whereby existing Pressure Reducing Valves (PRVs) will have their control method optimised 
to maximise the leakage savings. This will include the reduction of Critical Point target 
pressure, amendments to the control profile and / or the introduction of flow modulation.

Optimisation will occur as part of targeted investigations or as part of the PMA audit activities.

B3.3.3.4 Rationalisation of Supply and Distribution Systems

As part of the development of the PR09 FBP, a high level scoping study was completed that 
identified areas within the Southern Water network where there is the potential to separate 
the supply and distribution networks. Many of the identified schemes require the installation of 
new trunk mains.
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As a result, the high estimated capital cost outweighed the leakage reduction benefit 
compared with other leakage interventions. However, two small rezones and two areas where 
a further Network Evaluation Study would be beneficial have been included within this 
strategy.

The proposed Network Evaluation Studies will review the operation of the targeted network 
and carry out network changes and operational initiatives to separate the supply and 
distribution system and / or manage pressure variations and total heads through pressure 
management. The Winchester Network Evaluation Study, completed in 2005, was a similar 
investigation as that proposed here and looked at the potential to improve the existing 
distribution network pressures.

This investigation identified an estimated leakage saving of 0.17Mld for a capital expenditure 
of approximately  Results from the Winchester study have been used when 
determining the cost and benefit for this initiative.

B3.3.3.5 Selection of the Planning Objective

The Common Framework cost-effectiveness objective has been selected. This involves 
selecting the capital maintenance and operational interventions which will minimise the total 
discounted cost to Southern Water of maintaining the current service to customers and the 
environment over each future Review period considered (AMP5 through to AMP9). This 
objective has been selected on the basis that we are proposing to maintain a stable level of 
serviceability in relation to leakage and that our customers have not indicated a willingness to 
pay for service improvements in this area and therefore cost-beneficial analysis is not 
appropriate.

B3.3.3.6 Conclusions

The Interventions outlined in this section are those identified within our Leakage Strategy as 
being critical to continuing our excellent leakage record.

Delivery of this element of the programme will be through a re-tendered Multi Services 
framework that will include water and wastewater infrastructure capital delivery. We are 
confident that this will build on our successful delivery of the AMP4 programme using a similar 
approach.

B3.3.4 Management of DG2

In reviewing the programme for proposed investment to address properties on the DG2 
Register, we have taken due recognition of customer priority in this area. Our WtP research 
indicated that customers saw investment to reduce the number of properties suffering poor 
pressure as a low priority, with this in mind and the expectation of Ofwat for no deterioration in 

Link to SDS and customer priorities

We have outlined in this section the capital investments we will make to deliver our 
leakage strategy, above mains and communication pipe replacement. Our Leakage 
Strategy is one element of work that allows us to meet our SDS objective of providing 
“resilient services to customers in a changing environment”.

Leakage is an important service area for our Key Opinion Formers who indicated this 
as their top priority for our attention. Feedback on our Water Resources Management 
Plan also indicates that management of leakage is a high priority for many customers.
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AMP5, we have identified proposed investment to allow the DG2 Register to remain stable 
over the 5 year period.  

Table B3.67 below shows analysis of historic data over the last 6 years that indicates an 
average of 401 properties are added to the Register each year.

Table B3.67. Historic DG2 performance

Year 02/03 03/04 04/05 05/06 06/07 07/08 Ave.

Properties below DG2 ref. level at start of 
year

643 548 537 502 898 427 593

Additions during period :-

-due to better information  (pressure 
monitoring)

20 0 0 0 3 17 7

- due to better information (other) 1 5 31 28 4 0 12

- due to asset deterioration 198 564 42 161 0 54 170

- due to operational changes 12 0 420 747 41 58 213

Total 231 569 493 936 48 129 401

The trend in DG2 performance is shown graphically in Figure B3.68 below.
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Our analysis indicates that on average, 401 properties are added to the DG2 register each 
year and 444 are removed. By reviewing our historical capital maintenance expenditure on 
specific projects to resolve DG2 issues, we have derived a cost of  per property to 
resolve DG2.

Based on 401 properties per year requiring resolution during AMP5, we have included a 
figure of  in our AMP5 programme for DG2 projects.

This work aligns with our customer priority to resolve low water pressure which was 
highlighted during our consultation process.

B3.3.5 Water Infrastructure – Summary

Table B3.69 summarises the AMP5 expenditure outlined in the above sections.

Table B3.69. AMP5 Capex expenditure for water infrastructure assets

AMP5 Capex 
(£m)

Maintaining Serviceability

Leakage control 

Reactive comm. pipe replacement 

Maintaining DG2 performance

Water main diversions

Total

“Maintaining Serviceability” relates to planned renewal of water mains and communication 
pipes. Leakage control and reactive communication pipe replacement were outlined in the 
sections above. We have included a small amount to maintain our current DG2 performance 
during AMP5.

An allowance has also been made for the capital maintenance element of mains diversions, 
based on our historical experience of this cost.

Sensitivity Analysis

We have undertaken a sensitivity analysis to understand how the optimisation changes with 
changes to the input data we provided. 

Table B3.70 shows that the largest variation occurs with a change of -20 years to 50% of the 
pipe stock. This is because many relatively new PE pipes have their age reduced to 0, 1 or 2 
years, during which period the burst rate of PE is reducing as a result of the recognised ‘burn-
in’ characteristics for this material. This leads to a reduction in the renewal required to 
maintain serviceability. In practice the installation dates of these recently installed pipes is 
known with a high degree of certainty, and an error of this magnitude is very unlikely.
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Table B3.70. Water Infrastructure sensitivity analysis

Scenario 
ID Description

Change 
in input

Change 
in length

Change in 
total cost

Change in 
Comm Pipe 

Numbers

1a
Increase the age of a random 

10% of pipes
+10 

years
0.5% -0.7% -2.2%

1b
Decrease the age of a random 

10% of pipes
-10 

years
-3.4% -3.8% -3.4%

2a
Increase age of a random 50% 

of pipes
+20 

years
6.0% 4.8% 7.1%

2b Decrease age of 50% of pipes
-20 

years
-27.3% -27.2% -41.5%

3a
Increase the failure/consequence 

costs (e.g. burst repair cost)
+10% -0.2% < 0.1% -0.3%

3b
Decrease the 

failure/consequence costs (e.g. 
burst repair cost)

-10% -0.1% < 0.1% < 0.1%

4a
Increase the Unit Cost for 

renewal under the ‘Rural’ surface 
type

+10% -1.5% 1.9% 3.9%

4b
Decrease the Unit Cost for 

renewal under the ‘Rural’ surface
-10% 0.7% -3.3% -4.1%

5
Select interventions at pipe 
rather than pipe-group level

0 -1.9% -18.7% -46.2%

6a

Increase age deterioration 
parameters to make total age 
function at 100 years change 

approx. +10%.

3.9% 4.5% 7.5%

6b

Decrease age deterioration 
parameters to make total age 
function at 100 years change 

approx. -10%.

-4.9% -6.1% -7.0%

It should be noted that this was an extreme value sensitivity analysis in which significant 
changes in a single direction were applied to many pipes. In practice, any errors in input data 
to the model are likely to be spread in either direction of the values used in this modelling, 
leading to a much less significant impact on results. 

Given the above, it can be seen that for all but the most extreme changes to the input 
parameters, the change in the total capital cost of interventions is relatively small.
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B3.3.6 Water Non-Infrastructure – Water Supply Works

Southern Water currently operates a total of 102 water supply works providing potable water 
to more than one million households across Hampshire, Sussex, Kent and the Isle of Wight.

This section describes the process undertaken to complete a forward-looking risk-based 
analysis for Water Supply Works based on the principles of the Common Framework. The 
approach taken was equivalent to that used for Water Booster Stations and Service 
Reservoirs.

B3.3.6.1 Data

The principal asset observations informing the FMECA analysis were collected from a number 
of sources. These are listed below in Table B3.71 below.

Table B3.71. Data Sources for Asset Observations

Source Asset Observations

Works Process Flow Diagrams Configurations, capacities, unit counts

Site Surveys Installation dates, condition grades

Ellipse asset inventory Installation dates, unit counts, capacities

Pump manufacturers Installation dates

Southern Water staff Configurations, capacities, unit counts

The data used within the water non-infrastructure modelling is as follows:

Ellipse – this is the asset register for non-infrastructure assets containing details relating to 
the asset e.g. capacity, kW rating, installation date. Additionally Ellipse is also the 
maintenance management system and is used for the issuing of routine maintenance tasks 
and recording the details of reactive maintenance. 

All assets in Ellipse are assigned to one of five hierarchy levels which in descending 
order are Site, Function, Process, Equipment Set and Component. For work orders to 
be correctly linked to a failure mode they must be attached at either Equipment Set or 
Component level. Monitoring has improved significantly since PR04 and more details 
are given in section B3.6.3.2.

Where data gaps exist within Ellipse, these were filled where possible from a variety of 
sources. For example, installation dates were acquired from individual manufacturers 
for a total of over 4000 pumps to enhance the asset data available for modelling.  

Site inspections of 93 water supply works have been carried out within the last 18 months. 

Information gathered from site drawings and plans.

Works process flow diagrams – data on configurations, capacities and process units;

Additional data has been derived based upon expert judgement. A number of ‘expert panels 
considered:

• Failure modes;

• Duration of failures;

• Serviceability consequence of failure; and

• Cost consequences of failure.
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The expert panels were convened from across the business utilising the knowledge and 
experience of employees from the operational and asset teams. The make up of each panel 
was specific to the asset type under review. 

Expert panel judgement was used after earlier analysis suggested that the Ellipse data from 
Ellipse were yet not sufficiently comprehensive to construct a robust deterioration model. 
Between the DBP and FBP we further challenged the expert panel process and tested 
decisions against Ellipse data that was sufficiently robust to be used for validation.

The review was carried out using a systematic approach that focussed the debate and 
enabled meaningful results to be obtained. Several of the expert panels were witnessed by 
the Reporter.

B3.3.6.2 Analysis

B3.3.6.2.1 Historical analysis

Historical serviceability and expenditure

Historical serviceability and expenditure are shown in the Figure below.
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Figure B3.72 – Serviceability of water treatment works, service reservoirs and boosters with 
Capex expenditure on water MNI (Source: 2007/08 June Return) (Note – scale for 
serviceability measures is ratio of average to actuals)

The Figure below B3.73 shows the data for coliform compliance at water supply works more 
clearly. We take the view that increased expenditure is required in this area to address 
potential decreasing serviceability in the future.
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Figure B3.73. Coliform compliance at water supply works

Table B3.74. Linkage of serviceability indicator failures with treatment failures at water supply 
works

Year AMP Supply related DWi 
incidents
(WSW’s and Reservoirs)

Coliform 
breaches at 
WSW’s

Incident related to 
failure of treatment

1995 0 9

1996 0 5

1997 0 9

1998 1 3

1999

AMP2

2 2

2000 1 5 0

2001 3 2 0

2002 6 4 4

2003 3 7 1

2004

AMP3

4 15 3

2005 6 4 1

2006 AMP4 6 13 5
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Year AMP Supply related DWi 
incidents
(WSW’s and Reservoirs)

Coliform 
breaches at 
WSW’s

Incident related to 
failure of treatment

2007 6 12 6

2008 8 11 7

From the Table above, it can be seen that failures against the coliform standard or reportable 
incidents are often not related to known asset failures at water supply works. However, we 
are aware of a deteriorating trend overall that requires intervention through increased 
expenditure above the historical level at water supply works. Note that our PR09 analysis 
leads us to a conclusion that is different to that previously notified to OFWAT that indicated 
that coliform failures at water supply works were not related to asset performance or levels of 
capital maintenance expenditure.

B3.3.6.2.2 Forward looking analysis – service and cost forecasting

The selected approach to risk analysis for Sewerage Non-Infrastructure assets was an 
advanced application of   Failure Modes Effects and Criticality Analysis (FMECA) which builds 
upon the approach adopted successfully at PR04 for wastewater treatment works. 

The approach is categorised as “Service modelling with repairable and non-repairable failure 
modes” using the categorisation approach provided by the UKWIR Common Framework 
Review

4
. This category of analytical approach is amongst those assessed as being Most 

Successful at PR04 from the viewpoint of Ofwat, the companies and the project contractors.

The inputs to the analysis include:

• The probability of failure of an asset and its increase over time due to deterioration

• The probability of different severities of consequences arising where the consequences 
are expressed in terms of customer service/environmental impact (e.g. water quality 
failure) or asset performance measures (e.g. loss of production capacity).

• The duration of the consequences of an asset failure are captured as a trapezoidal 
distribution

• The cost consequences of asset failure

Other inputs include the full attribution of the asset such as installation date, configuration 
(parallel units), etc. as described below. 

The output of the risk analysis is:

• a forecast over the planning horizon of the expected number of incidents of 
consequences at each level of severity (e.g. EA Pollution incident category 1, 2 or 3) with 
and without proactive capital maintenance (i.e. pre and post intervention risk)

• the most cost-beneficial set of interventions and their costs required to prevent any 
deterioration in serviceability to customers and the environment as determined by the use 
of a formal optimisation process 

The risk status for each site can be assessed by aggregating the expected numbers of 
incidents into risk scores for each serviceability measure considered so that sites such as 

  
4 UKWIR, Capital Maintenance Planning Common Framework: Review of Current Practice, Ref: 05/RG/05/14, ISBN: 
1 84057 395 3, 2005
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those with an increasing risk of water quality failure (as expressed by the forecast numbers of 
non-compliant samples for example) can be ranked and considered for intervention.  

Selection of the planning objective

The Common Framework cost-effectiveness planning objective has been applied. This 
involves selecting the capital maintenance and operation interventions which will minimise the 
total discounted cost to Southern Water of maintaining the current service to customers and 
the environment over each future review period considered (AMP5 through to AMP9). This 
objective has been selected on the basis that we are proposing to maintain a stable level of 
serviceability on water non-infrastructure assets and that our customers have not indicated 
that improvements in this area are a priority. 

Identification of failure modes

Failure modes have been classified into one of three types:

• Repairable – failures where the asset can be repaired to an operational state, for 
example, failure of a dosing pump;

• Non-repairable – failures where the asset cannot be or is generally not repaired, for 
example, the failure of a pH instrument; and

• Deterioration to more expensive intervention state (DTMEIS) – events where if no action 
is taken an asset will deteriorate to a stage where a higher level of expenditure will be 
required to restore it to ‘as new’ condition. For example, refurbishing a settlement tank 
once minor cracking is observed will be less costly than intervening once major cracking 
and leaks occur.

Draft failure modes were prepared for each facility type. In identifying failure modes it is 
important to focus attention on the principal assets and their performance, service and cost 
impacts.

Expert Panel meetings were convened between June and November 2007 in order to review 
the draft failure modes and make judgements relating to the duration, cost and consequences 
of each. In each case the panels consisted of a number of experienced Southern Water 
operational staff and were facilitated by an external consultant. These Expert Panel meetings 
were reconvened between the DBP and FBP submissions to review their original judgements 
where these were identified by sensitivity analysis as having significant influence on the DBP 
results. These panels were attended by a broad range of Southern Water staff and some 
were observed by our Reporter, HMS.

The output from the expert panels developed the failure modes shown in the table below.

Table B3.75. Number of failure modes in water supply works generic groups

Generic Group Failure Modes

WSW – Disinfection only 316

WSW – GAC 326

WSW – RGSF 329

WSW – RGSF & GAC 339

WSW – Pressure filtration 328

WSW – RGSF & pressure filtration 341
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The analysis covers water supply works owned and maintained by the company. Each of the 
facility types contains more closely specified generic groups which reflect the differing 
configurations available in each case. The generic groups applied to water supply sites are 
listed in the Table above.

In turn each of these generic groups contains several ‘unit processes’ which cover the various 
functions undertaken at each site. For example Matts Hill WSW contains the following unit 
processes:

• Borehole;

• Carrier water system;

• Chlorination;

• Control services;

• Electrical services;

• Interstage pumping;

• Phosphate dosing

• Standby Generation; and

• UV disinfection

Where asset data indicate that a unit process within a generic group is not present on a 
particular site, the failure modes associated with this unit process are excluded from the 
model.

Each unit process contains the assets that perform the indicated function. For example the 
following assets can exist in the phosphate dosing process identified above:

• Control System;

• Dosing meter;

• Level sensor;

• Bulk storage tank;

• Phosphate dosing pipework;

• Storage tank bund; and

• Phosphate dosing pump.

The following serviceability indicators were identified as being important for non-infrastructure 
water assets:

• Coliforms & Plate Counts;

• Cryptosporidium;

• Discoloration;

• Chlorinous taste and odour;

• Non-chlorinous taste and odour;

• Water quality (other determinands);

• Discharge compliance;

• Throughput;
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• Pressure;

• Pollution; and

• Health & Safety.

For each of these indicators, a set of consequence severity definitions was developed and 
agreed, using up to five severity levels ranging from ‘Very Low’ to ‘Very High’ with each 
consequence being defined as far as possible in terms of real measurable events. Each 
severity level was scored to indicate its relative severity, with the highest level being allocated 
a score of 10. For example, for Coliforms & Plate Counts the severity levels were defined as 
shown in the table below. In this case the Low and Very Low severity levels were not used.  

Table B3.76. Severity Levels defined for Coliform & Plate Counts service area

Serviceability Indicator Failure 
Level

Failure Description Failure Severity 
Score

Coliforms + Plate Counts V High E coli failure 10

High Total coliform failure 9

Medium Colony plate count > 100/ml 1

Low

V Low

Probability of Failure

For each failure mode, failure ‘probabilities’ were estimated initially by an Expert Panel 
comprised of Operational and Asset Management staff within Southern Water. Three types of 
failure probability were derived:

• For repairable failure modes as either failure rates (expected numbers of failures per 
year) or Mean Time Between Failure (MTBF);

• For non-repairable failure modes as either survival probabilities (probability of survival to 
a given date), or conditional probabilities of failure (probability of failure in year N given 
survival to the start of year N).

In all cases the Expert Panel was asked to estimate failure rates in the presence of routine 
operational maintenance of the asset, assuming repairable failure modes are repaired 
according to normal Company practice.

The Expert Panel estimates were then validated using data from Ellipse or checked for 
reasonableness by peer review.

When applying failure probabilities, the analysis takes into account the effect of configuration 
(i.e. number of units in parallel) on the overall reliability of the process stage.

For failure modes associated with the deterioration of an asset to a more expensive 
intervention state (DTMEIS) the transition probabilities between condition states were 
calibrated against condition survey data.

Service consequence of failure

The service consequences expected to result from each failure mode were assessed by the 
Expert Panels against the consequence severity scales for each service area, as described 
above.
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Where appropriate a ‘tolerable loss’ factor was defined to represent the proportion of parallel 
unit capacity which would need to fail in order for a service impact to arise.

In order to reflect uncertainties regarding the consequence severity that would result from a 
failure mode, a percentage probability was specified for each possible severity level. Where 
these probabilities summed to less than 100%, the remainder represented the probability that 
no service consequence would result, given that the asset failure has occurred.

Selected consequences for the DAF pipework and valve failure mode at a WSW are given in 
Table B3.77 below.

Table B3.77. Selected consequences of ‘Failure of DAF pipework or valves’

Impact Coli Crypto Discol Chlorino Non Chl WQ Oth Through

V High 0 0.1 0 0 0 0 1

High 0 5 0 0 0 0 5

Medium 0 10 0 0 0 0 25

Low 0 15 0 0 0 0 40

V Low 0 0 0 0 0 0 0

Null 100 69.9 100 100 100 100 29

The Expert Panel judgements made for the loss of throughput consequence were converted 
into an indicator measuring interruptions to customer supply by means of MISER analysis of 
system connectivity, as described under System Analysis below.

The probability and consequence models were used to forecast the expected number of 
service failures in each service area and severity level across the next five Review periods. 
The expected number of service failures was calculated taking account of the number of 
parallel units present in each unit process, and the number of these units which could fail 
without causing a service consequence. The latter was specified either via the number of duty 
and standby units present, or as a ‘tolerable loss’ percentage determined by the Expert Panel 
as described above.

The expected numbers of service failures were aggregated for each service area by 
multiplying by the severity scores and summing. The resulting risk score is shown as the blue 
line in Figure B3.78 below.
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Figure B3.78. Forecast of risk under differing maintenance strategies (for pollution service 
area at WSWs)

System Analysis

In order to fully understand the impact of failure of non-infrastructure assets and strategic 
trunk mains, we developed a MISER model. This was based on the existing pump scheduling 
model already in use within Southern Water. MISER is a connectivity model that shows 
network linkages and stores information regarding hydraulic constraints. MISER uses 
optimisation to identify the best operational response to a failure in order to minimise supply 
interruptions. This has allowed us to assess the system impact of WSW or WBS failure and 
whether it can be mitigated by network connectivity.

MISER results are expressed as the number of customers experiencing an interruption to 
supply for each failure event and duration band.

This provides a means by which we can translate events at site level to an impact on 
serviceability to our customers, or indeed consider if a site event will actually impact on 
customers. 

Consequence Costs

The cost consequences of failure were estimated by Southern Water Expert Panel members. 
These included repair, clean up and any other costs associated with the failure (including man 
time, parts and consumables). This is required as our financial systems do not currently 
allocate costs to component level.

Where judged significant the following costs were also included, proportional to the duration 
of the failure consequence:

• Weekly costs associated with the failure, for example to cover the hire of temporary 
equipment.
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In order to reflect the variability of failure costs, minimum and maximum costs were estimated, 
together with a most likely range. These figures were used to define a cost distribution for use 
in the optimisation calculations.

When selecting optimal interventions (as described below), reductions in the future cost 
consequences of failure are included when calculating the net discounted cost of the 
intervention.

Validation

Between Draft and Final Business Plan the Expert Panel failure rate judgements were 
validated for some of the more commonly occurring failure modes using the work order data 
stored in Ellipse.

The Figure below shows the average number of work orders in Ellipse against the age of 
assets, and compares this with the failure rate obtained from the expert panel for this failure 
mode. It can be seen that the expert panel judgement and the work order data are in 
reasonable alignment.
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Figure B3.79. Expert panel failure rate judgment and failure rate derived from Ellipse work 
orders, for chlorine injectors

As a complement to the above validation at the detailed level, we have validated failure rate 
judgements at the water supply works level as follows, also using data from Ellipse. We did 
this by calculating the proportion of asset failures occurring at each water supply works both
from the forward-looking analysis models and from recent data stored within Ellipse. The 
comparison between these modelled and observed asset performance data is shown in the 
Figure below. It can be seen that there is reasonable agreement between the two datasets.
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Figure B3.80. Validation of Expert Judgement failure data with data from Ellipse.

Forecast service

The probability and consequence models were used to forecast the expected number of 
service failures in each service area and severity level, across the next five Review periods. 
The expected number of service failures was calculated taking account of the number of 
parallel units present in each unit process, and the number of these units which could fail 
without causing a service consequence. The latter was specified either via the number of duty 
and standby units present, or as a ‘tolerable loss’ percentage determined by the Expert Panel 
as described above.

The expected numbers of service failures were aggregated for each service area by 
multiplying by the severity scores and summing. An example of the resulting risk score is 
shown in the Figure below for the Pollution serviceability indicator.
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Forecast of serviceability risk score for pollution due to Water Supply Works.

B3.3.6.2.3 Forward looking analysis – intervention analysis

Intervention Options

Unit processes were split into a number of components for the purposes of considering 
interventions.

For example, the components of the rapid gravity sand filter process are:

• Air blowers / air scour compressor;

• Air scour (or surface wash) pipework;

• Air scour nozzles;

• Backwash control system;

• Backwash pipework and valves;

• Backwash pumps;

• Clean backwash water holding tank;

• Dirty backwash water holding tank;

• Filter inlet / outlet pipework and valves;

• Filter media;

• Filter structure and filter floor; and

• Inlet flow control system including panel, valves and floats. 
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The intervention options considered comprised replacement and/or refurbishment of each 
component. The choice between replacement and refurbishment was guided by Expert Panel 
judgements. Both options were considered for long-life assets where maintenance is 
motivated by concern to avoid deterioration to a more expensive intervention state (DTMEIS). 

Each intervention option was considered for each year of the next five Review periods.

Impact of interventions

The impact of each intervention option on service was quantified as an impact on the risk 
score for each service area and future year.

This was calculated from the improvement in the expected number of consequence events 
which would be achieved by replacing or refurbishing the asset, taking account of the number 
of parallel units present in each unit process and any standby capacity or ‘tolerable loss’. This 
ensured that duty/standby arrangements were considered.

It was assumed that both replacement and refurbishment would return the asset to equivalent 
to ‘as new’ condition. (It is accepted that this is not always the case in practice since in many 
cases refurbishment will not return the asset to ‘as new’. This assumption would therefore 
tend to underestimate capital maintenance requirements.)

Intervention Costs

Faithful & Gould developed cost equations for all non-infrastructure assets considered within 
the forward-looking analysis.

The cost equations were prepared using our own cost data recorded during the delivery of the 
AMP 4 Programme. The work breakdown structure used is based on our estimating tool 
(SWET), which has been developed to match the main water and wastewater treatment 
processes.

Where necessary gaps in our own cost data have been filled using industry cost data 
analysed by Faithful & Gould. Benchmarking has been undertaken to confirm the accuracy of 
the non-Southern Water cost data using newly available data from our SWET database. 

The approach used for costing refurbishment interventions was to apply a proportion of the 
replacement cost, with the proportion varying with asset condition. The proportions used were 
estimated by Faithful & Gould based on their experience of costing refurbishment schemes.

In deriving the net cost of an intervention, a discount rate of 5.5% has been applied to all 
future costs and savings, including capital and operation costs, social and environmental 
costs and customer Willingness to Pay where applicable. Future costs are calculated for each 
year over the 25-year planning horizon, discounted back to the intervention date, and then 
added to the intervention cost to derive the net cost used in the selection of interventions.

For each intervention the changes in operational costs associated with undertaking the 
intervention are calculated for each future year. The cost changes comprise the savings due 
to cost consequences of failure that will no longer be incurred as a result of the intervention.

Selection of optimal interventions

The optimal interventions were selected using intervention selection software that takes into 
account both the risk of asset failure as expressed by forecast of expected serviceability to 
customers and the environment, as well as the economics to ensure the ‘economic level of 
capital maintenance’ is determined.

The selection process is as follows:

• Interventions are identified which should be undertaken on economic grounds, when the 
discounted failure costs that would be averted by the intervention are sufficient to justify 
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the intervention costs. For DTMEIS failure modes, the optimal economic replacement 
lifetime for the asset was calculated and used to perform interventions at that specified 
interval;

• Service level is re-forecast following these interventions; and

• Further interventions are selected, or economic interventions are brought forward in time, 
so that service is maintained at minimum total (whole-life) cost. This is undertaken in 
practice by ensuring that the risk measure or score for each service area does not 
increase from its 2010 level. 

Separate optimisations were undertaken for each facility type.

Interdependencies between the intervention options have been taken into account in the 
optimisation as follows:

• No intervention can be selected more than once within a 1-year period.

• An asset cannot be subject to both replacement and refurbishment within a 1-year period.

• The benefits of an intervention option are recalculated in each intervention period to take 
account of interventions that have been undertaken on the asset in previous periods.

• There are no relevant cost interdependencies.

B3.3.6.2.4 Conclusions

Table B3.81 below summarises the results of the analysis in terms of expenditure on the 
replacement and refurbishment of assets.

Table B3.81. Capital Maintenance requirements estimated by FMECA analysis in £m

Facility type AMP5 AMP6 AMP7 AMP8 AMP9

WSW (repair & refurbish)

WSW (replacement)

Total

Table B3.82. Interventions identified for Bowcombe WSW during AMP5

Unit process Asset Intervention Cost (£k)

Borehole Pipework and valves Replace

Borehole Control and instrumentation Replace

Borehole Screen Replace

Carrier water system Control system Replace

Carrier water system Pipework and valves Replace

Carrier water system Pump Replace

Carrier water system Softener Replace
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Unit process Asset Intervention Cost (£k)

Chlorination Chlorine injector Replace

Control services Control system Replace

Electrical services HV transformer Replace

UV disinfection Ballast Replace

The peak of expenditure forecast for AMP5 results from the selection of interventions that are 
overdue for implementation on economic grounds at the start of the AMP5 period. The 
increase in expenditure reflects the trend towards deterioration of our assets as discussed,
specifically for coliform compliance at treatment works. 

Figure B3.83 shows the total costs of repairs, replacements and refurbishments at WSWs 
over the next five AMP periods. This includes smaller repairs which could be classified as 
operational costs.

Figure B3.83 – Total costs of repairs, replacements and refurbishments at WSWs

It can be seen that a purely reactive approach to maintenance will lead to increasing costs as 
failure rates increase. 

Following a peak of overdue interventions selected in 2010, expenditure requirements drop to 
a relatively low level, before gradually increasing as the asset service levels affected by the 
2010 interventions deteriorate.

Figure B3.84 shows the costs of replacement and refurbishment alone. A small amount of 
reactive replacement is required for assets which have non-repairable failure modes.
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Figure B3.84 – Costs of replacement and refurbishment at WSWs 

Note that although the graph above indicates less costs result from taking a reactive 
maintenance approach, these costs exclude structural interventions and therefore is not a 
direct comparison with the stable risk strategy.

Sensitivity analysis has been undertaken on the results of the water supply works analysis, by 
considering the effect of varying installation years by + 1 year for bassets installed later than 
1989 and +.5 years for all other assets by varying all other imput parameters by + 20%. The 
effect of this analysis is shown in Table B3.85 below:

Table B3.85. Sensitivity Analysis results for water supply works model

Change Extent
Resulting % change 

in AMP5 CAPEX

20% decrease -12.4
Failure rates and 

survival probabilities
20% increase 10.3

20% decrease 0.5
Repair durations

20% increase 0.0

Effects durations 20% decrease 0.0
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Change Extent
Resulting % change 

in AMP5 CAPEX

20% increase 0.0

20% decrease 0.0
Consequence 
probabilities

20% increase 0.0

5 years earlier pre-1989; 
1 year earlier post-1989

10.1

Installation dates
5 years later pre-1989;

1 year later post-1989
-14.6

5 years earlier pre-1989; 
1 year earlier post-1989

0.0

Last refurbishment 
dates 5 years later pre-1989;

1 year later post-1989
0.0

20% decrease -12.3
Replacement costs

20% increase 11.2

20% decrease 0.0
Refurbishment costs

20% increase 0.0

20% decrease -9.1
Repair costs

20% increase 7.8

It can be seen from this analysis that the optimisation is most sensitive to changes in 
installation dates, failure rates and replacement costs. These are all areas in which we have 
undertaken improvements and validation of data to minimise uncertainties. For example, we 
have surveyed a number of assets to validate installation dates. We have used expert 
judgement to derive failure rates and validated this against Ellipse data where possible. Our 
cost data has been generated from our historic costs and reviewed by specialist cost 
consultants. We have therefore acted to minimise any uncertainty that may be caused by the 
optimisation models.

Delivery

Delivery of this element of work will be undertaken as a balance through our innovative Single 
Entity Contract (SEC) with 4Delivery which was put in place at the beginning of AMP4 and our 
re-tentered multi utility service provider contract.  Allocation of work will be according to 
principles of best value with appropriate benchmarking and testing. Our excellent 
performance in the delivery of the Capital Programme for AMP4 clearly demonstrated the 
success of this strategy.  Provision was made in the contract to extend it for AMP5 and 
discussions are well advanced with 4Delivery to do this.  Accordingly the contract will 
continue to underpin our delivery strategy for this element of the Capital Programme.
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B3.3.6.3 Summary – Water Supply Works

Capital maintenance requirements for non-infrastructure assets have been estimated using a 
forward-looking risk-based approach that is consistent with Common Framework guidance. 

The table below summarises capital expenditure in AMP3 and 4 and that forecast for AMP5 
for capital maintenance on water supply works assets:

Table B3.86. Comparison of historic and proposed investment on Water Treatment Works 
(Water Supply Works)

AMP3 
Expenditure (£m)

AMP4 Forecast 
Expenditure (£m)

Actual 07/08 
Prices

Actual 07/08 
Prices

AMP5 
Forecast 

Expenditure

(£m)

Water Treatment Works

The table above shows that Southern Water considers there a need for a step change in 
Capital Maintenance expenditure for water supply works during AMP5. This is the result of 
our improved approach to the assessment of asset risk that has been developed for PR09 
and is explained in this section. Our PR09 approach provides us with a much better 
understanding of the future performance of our water supply works assets and will improve 
the targeting of investment. We have also had to divert Capital Maintenance expenditure as a 
result of the 2006/07 drought to ensure that our water supply works were operating at 
maximum capacity. As a result, we deferred other planned investments which are now 
overdue and these have been identified in the optimisation.

We have examined the output from the deterioration models for assets proposed for 
replacement, with particular focus on the asset types where the highest proportion of planned 
replacement cost will be expended.  The following key areas for expenditure are noted and 
supported by our asset planning approach:

Table B3.87. Maintenance Against Asset Type – Water Supply Works

Asset group %age of maintenance 
cost

Value of planned 
maintenance

Boreholes 23%

Disinfection processes 30%

Surface treatment works 20%

Electrical and control 15%

Other 12%

We have also undertaken a detailed review of overlaps from the capital maintenance 
programme with other programme areas that impact water supply works. The expenditure 
figures shown in this document represent the results of this overlap assessment.

As some 70% of our water supplies come from groundwater sources we note that overall the 
proportion of forecast expenditure is consistent with this (68%). Output from the deterioration 
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model clearly reflects areas that are most important to maintaining output from the 
underground sources.  This supports our findings during the drought of 2005/06 where our 
dependency on the reliability of local sources of supply was severely tested.  

The drought gave us the opportunity to re-assess the deployable output of sources using data 
that can only be collected during times of low ground water levels.  These detailed studies of 
deployable output, taking into account monitoring of groundwater levels and source output 
under adverse conditions, have shown that asset maintenance related work to borehole 
assets can be expected to bring an increase in deployable output in the order of 28Ml/d.  Our 
WRMP assumes the recovery of these potential losses. These constraints on deployable 
output include deterioration due to borehole condition, pumping assets and disinfection plant 
and processes. Further, assuming a reduction in borehole deployable output of 1% per 
annum due to deterioration of assets will accrue a deficit of some 20Ml/d over a 5 year period.  
Noting that the typical cost per megalitre to develop a new resource, as set out in our WRMP, 
is in the order of £1.4m it is clear that the value of deployable output created is considerably 
in excess of the costs to save that increment of output.  Maintenance of our borehole assets 
is without doubt cost effective and cost beneficial.

Similarly the expenditure profile reinforces the focus of maintaining critical water treatment 
assets, and particularly those associated with disinfection processes.  We are aware of the 
concerns of both OFWAT and DWI that the serviceability of water supply works might be 
deteriorating. We carry out detailed process audits at all our works and any deficiencies are 
included in the asset needs in our Area Asset Plan. Further, any failure of a standard is 
investigated in detail. However, it is generally the case that a specific asset failure cannot be 
identified as the cause of a single failure. It is our belief that an accumulation of relatively 
minor defects results in a breach of the 100% integrity required. Restoration of barriers 
necessary to reduce the probability of an event that might have a consequence forth is 
necessarily comprehensive. Risks to serviceability and primarily to human health is shown 
high in our failure consequence matrix and inevitably is a key factor in the increased 
expenditure we have identified to restore historic risk profile.  Nevertheless, the output of the 
deterioration model indicates an increased risk of sample failure and supports the view that
increased investment is required to improve disinfection related assets against ‘background’ 
deterioration.

Table B3.88. AMP5 Capex expenditure on water supply works

Capex (£m)

Maintaining Serviceability

Maintaining serviceability integrated into quality programme 

Carbon reduction

Total

Table B3.88 shows the split of expenditure in AMP5 on water supply works. “Maintaining 
Serviceability” relates to the interventions identified through the Tynemarch deterioration 
modelling described above. We have also identified the capital maintenance element of the 
Quality programme that is planned for AMP5.

We are planning a separate programme to address carbon reduction across our entire asset 
base during AMP5 and a proportion of this cost has been allocated to water supply works 
maintenance based on anticipated interventions.
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B3.3.7 Water Non-Infrastructure – Water Booster Stations

Southern Water currently operates a total of 157 water booster stations providing potable 
water to more than one million households across Hampshire, Sussex, Kent and the Isle of 
Wight.

This section describes the process undertaken to complete a forward-looking risk-based 
analysis for Water Booster Stations, based on the principles of the Common Framework. The 
approach was the same as that used for Water Supply Works and Service Reservoirs.

B3.3.7.1 Data

B3.3.7.1.1 Observations and measures

Historic performance and serviceability assessments are shown in the graph below.
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Figure B3.89 – Serviceability of water treatment works, service reservoirs and boosters with 
Capital Expenditure (Source: 2007/08 June Return)

Link to SDS and customer priorities

We have demonstrated in this section that additional investment in water supply works 
assets is required to maintain a stable level of risk into the future. This is consistent 
with achieving our SDS objective of providing “resilient services to customers in a 
changing environment”.

Our customers have identified aesthetic water quality (in terms of taste, odour and 
colour) as a high priority during our surveys (second only to level of bill). We have
therefore identified a range of interventions at water supply works to ensure that we 
are able to deliver continued high quality water to customers into the future.
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Note that the scale for the serviceability indicators in Figure B3.89 is the ratio of average to 
actuals (not absolute values).

Figure B3.89 demonstrates that we have maintained stable serviceability over a long period of 
time, but continued investment is required to prevent any deterioration of these indicators.
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A Failure Modes Effects and Criticality Analysis (FMECA) study was undertaken to determine 
future asset failure risks for non-infrastructure water assets. This was a change to the process 
employed at PR04 and aligns the analysis format with other asset types.

The principal asset observations informing the FMECA analysis were collected from a number 
of sources. These are listed below in Table B3.90 below.

Table B3.90. Data Sources for Asset Observations

Source Asset Observations

Works Process Flow Diagrams Configurations, capacities, unit counts

Site Surveys Installation dates, condition grades

Ellipse asset inventory Installation dates, unit counts, capacities

Pump manufacturers Installation dates

Southern Water staff Configurations, capacities, unit counts

The data used within the water non-infrastructure modelling is as follows:

• Ellipse – this is the asset register for non-infrastructure assets containing details relating 
to the asset e.g. capacity, kW rating, installation date. Additionally Ellipse is also the 
maintenance management system and is used for the issuing of routine maintenance 
tasks and recording the details of reactive maintenance.
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• Where data gaps exist within Ellipse, these were filled where possible from a variety of 
sources. For example installation dates were acquired from the manufacturer for a total of 
over 4000 pumps across the asset base.  

• Specific site inspection data – site inspections of 120 water booster stations have been 
carried out within the last 18 months. Condition grades have been applied to the 
individual assets and the data fed into the deterioration model.

• Information gathered from site drawings and plans.

• Additional data has been derived based upon expert judgement. A number of ‘expert 
panels’ consider:

• Failure modes;

• Duration of failures;

• Operational consequence of failure; and

• Cost consequence of failure.

The expert panels were convened from across the business utilising the knowledge and 
experience of several employees from the operational and asset teams. The make up of each 
panel was specific to the asset type under review. The attendees had sufficient experience to 
add value to the process. 

The review was carried out using a systematic approach that focussed the debate and 
enabled meaningful results to be obtained. Several of the expert panels were witnessed by 
our auditors HMS.

B3.3.7.1.2 Intervention activity and impact on serviceability

Southern Water has had a significant programme of capital maintenance of its water non-
infrastructure assets during AMP4. This has enabled the company to ensure that it 
undertakes proactive activities to reduce the risk of asset failure. This is reflected in the long 
term stable serviceability assessment in these assets as viewed by OFWAT. 

Asset failures are monitored via the Southern Water Ellipse Computerised Maintenance 
Management System. All assets in Ellipse are assigned to one of five hierarchy levels which 
in descending order are:

• Site

• Function

• Process

• Equipment Set

• Component

For Work Orders to be correctly linked to a failure mode they must be attached at either 
Equipment Set or Component level. Monitoring has improved significantly since PR04 and 
there has been a significant increase in the proportion of Work Orders being recorded at 
these lower levels since 2005. See section B3.2.3.2 for more details.
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B3.3.7.1.3 Cost data for consequences and interventions

Consequence Costs

The cost consequences of failure were estimated by Southern Water Expert Panel members. 
These included repair, clean up and any other costs associated with the failure (including man 
time, parts and consumables).

Where judged significant the following costs were also included, proportional to the duration 
of the failure consequence:

• Weekly costs associated with the failure, for example to cover the hire of temporary 
equipment.

In order to reflect the variability of failure costs, minimum and maximum costs were estimated, 
together with a most likely range. These figures were used to define a cost distribution for use 
in the optimisation calculations.

When selecting optimal interventions (as described below), reductions in the future cost 
consequences of failure are included when calculating the net discounted cost of the 
intervention.

Intervention Costs

Capex intervention costs were produced by Faithful & Gould using the same Southern Water 
data that was submitted for the Cost Base taken from our cost database (SWET). Where 
appropriate cost information was not available for water non-infrastructure assets, Faithful & 
Gould used their own cost database to provide estimated costs. Benchmarking has been 
undertaken to confirm the accuracy of the non-Southern Water cost data using new data 
available in SWET since the DBP submission. 

Additionally the model requires cost equations at a more detailed level than that contained in 
our SWET system. To achieve this data Faithful & Gould developed ‘sub-process’ cost 
equations.

The approach used for costing the opex interventions identified against each ‘sub-process’ 
level, uses a percentage allocation methodology. Faithful & Gould allocated a percentage 
value against each of the four condition grades used within the model to generate an 
intervention value.

In deriving the net cost of an intervention, a discount rate of 5.5% has been applied to all 
future costs and savings, including capital and operation costs, social and environmental 
costs and customer Willingness to Pay where applicable. Future costs are calculated for each 
year over the 25-year planning horizon, discounted back to the intervention date, and then 
added to the intervention cost to derive the net cost used in the selection of interventions.

B3.3.7.2 Analysis

B3.3.7.2.1 Historical analysis

The table below summarises capital expenditure in AMP3 and 4 and that forecast for AMP5 
for capital maintenance on Water Booster Station assets:
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Table B3.91. Comparison on historic and proposed expenditure on Water Pumping Stations

AMP3 
Expenditure (£m)

AMP4 Forecast 
Expenditure (£m)

Actual 07/08 
Prices

Actual 07/08 
Prices

AMP5 
Forecast 

Expenditure
(£m)

Water Pumping Stations

The table above shows that the level of investment proposed for AMP5 is lower than that
incurred in AMP3 or AMP4. This is the result of our risk models indicating a lower level of 
interventions required into the future.

Selection of the planning objective

The Common Framework cost-effectiveness planning objective has been applied. This 
involves selecting the capital maintenance and operation interventions which will minimise the 
total discounted cost to Southern Water of maintaining the current service to customers and 
the environment over each future review period considered (AMP5 through to AMP9). This 
objective has been selected on the basis that we are proposing to maintain a stable level of 
serviceability on water non-infrastructure assets and that our customers have not indicated 
this as a priority area.

B3.3.7.2.2 Forward looking analysis – service and cost forecasting

The selected approach to risk analysis for Sewerage Non-Infrastructure assets was an 
advanced application of   Failure Modes Effects and Criticality Analysis (FMECA) which builds 
upon the same approach adopted successfully for PR04 for wastewater treatment works.

The approach is categorised as “Service modelling with repairable and non-repairable failure 
modes” using the categorisation approach provided by the UKWIR Common Framework 
Review

5
. This category of analytical approach is amongst those assessed as being Most 

Successful at PR04 from the viewpoint of Ofwat, the companies and the project contractors.

The inputs to the analysis include:

• The probability of failure of an asset and its increase over time due to deterioration

• The probability of different severities of consequences arising where the 
consequences are expressed in terms customer service/environmental impact (e.g. 
water quality failure) or asset performance measures (e.g. loss of production 
capacity).

• The duration of the consequences of an asset failure are captured as a trapezoidal 
distribution

• The cost consequences of asset failure

Other inputs include the full attribution of the asset such as age, configuration (parallel units), 
etc. as described below. 

The output of the risk analysis is:

  
5 UKWIR, Capital Maintenance Planning Common Framework: Review of Current Practice, Ref: 05/RG/05/14, ISBN: 
1 84057 395 3, 2005
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• a forecast over the planning horizon the expected number of incidents of consequences 
at each level of severity (e.g. EA Pollution incident category 1, 2 or 3) with and without 
proactive capital maintenance (i.e. pre and post intervention risk)

• the most cost-beneficial set of interventions and their costs required to prevent any 
deterioration in serviceability to customers and the environment as determined by the use 
of a formal optimisation process 

The risk status for each site can be assessed by aggregating the expected numbers of 
incidents into risk scores for each serviceability measure considered so that sites such as 
those with an increasing risk of water quality failure (as expressed by the forecast numbers of 
non-compliant samples for example) can be ranked and considered for intervention.  

Probability of Failure

For each failure mode, failure ‘probabilities’ were estimated initially by an Expert Panel 
comprised of Operational and Asset Management staff within Southern Water. Three types of 
failure probability were derived:

• For repairable failure modes as either failure rates (expected numbers of failures per 
year) or Mean Time Between Failure (MTBF);

• For non-repairable failure modes as either survival probabilities (probability of survival to 
a given date), or conditional probabilities of failure (probability of failure in year N given 
survival to the start of year N); and

• For failure modes associated with the deterioration of an asset to a more expensive 
intervention state (DTMEIS – discussed further in Appendix B.3.1) the transition 
probabilities between condition states were calibrated against condition survey data.

In all cases the Expert Panel was asked to estimate failure rates in the presence of routine 
operational maintenance of the asset, assuming repairable failure modes are repaired 
according to normal Company practice.

The Expert Panel estimates were then validated using data from Ellipse or checked for 
reasonableness by peer review. When applying failure probabilities, the analysis takes into 
account the effect of configuration (i.e. number of units in parallel) on the overall reliability of 
the process stage.

Consequence of failure

The service consequences expected to result from each failure mode were assessed by the 
Expert Panels against the consequence severity scales for each service area, as described 
above.

Where appropriate a ‘tolerable loss’ factor was estimated to represent the proportion of 
parallel unit capacity which would need to fail in order for a service impact to arise.

In order to reflect uncertainties regarding the consequence severity that would result from a 
failure mode, a percentage probability was specified for each possible severity level. Where 
these probabilities summed to less than 100%, the remainder represented the probability that 
no service consequence would result, given that the asset has failed.

Selected consequences for the pump failure mode at a WBS are given in the table below.
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Table B3.92. Selected consequences of ‘Failure of pump’

Impact Coli Crypto Discol Chlorino Non Chl WQ Oth Throughput

V High 0 0 0 0 0 0 100

High 0 0 1 0 0 0 0

Medium 0 0 10 0 0 0 0

Low 0 0 20 0 0 0 0

V Low 0 0 0 0 0 0 0

Null 100 100 69 100 100 100 0

For further optimisations the Expert Panel judgements made for the loss of throughput 
consequence are converted into an indicator measuring interruptions to customer supply by 
means of MISER analysis of system connectivity.

The probability and consequence models were used to forecast the expected number of 
service failures in each service area and the severity level across the next five Review 
periods. The expected number of service failures was calculated taking account of the 
number of parallel units present in each unit process, and the number of these units which 
could fail without causing a service consequence. The latter was specified either via the 
number of duty and standby units present, or as a ‘tolerable loss’ percentage determined by 
the Expert Panel as described above.

The expected numbers of service failures were aggregated for each service area by 
multiplying by the severity scores and summing. The resulting risk score is shown as the blue 
line in the figure below.
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Figure B3.93 – Forecast of risk under differing maintenance strategies (for the discoloration 
service area at WBSs)
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System Analysis

In order to fully understand the impact of failure of non-infrastructure assets, we developed a 
MISER model. This was based on the existing pump scheduling model already in use within 
Southern Water. MISER is a connectivity model that shows network linkages and stores 
information regarding hydraulic constraints. This has allowed us to assess the system impact 
of a failure at a Water Supply Works and whether it can be mitigated by network connectivity. 
The detailed outputs from MISER have included:

• Identifying the components affected by a failure and the impact on their flow capacities;

• Deriving the optimisation horizon as the failure duration;

• Specifying appropriate model scenarios e.g. flow initial conditions, demands;

• Optimising system operation to minimise any demand deficit;

• Extracting results in terms of volume of deficit at each demand node in each timestep; 
and

• Obtaining features from the results such as population affected and expected duration of 
interruption.

MISER results are expressed as the number of customers experiencing an interruption to 
supply for each failure event and duration band.

B3.3.7.2.3 Forward looking analysis – intervention analysis

The output from the expert panels developed the failure modes shown in the table below.

Table B3.94. Number of failure modes in water booster stations group

• Other data sources utilised include:

• Works process flow diagrams- provide data on configurations, capacities and process 
units;

The analysis covers water booster stations owned and maintained by the company, each of 
the facility types contains more closely specified generic groups which reflect the differing 
configurations available in each case. For example the generic groups applied to water 
booster stations were:

• Telemetered supply PS;

• Non-telemetered supply PS; and

• Telemetered transfer PS;

These were chosen as the consequence to customer service is different for each. For 
example, a transfer pumping station with telemetry will have little immediate impact on 
customer service due to reservoir storage, whereas a suppy pumping station has an 
immediate customer impact . Hence our model reflects serviceability issues.

Generic Group Failure Modes

WBS – Telemetered, supply PS 41

WBS – Non telemetered, supply PS 29

WBS – Telemetered, transfer PS 41
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In turn each of these generic groups contains several ‘unit processes’ which cover the various 
functions undertaken at each site. For example a telemetered supply PS can contain the 
following unit processes:

• Pumping;

• Electrical Services;

• Control Services;

• Standby Generation; and

• Telemetry.

Where asset data indicate that a unit process within a generic group is not present on a 
particular site, the failure modes associated with this unit process are excluded from the 
model.

Each unit process contains the assets that perform the indicated function. For example the 
following assets can exist in the pumping unit process identified above:

• Control System;

• Pump & Motor;

• Pipework & Valves;

• Surge Vessel;

• Surge Vessel Compressor;

• Frames and Covers;

• Substructure; and

• Pressure Accumulator.

The following serviceability indicators and sub-service indicators were identified as being 
important for non-infrastructure water assets:

• Coliforms & Plate Counts;

• Cryptosporidium;

• Discoloration;

• Chlorinous taste and odour;

• Non-chlorinous taste and odour;

• Water quality (other determinands);

• Discharge compliance;

• Throughput;

• Pressure;

• Pollution; and

• Health & Safety.
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For each of these indicators, a set of consequence severity definitions was developed and 
agreed, using up to five severity levels ranging from ‘Very Low’ to ‘Very High’ with each 
consequence being defined as far as possible in terms of real measurable events. Each 
severity level was scored to indicate its relative severity, with the highest level being allocated 
a score of 10. For example, for Coliforms & Plate Counts the severity levels were defined as 
shown in Table B3.95 below. In this case the Low and Very Low severity levels were not 
used.

Table B3.95. Severity Levels defined for Coliform & Plate Counts service area

Serviceability Indicator Failure 
Level

Failure Description Failure Severity 
Score

Coliforms + Plate Counts V High E coli failure 10

High Total coliform failure 9

Medium Colony plate count > 100/ml 1

Low

V Low

Failure modes have been classified into one of three types:

• Repairable – failures where the asset can be repaired to an operational state, for 
example, failure of a dosing pump;

• Non-repairable – failures where the asset cannot be or is generally not repaired, for 
example, the failure of a pH instrument; and

• Deterioration to more expensive intervention state (DTMEIS) – events where if no action 
is taken an asset will deteriorate to a stage where a higher level of expenditure will be 
required to restore it to ‘as new’ condition. For example, refurbishing a settlement tank 
once minor cracking is observed will be less costly than intervening once major cracking 
and leaks occur.

Draft failure modes were prepared for each facility type. In identifying failure modes it is 
necessary only to capture the principal assets and their performance and service impacts.

Expert Panel meetings were convened between June and November 2007 in order to review 
the draft failure modes and make judgements relating to the duration, cost and consequences 
of each. In each case the panels consisted of a number of experienced Southern Water 
operational staff and were facilitated by an external consultant. These Expert Panel meetings 
were reconvened between the DBP and FBP submissions to review their original judgements 
where required to improve accuracy. These panels were attended by a broad range of 
Southern Water staff and some were observed by our Reporter, HMS.

Validation of Expert Judgement failure frequency data was undertaken between DBP and 
FBP using available data from Ellipse. As shown in the example graph Figure B3.79 for water 
supply works, the Ellipse showed a good agreement with the Expert Judgement data.

Intervention Options

Unit processes were split into a number of components for the purposes of considering 
interventions.
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For example, the components of the standby generation process are:

• Standby generator;

• Storage tank (diesel); and

• Storage tank bund (diesel) 

The intervention options considered comprised replacement and/or refurbishment of each 
component. The choice between replacement and refurbishment was guided by Expert Panel 
judgements. Both options were considered for long-life assets where maintenance is 
motivated by concern to avoid deterioration to a more expensive intervention state (DTMEIS). 

Each intervention option was considered for each year of the next five Review periods.

The impact of each intervention option on service was quantified as an impact on the risk 
score for each service area and future year.

This was calculated from the improvement in the expected number of consequence events 
which would be achieved by replacing or refurbishing the asset, taking account of the number 
of parallel units present in each unit process and any standby capacity or ‘tolerable loss’.

It was assumed that both replacement and refurbishment would return the asset to equivalent 
to ‘as new’ condition. (It is accepted that this is not always the case in practice since in many 
cases refurbishment will not return the asset to ‘as new’. This assumption would therefore 
tend to underestimate CM requirements.)

Interdependencies between the intervention options have been taken into account in the 
optimisation as follows:

• No intervention can be selected more than once within a 1-year period;

• An asset cannot be subject to both replacement and refurbishment within a 1-year period;

• The benefits of an intervention option are recalculated in each intervention period to take 
account of interventions that have been undertaken on the asset in previous periods;

• There are no relevant cost interdependencies.

Optimisation

The optimal interventions were selected using intervention selection software that takes into 
account both the risk of asset failure as expressed by forecast of expected serviceability to 
customers and the environment, as well as the economics to ensure the ‘economic level of 
capital maintenance’ is determined.

The selection process is as follows:

• Interventions are identified which should be undertaken on economic grounds, when the 
discounted failure costs that would be averted by the intervention are sufficient to justify 
the intervention costs. For DTMEIS failure modes, the optimal economic replacement 
lifetime for the asset was calculated and used to perform interventions at that specified 
interval;

• Service level is re-forecast following these interventions; and

• Further interventions are selected, or economic interventions are brought forward in time, 
so that service is maintained at minimum total (whole-life) cost. This is undertaken in 
practice by ensuring that the risk score for each service area does not increase from its 
2010 level. 

Separate optimisations were undertaken for each facility type.
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B3.3.7.2.4 Conclusions

Table B3.96 below summarises the results of the analysis in terms of expenditure on the 
replacement and refurbishment of water booster station assets.

Table B3.96. Capital Maintenance requirements estimated by FMECA analysis in £m

Facility type AMP5 AMP6 AMP7 AMP8 AMP9

WBS (repair & refurbishment)

WBS (replacement)

Total

Table B3.97. Interventions identified for a sample of booster stations during AMP5

Site 
Unit process Asset Intervention

Cost 
(£k)

Allington Lane Pumping Motor Replace

Allington Lane Pumping Pipework and valves Replace

Cadborough Pumping Substructure Refurbish

Cadborough Pumping Surge vessel Refurbish

Fairlight Control services Building Refurbish

Fairlight Pumping Motor Replace

Fairlight Pumping Pipework and valves Replace

Fairlight Standby generation Diesel storage tank Refurbish

Fairlight Standby generation Standby generator Replace

Owslebury Control services Building Refurbish

Owslebury Pumping Pipework and valves Replace

The peak of expenditure forecast for AMP5 results from the selection of interventions that are 
overdue for implementation on economic grounds at the start of the AMP5 period. 

Of the proposed AMP5 maintenance expenditure 93% is justified on economic grounds the 
remaining costs are to maintain stable serviceability. This includes expenditure on DTMEIS 
assets.

Figure B3.98 shows the total costs of repairs, replacements and refurbishments at WBSs over 
the next five AMP periods. This includes smaller repairs which could be classified as 
operational costs.
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Figure B3.98 – Total costs of repairs, replacements and refurbishments at WBSs 

It can be seen that a purely reactive approach to maintenance will lead to increasing costs as 
failure rates increase. 

Following a peak of overdue economically justified interventions selected in 2010, expenditure 
requirements drop to a lower level, before gradually increasing as the asset service levels 
affected by the 2010 interventions deteriorate.

Figure B3.99 shows the costs of replacement and refurbishment alone. A small amount of 
reactive replacement is required for assets which have non-repairable failure modes.
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Figure B3.99 – Costs of replacement and refurbishment at WBSs 

Sensitivity analysis has been undertaken on the results of the water booster station analysis, 
by considering the effect of varying all input parameters by ±20% (installation years varied by 
±1 year for assets installed later than 1989 and ±5 years for all other assets). The effect of 
this analysis is shown in Table B3.100 below:

Table B3.100. Sensitivity Analysis results for water booster stations model

Change Extent
Resulting % change 

in AMP5 CAPEX

20% decrease -14.0
Failure rates and 

survival probabilities
20% increase 9.2

20% decrease 0.0
Repair durations

20% increase 0.0

20% decrease 0.0
Effects durations

20% increase 0.0

Consequence 20% decrease 0.0
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Change Extent
Resulting % change 

in AMP5 CAPEX

probabilities
20% increase 0.0

5 years earlier pre-1989; 
1 year earlier post-1989

8.5

Installation dates
5 years later pre-1989;

1 year later post-1989
-9.3

5 years earlier pre-1989; 
1 year earlier post-1989

0.0

Last refurbishment 
dates 5 years later pre-1989;

1 year later post-1989
0.0

20% decrease -16.5
Replacement costs

20% increase 15.0

20% decrease -0.1
Refurbishment costs

20% increase 0.1

20% decrease -9.7
Repair costs

20% increase 5.2

The above data indicates that the water booster station model is most sensitive to installation 
date, failure rate calculations and replacement costs. Further testing was carried out to 
determine the significance of this analysis.

To further investigate the effect of uncertainty in the replacement costs, a Monte Carlo 
simulation approach was applied. The analysis was repeated 1000 times with the each 
replacement cost in each repetition sampled from a normal distribution with a mean of its 
original value and a 95% confidence interval of 20% of that value.

The results of this analysis gave a distribution of AMP5 capital expenditure values. 95% of 
these values were within 4% of the original value. This shows that the extreme value analysis 
is indeed a worst case scenario, and that the sensitivity to the likely variation in replacement 
costs is low.

Delivery

Delivery of this element of work will be primarily undertaken through our innovative Single 
Entity Contract (SEC) with 4Delivery which was put in place at the beginning of AMP4.  Our 
excellent performance in the delivery of the Capital Programme for AMP4 clearly 
demonstrated the success of this strategy.  Provision was made in the contract to extend it for 
AMP5 and discussions are well advanced with 4Delivery to do this.  Accordingly the contract 
will continue to underpin our delivery strategy for this element of the Capital Programme.
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B3.3.7.3 Summary – Water Booster Stations

Capital maintenance requirements for non-infrastructure assets have been estimated using a 
forward-looking risk-based approach that is consistent with Common Framework guidance. 

Results indicate that the majority of investment is justified on economic grounds.

Where asset data to support the analysis has not been complete, it has been necessary to 
apply rules to infer data in many cases.

We have examined the output from the deterioration models for assets proposed for 
replacement, with particular focus on the asset types where the highest proportion of planned 
replacement cost will be expended.  The following key areas for expenditure are noted and 
supported by our asset planning approach.

We note that our proposed expenditure to maintain water pumping stations, as determined by 
deterioration modelling, is less than the current AMP period.  In recent years we have paid 
particular attention to the maintenance and improvement of critical water pumping 
installations to ensure we are able to most effectively deploy scarce water resources to 
maintain security of supply.  Accordingly, expenditure has been focussed to ‘strategic’ assets 
at the expense of ‘local’ assets.  We note the deterioration model now shows a refocusing of 
the expenditure, albeit at a lower level, to these ‘non-strategic’ installations that are essential 
to maintain serviceability to local customers.   Our field staff have similarly expressed their 
concerns that expenditure should be re-aligned to local assets and in view of our previous 
investment in strategic assets we are now able to make this adjustment for future investment. 

B3.3.8 Water Non-Infrastructure – Service Reservoirs

Southern Water currently operates a total of 241 service reservoirs providing potable water to 
more than one million households across Hampshire, Sussex, Kent and the Isle of Wight.

This section describes the process undertaken to complete a forward looking analysis for 
Service Reservoirs. The approach was the same across all water non-infrastructure asset 
types including Water Supply Works and Water Booster Stations.

B3.3.8.1 Data

B3.3.8.1.1 Observations and measures

Historic performance and serviceability assessments are shown in the graph below.

Link to SDS and customer priorities

We have demonstrated in this section that investment in water booster works assets 
is required to continue at levels comparable to historic levels. This is consistent with 
achieving our SDS objective of providing “resilient services to customers in a 
changing environment” and providing “best value for money” to customers.

In our customer surveys, water pressure was identified as a key priority, together with 
Greenhouse Gas emissions. By implementing a continuing programme of 
maintenance on these assets, we will ensure that performance and energy efficiency 
is maintained to meet these priorities.
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Figure B3.101 – Serviceability of water treatment works, service reservoirs and boosters with 
Capital Expendture (Source: 2007/08 June Return)

Figure B3.101 demonstrates that we have maintained stable serviceability over a long period 
of time, but continued investment is required to prevent any deterioration of these indicators 
(note that the scale on the graph measures serviceability indicator performance as the ratio of 
average to actuals, not in absolute measures).

A Failure Modes Effects and Criticality Analysis (FMECA) study was undertaken to determine 
future asset failure risks for non-infrastructure water assets. This was a change to the process 
employed at PR04 and aligns the analysis format with other asset types.

The principal asset observations informing the FMECA analysis were collected from a number 
of sources. These are listed below in Table B3.102 below.

Table B3.102. Data Sources for Asset Observations

Source Asset Observations

Works Process Flow Diagrams Configurations, capacities, unit counts

Site Surveys Installation dates, condition grades

Ellipse asset inventory Installation dates, unit counts, capacities

Pump manufacturers Installation dates

Southern Water staff Configurations, capacities, unit counts
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The data used within the water non-infrastructure modelling is as follows:

• Ellipse – this is the asset register for non-infrastructure assets containing details relating 
to the asset. Additionally Ellipse is also the maintenance management system and is 
used for the issuing of routine maintenance tasks and recording the details of reactive 
maintenance. 

• Information gathered from site drawings and plans.

• Additional data has been derived based upon expert judgement. A number of ‘expert 
panels’ consider:

• Failure modes;

• Duration of failures;

• Operational consequence of failure; and

• Cost consequence of failure.

The expert panels were convened from across the business utilising the knowledge and 
experience of several employees from the operational and asset teams. The make up of each 
panel was specific to the asset type under review. The attendees had sufficient experience to 
add value to the process. In the case of service reservoirs, our reservoir repair contractor was 
also invited to participate to ensure that we considered all appropriate failure modes, their 
effects and the method for resolution.

The review was carried out using a systematic approach that focussed the debate and 
enabled meaningful results to be obtained. Several of the expert panels were witnessed by 
our auditors HMS.

B3.3.8.1.2 Intervention activity and impact on serviceability

Southern Water has had a significant programme of capital maintenance of its water non-
infrastructure assets during AMP4. This has enabled the company to ensure that it 
undertakes proactive activities to reduce the risk of asset failure. This is reflected in the long 
term stable serviceability assessment in these assets as viewed by OFWAT. 

Asset failures are monitored via the Southern Water Ellipse Computerised Maintenance 
Management System. All assets in Ellipse are assigned to one of five hierarchy levels which 
in descending order are:

• Site

• Function

• Process

• Equipment Set

• Component

For Work Orders to be correctly linked to a failure mode they must be attached at either 
Equipment Set or Component level. Monitoring has improved significantly since PR04 and 
there has been a significant increase in the proportion of Work Orders being recorded at 
these lower levels since 2005. See section B3.2.3.2 for more details.

Between Draft and Final Business Plans attempts were made to validate expert panel failure 
rates using work order data in Ellipse. However for service reservoir assets, insufficient age 
data could be related to specific Ellipse assets for reasonable rates to be derived. Historically 
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age data have not been well populated within Ellipse, although this is now being rectified, and 
for assets installed within the last three to four years the data are much better populated. 
Therefore in future it will be more feasible to perform this type of validation.

B3.3.8.1.3 Cost data for consequences and interventions

Consequence Costs

The cost consequences of failure were estimated by Southern Water Expert Panel members. 
These included repair, clean up and any other costs associated with the failure (including man 
time, parts and consumables). 

Where judged significant the following costs were also included, proportional to the duration 
of the failure consequence:

• Weekly costs associated with the failure, for example to cover the hire of temporary 
equipment.

In order to reflect the variability of failure costs, minimum and maximum costs were estimated, 
together with a most likely range. These figures were used to define a cost distribution for use 
in the optimisation calculations.

When selecting optimal interventions (as described below), reductions in the future cost 
consequences of failure are included when calculating the net discounted cost of the 
intervention.

Intervention Costs

Capex intervention costs were produced by Faithful & Gould using the same Southern Water 
data that was submitted for the Cost Base taken from our cost database (SWET). Where 
appropriate cost information was not available for water non-infrastructure assets, Faithful & 
Gould used their own cost database to provide estimated costs. Benchmarking was 
undertaken to confirm the accuracy of the non-Southern Water cost data using more recent 
Southern Water data gathered since the DBP.

Contractor costs were also obtained from our framework contractor for service reservoir 
cleaning and remedial works, where the extent of remedial works were known. Our contractor 
also participated in the Expert Panels for service reservoirs to validate Southern Water 
judgements on costs and impacts of failures.

Additionally the model requires cost equations at a more detailed level than that contained in 
our SWET system. To achieve this data Faithful & Gould developed ‘sub-process’ cost 
equations based on a percentage allocation against an overall ‘process’ level cost equation 
(i.e. total of all ‘sub-process’ level equations equals to ‘process’ level equation).

The approach used for costing the opex interventions identified against each ‘sub-process’ 
level, uses a percentage allocation methodology. Faithful & Gould allocated a percentage 
value against each of the four condition grades used within the model to generate an 
intervention value.

In deriving the net cost of an intervention, a discount rate of 5.5% has been applied to all 
future costs and savings, including capital and operation costs, social and environmental 
costs and customer Willingness to Pay where applicable. Future costs are calculated for each 
year over the 25-year planning horizon, discounted back to the intervention date, and then 
added to the intervention cost to derive the net cost used in the selection of interventions.

For each intervention the changes in operational costs associated with undertaking the 
intervention are calculated for each future year. The cost changes comprise the savings due 
to cost consequences of failure that will no longer be incurred as a result of the intervention.
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B3.3.8.2 Analysis

B3.3.8.2.1 Historical analysis

The table below summarises capital expenditure in AMP3 and 4 and that forecast for AMP5 
for capital maintenance on service reservoir and impounding reservoir assets:

Table B3.103. Comparison of historic and proposed investment in service reservoirs and 
towers

AMP3 
Expenditure (£m)

AMP4 Forecast 
Expenditure (£m)£m

Actual 07/08 
Prices

Actual 07/08 
Prices

AMP5 
Forecast 

Expenditure
(£m)

Service Reservoirs and Water 
Towers

Table B3.103 above shows that the proposed level of investment in service reservoirs is 
increasing in AMP5 compared to previous AMPs. This is the result or our improved 
understanding of asset risk from our modelling work undertaken for PR09.

Selection of the planning objective

The Common Framework cost-effectiveness planning objective has been applied. This 
involves selecting the capital maintenance and operation interventions which will minimise the 
total discounted cost to Southern Water of maintaining the current service to customers and 
the environment over each future review period considered (AMP5 through to AMP9). This 
objective has been selected on the basis that we are proposing to maintain a stable level of 
serviceability on water non-infrastructure assets and that our customers have not indicated 
this as a priority area for improvements. 

B3.3.8.2.2 Forward looking analysis – service and cost forecasting

The assessment of future expenditure needs has been determined using deterioration 
modelling. The modelling utilises existing data relating to the assets, their performance and 
associated costs.

Probability of Failure

For each failure mode, failure ‘probabilities’ were estimated initially by an Expert Panel 
comprised of Operational and Asset Management staff within Southern Water. Three types of 
failure probability were derived:

• For repairable failure modes as either failure rates (expected numbers of failures per 
year) or Mean Time Between Failure (MTBF);

• For non-repairable failure modes as either survival probabilities (probability of survival to 
a given date), or conditional probabilities of failure (probability of failure in year N given 
survival to the start of year N); and

• For failure modes associated with the deterioration of an asset to a more expensive 
intervention state (DTMEIS – discussed further in Appendix B.3.1) the transition 
probabilities between condition states were calibrated against condition survey data.

In all cases the Expert Panel was asked to estimate failure rates in the presence of routine 
operational maintenance of the asset, assuming repairable failure modes are repaired 
according to normal Company practice.
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The Expert Panel estimates were then validated using data from Ellipse or checked for 
reasonableness by peer review.

When applying failure probabilities, the analysis takes into account the effect of configuration 
(i.e. number of units in parallel) on the overall reliability of the process stage.

Consequence of failure

The service consequences expected to result from each failure mode were assessed by the 
Expert Panels against the consequence severity scales for each service area, as described 
above.

Where appropriate a ‘tolerable loss’ factor was estimated to represent the proportion of 
parallel unit capacity which would need to fail in order for a service impact to arise.

In order to reflect uncertainties regarding the consequence severity that would result from a 
failure mode, a percentage probability was specified for each possible severity level. Where 
these probabilities summed to less than 100%, the remainder represented the probability that 
no service consequence would result.

Selected consequences for the cover hatch failure mode at a WSR are given in the Table 
B3.104 below.

Table B3.104. Selected consequences of ‘Deterioration of cover hatch’

Impact Coli Crypto Discoloration Chlorination Non 
Chlorination

WQ 
Other

Throughput

V High 1 0.1 0 0 0 0 5

High 2 0.1 0 0 0 0 5

Medium 25 0.1 0 0 0 0 5

Low 0 0 0 0 0 0 5

V Low 0 0 0 0 0 0 0

Null 72 99.7 100 100 100 100 80

For further optimisations the Expert Panel judgements made for the loss of throughput 
consequence are converted into an indicator measuring interruptions to customer supply by 
means of MISER analysis of system connectivity.

The probability and consequence models were used to forecast the expected number of 
service failures in each service area and the severity level across the next five Review 
periods. The expected number of service failures was calculated taking account of the 
number of parallel units present in each unit process, and the number of these units which 
could fail without causing a service consequence. The latter was specified either via the 
number of duty and standby units present, or as a ‘tolerable loss’ percentage determined by 
the Expert Panel as described above.

The expected numbers of service failures were aggregated for each service area by 
multiplying by the severity scores and summing. The resulting risk score is shown as the blue 
line in the figure below.
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Figure B3.105 – Forecast of risk under differing maintenance strategies (for Throughput 
service area at WSRs)

System Analysis

In order to fully understand the impact of failure of non-infrastructure assets, we developed a 
MISER model. This was based on the existing pump scheduling model already in use within 
Southern Water. MISER is a connectivity model that shows network linkages and stores 
information regarding hydraulic constraints. This has allowed us to assess the system impact 
of a failure at a Service Reservoir and whether it can be mitigated by network connectivity. 
The detailed outputs from MISER have included:

• Identifying the components affected by a failure and the impact on their flow capacities;

• Deriving the optimisation horizon as the failure duration;

• Specifying appropriate model scenarios e.g. flow initial conditions, demands;

• Optimising system operation to minimise any demand deficit;

• Extracting results in terms of volume of deficit at each demand node in each timestep; 
and

• Obtaining features from the results such as population affected and expected duration of 
interruption.

MISER results are expressed as the number of customers experiencing an interruption to 
supply for each failure event and duration band.

B3.3.8.2.3 Forward looking analysis – intervention analysis

The output from the expert panels developed the failure modes shown in the table below.
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Table B3.106. Number of failure modes in the service reservoir group

Other data sources utilised include:

• Works process flow diagrams- provide data on configurations, capacities and process 
units;

The analysis covers service reservoirs owned and maintained by the company, each of the 
facility types contains more closely specified generic groups which reflect the differing 
configurations available in each case. For example the generic groups applied to water 
service reservoir sites were:

• Above Ground reservoir;

• Below Ground reservoir; and

• Water Tower.

In turn each of these generic groups contains several ‘unit processes’ which cover the various 
functions undertaken at each site. For example an above ground reservoir can contain the 
following unit processes:

• Chlorination;

• General;

• Hatches and upstands;

• Roof;

• Phosphate Dosing;

• Tank; and

• Valves.

Where asset data indicate that a unit process within a generic group is not present on a 
particular site, the failure modes associated with this unit process are excluded from the 
model.

Each unit process contains the assets that perform the indicated function. For example the 
following assets can exist in the hatches and upstands unit process identified above:

• Cover hatch; and

• Hatch alarm.

The following serviceability indicators and sub-service indicators were identified as being 
important for non-infrastructure water assets:

• Coliforms & Plate Counts;

• Cryptosporidium;

• Discoloration;

Generic Group Failure Modes

SR – Above ground 29

SR – Below ground 29

SR – Tower 25
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• Chlorinous taste and odour;

• Non-chlorinous taste and odour;

• Water quality (other determinands);

• Discharge compliance;

• Throughput;

• Pressure;

• Pollution; and

• Health & Safety.

For each of these indicators, a set of consequence severity definitions was developed and 
agreed, using up to five severity levels ranging from ‘Very Low’ to ‘Very High’ with each 
consequence being defined as far as possible in terms of real measurable events. Each 
severity level was scored to indicate its relative severity, with the highest level being allocated 
a score of 10. For example, for Coliforms & Plate Counts the severity levels were defined as 
shown in the table below. In this case the Low and Very Low severity levels were not used.  

Table B3.107. Severity Levels defined for Coliform & Plate Counts service area

Serviceability Indicator Failure 
Level

Failure Description Failure Severity 
Score

Coliforms + Plate Counts V High E coli failure 10

High Total coliform failure 9

Medium Colony plate count > 100/ml 1

Low

V Low

Failure modes have been classified into one of three types:

• Repairable – failures where the asset can be repaired to an operational state, for 
example, failure of a dosing pump;

• Non-repairable – failures where the asset cannot be or is generally not repaired, for 
example, the failure of a pH instrument; and

• Deterioration to more expensive intervention state (DTMEIS) – events where if no action 
is taken an asset will deteriorate to a stage where a higher level of expenditure will be 
required to restore it to ‘as new’ condition. For example, refurbishing a settlement tank 
once minor cracking is observed will be less costly than intervening once major cracking 
and leaks occur.

Draft failure modes were prepared for each facility type. For water supply works these were 
based on those applied at PR04; for other facility types they were based on the contractors’ 
experiences of undertaking similar analyses for a range of clients. In identifying failure modes 
it is necessary only to capture the principal assets and their performance and service impacts.

Expert Panel meetings were convened between June and November 2007 in order to review 
the draft failure modes and make judgements relating to the duration, cost and consequences 
of each. In each case the panels consisted of a number of experienced Southern Water 
operational staff and were facilitated by an external consultant. These Expert Panel meetings 
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were reconvened between the DBP and FBP submissions to review their original judgements 
where required to improve accuracy. These panels were attended by a broad range of 
Southern Water staff and some were observed by our Reporter, HMS.

Between Draft and Final Business Plans attempts were made to validate expert panel failure 
rates using work order data in Ellipse. However for service reservoir assets, insufficient age 
data could be related to specific Ellipse assets for reasonable rates to be derived. Historically 
age data have not been well populated within Ellipse, although this is now being rectified, and 
for assets installed within the last three to four years the data are much better populated. 
Therefore in future it will be more feasible to perform this type of validation.

Intervention Options

The intervention options considered comprised replacement and/or refurbishment of each 
component. The choice between replacement and refurbishment was guided by Expert Panel 
judgements. Both options were considered for long-life assets where maintenance is 
motivated by concern to avoid deterioration to a more expensive intervention state (DTMEIS). 

Each intervention option was considered for each year of the next five Review periods.

The impact of each intervention option on service was quantified as an impact on the risk 
score for each service area and future year.

This was calculated from the improvement in the expected number of consequence events 
which would be achieved by replacing or refurbishing the asset, taking account of the number 
of parallel units present in each unit process and any standby capacity or ‘tolerable loss’.

It was assumed that both replacement and refurbishment would return the asset to equivalent 
to ‘as new’ condition. (It is accepted that this is not always the case in practice since in many 
cases refurbishment will not return the asset to ‘as new’. This assumption would therefore 
tend to underestimate CM requirements.)

Interdependencies between the intervention options have been taken into account in the 
optimisation as follows:

• No intervention can be selected more than once within a 1-year period.

• An asset cannot be subject to both replacement and refurbishment within a 1-year period.

• The benefits of an intervention option are recalculated in each intervention period to take 
account of interventions that have been undertaken on the asset in previous periods.

• There are no relevant cost interdependencies.

Optimisation

The optimal interventions were selected using intervention selection software that takes into 
account both the risk of asset failure as expressed by forecast of expected serviceability to 
customers and the environment, as well as the economics to ensure the ‘economic level of 
capital maintenance’ is determined.

The selection process is as follows:

• Interventions are identified which should be undertaken on economic grounds, when the 
discounted failure costs that would be averted by the intervention are sufficient to justify 
the intervention costs. For DTMEIS failure modes, the optimal economic replacement 
lifetime for the asset was calculated and used to perform interventions at that specified 
interval;

• Service level is re-forecast following these interventions; and
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• Further interventions are selected, or economic interventions are brought forward in time, 
so that service is maintained at minimum total (whole-life) cost. This is undertaken in 
practice by ensuring that the risk score for each service area does not increase from its 
2010 level. 

Separate optimisations were undertaken for each facility type.

B3.3.8.2.4 Conclusions

Table B3.108 below summarises the results of the analysis in terms of expenditure on the 
replacement and refurbishment of assets. 

Table B3.108. Capital Maintenance requirements estimated by FMECA analysis in £m

Facility type AMP5 AMP6 AMP7 AMP8 AMP9

SR

Table B3.109. Interventions identified for a sample of service reservoirs during AMP5

Site 
Unit process Asset Intervention

Cost 
(£k)

Chilbolton Tower Alarms Level alarm & telemetry Replace

Chilbolton Tower Tank Ladders/walkways/handrails Replace

Deal Low Alarms Level alarm & telemetry Replace

Deal Low General Access road Refurbish

Deal Low Tank Reservoir structure Refurbish

Patching High Tank Reservoir structure Refurbish

Patching Hill Tank Reservoir structure Refurbish

Buchan Hill Alarms Level alarm & telemetry Replace

Buchan Hill Tower Alarms Level alarm & telemetry Replace

Buchan Hill Tower Tank Ladders/walkways/handrails Replace

Figure B3.110 shows the total costs of repairs, replacements and refurbishments at service 
reservoirs over the next five AMP periods. For service reservoirs the reservoir structure is not 
included in the reactive maintenance only line, which is why in this case this strategy appears 
less expensive.
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Figure B3.110 – Total costs of repairs, replacements and refurbishments at WSRs 

SRs have a small initial peak of overdue maintenance, after which expenditure is fairly 
steady. Then there is a peak in 2020 when cover hatches, previously replaced on a company 
wide basis around 1999, need replacing.

Figure B3.111 shows the costs of replacement and refurbishment alone. A small amount of 
reactive replacement is required for assets which have non-repairable failure modes.
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Figure B3.111 – Costs of replacement and refurbishment at WSRs 

Sensitivity analysis has been undertaken on the results of the service reservoir analysis, by 
considering the effect of varying all input parameters by ±20% (installation years varied by ±1 
year for assets installed later than 1989 and ±5 years for all other assets). The effect of this 
analysis is shown in Table B3.112 below. The service reservoirs capital expenditure is driven 
more by the refurbishment of assets, notably reservoir structures, than other asset categories, 
and this is shown in the sensitivity analysis.

Table B3.112. Sensitivity Analysis results for service reservoirs model

Change Extent
Resulting % change 

in AMP5 CAPEX

20% decrease -1.6
Failure rates and 

survival probabilities
20% increase 2.8

20% decrease -0.5
Repair durations

20% increase 0.5

20% decrease 0.0
Effects durations

20% increase 0.0
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Change Extent
Resulting % change 

in AMP5 CAPEX

20% decrease 0.0
Consequence 
probabilities

20% increase 0.0

5 years earlier pre-1989; 
1 year earlier post-1989

0.0

Installation dates
5 years later pre-1989;

1 year later post-1989
0.0

5 years earlier pre-1989; 
1 year earlier post-1989

8.7

Last refurbishment 
dates 5 years later pre-1989;

1 year later post-1989
-6.4

20% decrease -8.5
Replacement costs

20% increase 10.5

20% decrease -9.4
Refurbishment costs

20% increase 9.4

20% decrease 0.0
Repair costs

20% increase 0.8

The sensitivity analysis demonstrates that for service reservoirs, the optimisation models are 
most sensitive to replacement and refurbishment costs. The last refurbishment date is also a 
factor in the uncertainty. However, Southern Water has compiled cost data for service 
reservoir interventions from its SWET database of actual intervention costs. We have also 
taken advice from our framework reservoir contractor on the likely costs of interventions and 
are therefore satisfied that we have taken steps to manage any uncertainties of the 
optimisation model.

Delivery

Delivery of this element of work will be primarily undertaken through our innovative Single 
Entity Contract (SEC) with 4Delivery which was put in place at the beginning of AMP4.  Our 
excellent performance in the delivery of the Capital Programme for AMP4 clearly 
demonstrated the success of this strategy.  Provision was made in the contract to extend it for 
AMP5 and discussions are well advanced with 4Delivery to do this.  Accordingly the contract 
will continue to underpin our delivery strategy for this element of the Capital Programme.

B3.3.8.3 Summary – Service Reservoirs

Capital maintenance requirements for service reservoir and impounding reservoir assets have 
been estimated using a forward-looking risk-based approach that is consistent with Common 
Framework guidance. 
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Results indicate that the majority of investment is justified on economic grounds.

Results remain dependent on expert judgements regarding failure rates, costs of failure etc.

Where asset data to support the analysis has not been complete, it has been necessary to 
apply rules to infer data in many cases.

We have examined the output from the deterioration models for assets proposed for 
replacement, with particular focus on the asset types where the highest proportion of planned 
replacement cost will be expended.  The following key areas for expenditure are noted and 
supported by our asset planning approach.

We note that the deterioration model is showing a significant increase in the expenditure 
proposed for this group of assets as compared to historic expenditure.  Historically we have 
developed a programme of planned maintenance of service reservoirs on a ten-year cycle, 
extended to 15-years for reservoirs where data on water quality have not suggested there has 
been any decline in asset performance.   However, we have become concerned that the 
extended cycle for inspection is now revealing structural deterioration of assets that is not 
evident from the factors considered for a water quality driven programme.   When considering 
the current expenditure profile of some £1.5m per annum against service reservoirs with an 
asset value in excess of £250m and noting the age of these assets we are concerned that our 
previous expenditure will not be adequate to maintain serviceability.  The increased 
expenditure proposed from the deterioration model reflects a need to recover the ‘backlog’ of 
investment required to maintain these critical assets.  We are re-aligning our approach from 
assessment against water quality risk to that of structural deterioration risk with customer 
impact of loss of supply and reduced security of supply.  Within the proposed expenditure it is 
acknowledged that water quality risk factors will benefit as we recover an unacceptable 
structural risk to assets. 

The table below is included further to the request in the FBP Reporting Requirements.

Table B3.113. Service Reservoir forecast coliform compliance to 2020

Indicator Level of 
performance 
by 2014-15

Reference level 
of performance 
during 2010 to

2015

Control 
limits (+/-)

Level of 
performance 
by 2015-20

Reference level 
of performance 
during 2015 to 

2020

Control 
limits (+/-)

Service 
Reservoirs 
coliform non-
compliance %

0.055 0.055
+0.15 /

-0.15
0.055 0.055

+0.1 /

-0.55

Link to SDS and customer priorities

This section has described our proposals for an increase in maintenance levels at 
service reservoirs during AMP5 to address potential structural defects in these assets. 
Work is considered essential to meet our SDS objective of providing “resilient services 
to customers in a changing environment” by ensuring that structures do not impact 
water quality.

Our customers have identified aesthetic water quality (in terms of taste, odour and 
colour) as a high priority during our surveys (second only to level of bill). By 
undertaking this programme of work at service reservoirs, we will ensure that these 
assets do not impact on water quality in the future.
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B3.3.9 Water Non-Infrastructure – Impounding Reservoirs and 
Aqueducts

Southern Water currently operates a total of 5 impounding reservoirs providing potable water 
to more than one million households across Hampshire, Sussex, Kent and the Isle of Wight.

In planning our investment requirements for impounding reservoirs for AMP5 and beyond, 
Southern Water reviewed panel engineer reports for our stock of reservoirs and any remedial 
works required or anticipated.

The outcome of this review was that no significant capital maintenance expenditure was 
identified. However, we intend to continue to undertake minor maintenance activity which will 
be covered by opex costs during the AMP5 period. We also believe this demonstrates our 
approach to balancing risk against impact on customer bills.

No allowance has been made at this time for Capital Maintenance works at impounding 
reservoirs in future AMPs. These will be determined at future price reviews following future 
inspections.

B3.3.10 Water Non-Infrastructure – Revenue Meter Replacement

B3.3.10.1 Historical Perspective

SW aims to implement a cost effective meter replacement strategy which will reduce the 
volume of reactive meter replacements and minimise the negative impacts of meter failure. 
Currently Southern Water has a small proactive meter replacement programme that operates 
on a twelve year cycle. The programme started during AMP4 and has a limited scope. The 
aim of the AMP5 meter replacement programme is to implement a maintenance policy which 
includes a planned proactive meter replacement programme in addition to reactive meter 
replacements that deal with ad hoc failures.

B3.3.10.2 Meter Stock

SW meter stocks currently (2008) stands at 444,526 meters. These meters are all traditional 
“dumb” meters and they have been installed between 1990 and 2008. An age profile of these 
meters is given in Figure B3.114.
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Figure B3.114. Age profile of revenue meters

Of the meters shown above, currently 83% of our meter stock is installed externally and 17% 
internally. This has been taken into account when considering the interventions for each 
meter replacement.

B3.3.10.3 Forward Looking Analysis

Deterioration rates were determined for dumb and intelligent meters using data from Southern 
Waters meter systems. The results are shown below for meters that failed between 2005 and
2008.
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Figure B3.115. Failure rates by year for revenue meters

As it is now Southern Water policy to install intelligent meters on replacement, the proportion 
of these types of meters in our stock will increase over the coming years. This will be 
accelerated by the commencement of the Universal Metering Programme planned for AMP5. 
The installation of more intelligent meters will affect the meter replacement frequencies, as 
our analysis shows that intelligent meters fail more abruptly at approximately 15 years 
compared to dumb meters (Figure B3.115).

B3.3.10.4 Intervention Costs

Cost data have been taken from SW PR09 draft cost base data and the Universal Metering 
Programme cost build-up calculations. Costs are based on 10% of meters being installed 
internally and 90% externally after replacement. This is consistent with our cost assumptions 
for Universal Metering. Costs have also been included for the administrative costs of meter 
failure and replacement and the effect of lost revenue, in addition to the contractor costs of 
installation. 

In order to determine the most cost effective replacement strategy, an NPV analysis was 
completed covering 5 options. The results are shown below. Note that for options 2a, 2b and 
2c, an allowance is made for a small number of reactive replacements in each year.
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Table B3.116. NPV analysis of meter replacement options

Option AMP5 Expenditure 
(DBP)

AMP5 cost 
(including benefit 

costs) (£m)

NPV (over 40 years) 
(£m)

0
Reactive replacement 

with dumb meters

1
Reactive replacement 
with intelligent meters

2a
Proactive exchange after 

10 years

2b
Proactive exchange after 

15 years

2c
Proactive exchange after 

20 years

B3.3.10.5 Conclusions

This analysis demonstrates that a 15 year replacement frequency has the lowest whole life 
cost when viewed over 40 years. We have therefore adopted this approach for our AMP5 
plan. This gives a total of 15,237 (estimated) meters replaced reactively on failure and 
146,890 meters replaced proactively on age during AMP5 at a cost of £12.363m.

This work will be delivered through our new Multi Services Framework which is currently 
under negotiation.

Link to SDS and customer priorities

This section has provided a detailed explanation of how we have determined the most 
cost-effective meter replacement programme for our revenue meters. We have 
demonstrated using an NPV analysis that our preferred option provides “best value for 
money” for our customers, in line with our SDS objective.

Our customers have identified a range of priorities that could potentially be impacted 
by meter performance if left unmanaged. In particular, interruptions to supply and poor 
pressure are highlighted as priorities. Our proactive programme of meter replacement 
will contribute to addressing these areas.
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B3.4 Further Commentary – Water Service

B3.4.1 Table A4 line 11

The Draft Business Plan guidance specifically requests that the breakdown of the investment 
is provided in the commentary. This information is provided below. 

Table B3.117. Breakdown of Investment

Scheme Cost (£’000)

AMP 5 leakage strategy

Reactive communication pipe replacement

Infrastructure deterioration (modelled)

Maintain DG2

Total

We note that the activities covered above refer to all of the activities on the infrastructure 
mains and not just those outlined in table A4.

The capital expenditure relating to leakage is in line with our historic allocation. Proactive 
leakage costs are, within our accounting procedures, allocated to capex as the work 
undertaken is associated with the long term integrity of the water distribution system. 

Work undertaken as reactive leakage is allocated to operational costs.  

B3.4.2 Table 3.1 - Water

Below are the performance levels for water in the coming AMP periods and an explanation of 
the basis of the levels and control limits. It should be noted that these levels are set on the 
basis of operating under ‘normal’ conditions. Exceptional events such as drought conditions 
or severe storm events may mean that our performance exceeds the control limits. We would 
expect that, when assessing future performance, such events are recognised as exceptional 
and treated as such. Additionally the performance levels are based on future proposed 
expenditure, without this expenditure the performance levels are unrealistic. 

 

Line 1 - DG2 Properties art risk of receiving low pressure

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

DG2 Properties art 
risk of receiving 
low pressure

386 300 340 340 340 170

The performance at 2014/15 will be the same as at the end of this current AMP period as the 
proposed investment is to maintain the number of properties at current levels. The 
performance level is consistent with the current target of 340. Control limits of 170 (50%) are 
appropriate. However, it should be noted that if a period of drought is experienced then we 
are likely to breach the upper limit as experienced in 2006 (898 properties).
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Line 2 – DG3 Supply interruptions (overall performance score)

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

DG3 Supply 
interruptions 

(overall 
performance 

score)

0.19 0.30 0.30 0.30 0.30 0.30

The performance at 2014/15 will be the same as at the end of this current AMP period as no 
investment is planned that will reduce this indicator. Reference levels are consistent with the 
average performance between JR03 and JR08. This indicator is sensitive to major unplanned 
incidents and the upper/lower control limit of + 100%. 

Line 3 - Water Treatment Works coliform non-compliance

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control
limit(+/-)

Water treatment 
works coliform 

non-compliance
0.09 0.08 0.08 0.06 0.06 0.04 0.06 0.06 0.04

The increased proposed targeted investment at water treatment works during AMP5 will 
achieve an improvement over current performance by the end of the period. The reference 
level is equal to the best performance achieved over the last 5 years. The control limits are in 
line with JR00 and JR01 data. 

Line 4 - % Bacteriological samples from SR’s failing standard

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

% Bacteriological 
samples from SR’s 

failing standard
0.08 0.05 0.08 0.05 0.05 0.05 0.05 0.05 0.05

The performance at 2014/15 is based upon our current level of performance as no enhanced 
level of investment is proposed in this area. The reference level is set at the current 
performance level. The control limits are set to provide a lower limit of zero.

Line 11 - % mean zonal compliance with PCV for iron at the tap

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

% mean zonal 
compliance with 

PCV for iron at the 
tap

99.68 99.65 99.75 99.75 99.75 0.40 99.75 99.75 0.40

The performance at 2014/15 is based upon our current level of performance. The reference 
level is based upon our average performance over the last 10 years and the control limit is 
aligned to JR02 and JR03 data.
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Line 12 – Enforcement Actions considered for microbiological standards

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

Enforcement 
Actions 

considered for 
microbiological 

standards

0 1 0 0 0 1 0 0 1

The performance is targeted at zero enforcement actions, which the reference level 
represents. The control limits is representative of the potential for a single action.

Line13 – Number of WSW where turbidity 95%ile greater than or equal to 0.5 NTU

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

Number of WSW 
where turbidity 
95%ile greater 
than or equal to 

0.5 NTU

0 0 0 1 2 4 1 2 4

The performance at 2014/15 is based upon our current level of performance. The reference 
level is based on JR07 and JR08 data and the control limit is aligned to JR06 data.

Line 20 – Number of mains bursts

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

Number of mains 
bursts

1997 2574 1908 1908 1901 482 1908 1901 482

The performance at 2014/15 will be the same as at the end of this current AMP period as no 
investment is planned that will reduce this indicator. We believe it appropriate that data 
relating to 1998 and 1999 is suitable to determine the reference level of 1901 and a control 
limit of 482. However, it should be noted that a repeat of the severe winter just experienced is 
likely to breach the upper control limit, we anticipate the outturn for the period ending 31 
March to be the highest burst rate for over 10 years, the increase is due to cold weather 
experienced in January. 

Line 21 – DG3 unplanned interruptions to supply exceeding 12 hours

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

DG3 unplanned 
interruptions to 

supply exceeding 
12 hours

142 50 343 343 338 157 343 338 157

The performance at 2014/15 will be the same as at the end of this current AMP period as no 
investment is planned that will reduce this indicator. As this measure can be variable and 
influenced by many factors the appropriate reference level is based upon the average of the 
last 10 years, the control limits as based upon JR99 are appropriate.
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Line 22 – Unplanned non-infrastructure maintenance

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

Unplanned non-
infrastructure 
maintenance

13,900 13,900 13,900 13,006 12,947 1,416 13,000 12,947 1,416

The AMP4 performance is based upon the JR08 data, we believe this to be representative of 
actual performance based upon maintenance policies in current operation. The control limits 
are based upon JR07 and JR08 data. 

It should be noted that within the CMPCF we are required to develop the most cost effective 
maintenance approach which is a mix of renewal, repair, planned maintenance and reactive 
maintenance. Cost and changes in costs and changes in consequence of asset failure will 
drive reactive job numbers.

Line 23 – Unplanned non-infrastructure maintenance

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

Unplanned non-
infrastructure 
maintenance

65.0 65.0 65.0 60.0 61.0 6.6 60.0 61.0 6.6

The AMP4 performance is based upon the JR08 data, we believe this to be representative of 
actual performance based upon maintenance policies in current operation. The control limits 
are based upon JR07 and JR08 data. 

It should be noted that within the CMPCF we are required to develop the most cost effective 
maintenance approach which is a mix of renewal, repair, planned maintenance and reactive 
maintenance. Cost and changes in costs and changes in consequence of asset failure will 
drive reactive job numbers irrespective of condition.

B3.5 Planning Objectives Direction and Delivery –
Sewerage Service

B3.5.1 Changes from the Draft Business Plan

This section provides a summary of the changes to this document since the Draft Business 
Plan submission.

B3.5.1.1 General

We have commissioned an independent review of our Draft Business Plan Section B3 
document against the UKWIR AMPAP methodology to determine particular areas of 
weakness in our Draft submission. Following discussions with Southern Water, our 
independent reviewer determined that adequate processes were in place and were followed 
for Asset Management Planning and that many of our low AMA scores were the result of a 
lack of information presented.

As a result of this review, our Final Business Plan Section B3 submission has changed in 
structure and now contains much more information on our approach to Asset Management 
Planning. We anticipate that the additional information available, together with clearer 
presentation, will improve our AMA score used in setting the Final CIS Baseline.
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B3.5.1.2 Changes to forward-looking analysis for non-infrastructure

We have made a series of improvements to the inputs to our forward-looking analysis used to 
identify our investment requirements between DBP and FBP submissions. These are detailed 
below.

B3.5.1.2.1 Generic failure mode workshops

One additional failure mode workshop was held for each facility type (e.g. Wastewater 
Treatment Works, Sludge Treatment Centres). The workshop focused on reviewing the 
judgements associated with those failure modes that were identified as having the most 
significant impact on the DBP results.

The changes made to the failure modes lead to both increases and decreases in expenditure 
requirements, but the net effect for wastewater non-infrastructure was a reduction in AMP5 
expenditure.

B3.5.1.2.2 Derivation of failure rate curves from Ellipse work order data

For seven failure modes (covering water and sewerage assets), sufficient work orders and 
asset installation dates were available to allow failure rate curves to be developed from data. 
In four of these cases the resulting curves were similar to those derived from workshop 
judgements, and the original curves were retained.

In three cases there were discrepancies and the new data-derived curves were adopted. Two 
of these cases related to WTWs (primary sedimentation and humus tank scraper equipment), 
where the changes resulted in a reduction in the capital maintenance required.

B3.5.1.2.3 Changes to intervention costs

In the Draft Business Plan analysis, intervention cost models derived by Faithful & Gould 
were applied in the optimisation without any additional on-costs. On-costs were added after 
the optimisation process. For the FBP submission, we have now added on-costs for Southern 
Water inputs to the cost models used in the optimisation models. This, together with other 
changes to the Faithful & Gould cost models since DBP has had the effect of reducing 
intervention costs by 12%.

B3.5.1.2.4 On-cost factor applied to repair costs

In our Draft Business Plan analysis the repair costs provided by the Expert Panel attendees 
were applied in the optimisation without any additional on-costs. In the Final Business Plan 
analysis these have been subject to the appropriate on-cost factor.

B3.5.1.2.5 Site specific failure mode workshops

For 22 selected sites (including 8 WTWs), site-specific failure mode workshops were held in 
order to improve the asset data required for the analysis and to review the most significant 
failure modes. The net result was an increase in expenditure requirements for these sites.

B3.5.1.3 Consideration of Overlaps

We have been able to significantly reduce the Capital Maintenance investment requirements 
in AMP5 by considering assets that will be replaced as part of the Quality or Growth 
programmes. This has resulted in a reduction in expenditure on wastewater treatment works 
Capital Maintenance of 40% compared to the DBP submission.
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B3.5.1.4 Summary of Changes in AMP5 Expenditure

Table B3.4 shows a comparison of forecast expenditure between DBP and FBP submissions 
for the Sewerage service.

Table B3.118. Summary of Forecast Expenditure Changes between DBP and FBP 
submission (£m)

Asset Type AMP5 Expenditure 
(DBP)

AMP5 Expenditure 
(FBP)

Change from DBP

Sewerage 
Infrastructure

Sea Outfalls and 
Headworks

WTW

WPS

STC

Sludge Disposal

Management & 
General

Total

B3.5.2 Stakeholder Engagement

The Company believes that it is essential, as a minimum, to maintain a stable service to our 
customers and to enhance the service where relevant. 

Through the normal operation of the business we are made aware of the expectations of our 
customers through direct customer contact via telephone and written correspondence. This 
contact normally relates to the direct service we provide to customers i.e. water from the tap 
and the dealing with their wastewater. Whilst these issues tend to be of an immediate nature 
they are clearly representative of services customers would like to see improved, e.g. sewer 
flooding.

As one would expect from any company with a direct interface with customers, we are keen to 
regularly assess customers’ perceptions of the Company in a more formal manner. To 
achieve this we carry out dedicated customer research on a weekly basis. The results of this 
research not only influence the continued day to day operation of the business but also our 
plans for the future.

Key to the Business Plan was the significant consultation undertaken through the Willingness 
to Pay survey. This was designed specifically to elicit our customers’ priorities, the levels of 
service they desire and the level of funding they are willing to provide.  
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Whilst the above was undertaken for the preparation of the DBP and the results remain valid 
for the FBP, we have taken the opportunity to seek customers’ views on the proposals within 
the DBP. These results are discussed in full later and it is fair to say that the overall view can 
be classed as strongly supportive of the proposals.

Incorporating all available information and data on customers’ views and priorities within the 
Business Plan ensures it is fully inclusive and is aimed at delivering the levels of service our 
customers desire and are willing to pay for in 2010-2015 and beyond.

Given that we are a monopoly, it is essential for us to recognise the significant importance of 
stakeholder involvement to determine the priorities for future investment. These stakeholders 
are primarily the actual ‘consumers’ of our services, our customers. However, it is also 
important to recognise the statutory bodies that either represent the interests of our 
customers or act as guardians of the environment, an environment that we, through our 
normal activities, can impact upon.    

Whilst not exhaustive, the following are our predominant stakeholder consultees:

• Domestic customers;

• Business customers;

• Environment Agency (EA);

• Drinking Water Inspectorate (DWi);

• Consumer Council for Water (CCWater);

• Natural England (NE);

• South East England Regional Assembly (SEERA)

• Local Business Leaders;

• Local Authorities

• PR09 Advisory Panel, which has met on a quarterly basis to review and input into the 
development of our SDS, Draft and Final Business Plan. 

• Key Opinion Formers (KOFs) e.g. Parish Councils

• MPs; and

• Employees

The methods utilised to obtain the views of the domestic customers we serve and analysis of 
those views are detailed below.

B3.5.2.1 Domestic Customers

Consultation with our domestic customers has been conducted by the following means:

• Willingness to Pay research

• By far the largest information source for gathering information from domestic customers is 
the formal Willingness to Pay research, which gathered information from over 1500 of our 
domestic customers. 

• Customer evaluation of DBP proposals

• This extensive research gathering the views of over 500 of our domestic customers 
provided the details of the acceptance of the service levels and associated bill impacts 
proposed within the DBP. 
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• Continuing customer research

• With the objective of improving the performance of the Company in the eyes of our 
customers and identify priority issues, we carry out customer research on a weekly basis 
by telephone survey.  

• Key opinion former survey

• In order to further our understanding of our customers’ priorities, we commissioned a 
telephone survey of other ‘representatives’ (Parish Councils) who are close to the issues 
and concerns of our domestic customers.  

• Complaints analysis

• Another source of data is that relating to complaints about services made by telephone to 
our technical call centre. 

We also collect information through the formal process of Table 5b of the June Return, which 
provides a representative picture of the issues that drive customers to write in with complaints 
relating to the service we provide. 

The research undertaken as part of the willingness to pay research for domestic customers 
provided the following information.

Table B3.119 – View of current services 

Percentage of Respondents

Happy with 
Service

Needs 
Improvement

Greenhouse gas emissions 40.8 23.1

Level of pollution from 
Company activities

44.4 25.3

Bathing water quality 47.8 20.3

River water quality 49.3 23.2

Supply interruptions 55.7 13.5

Level of bill 57.8 37.2

Water restrictions 65.7 23.9

Frequency of external 
flooding

67.2 16.3

Odour from treatment works 70.6 20.6

Colour, taste and smell of tap 
water

71.0 27.1

Frequency of internal flooding 71.7 9.8

Water pressure 81.8 16.1

During the interview customers were asked for their priorities on services needing improving, 
these are shown in the table below.
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Table B3.120 – Area of improvement 

Percentage of 
Respondents 

n/a (no mention of service needing improvement) 29.6

Level of bill 18.3

Colour, taste and smell of tap water 9.1

Green house gas emissions 6.8

Level of pollution from Company activities 6.7

Odour from treatment works 6.7

Water restrictions 4.3

Frequency of external flooding 4.2

River water quality 3.8

Water pressure 3.2

Bathing water quality 2.3

Supply interruptions 2.1

Frequency of internal flooding 2.1

After the submission of the DBP we felt it important to gauge our customer’s views on the 
proposals within the plan. It was determined that the most appropriate means of achieving 
this was through a formal research process, full details of which can be found in C1. The 
results from this research are detailed below. 

Table B3.121. Details of domestic customer priorities from post-DBP research (Sewerage 
Service)

Interviewee ResponseAttribute

In Favour 
(%)

Not in 
Favour (%)

Sewerage Customers

Ensure bathing water quality meets or betters EU standards 78 9

Reduce the level of CO2 emissions produced by SW 79 10

Reduce the number of pollution incidents by improving the sewerage 
network

81 11

Increase the maintenance of the sewerage system including pipes, 
pumping stations and treatment works 

75 14

Reduce the number of properties affected by internal flooding 73 12

Reduce the number of gardens/other outside areas affected by sewer 74 12
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Interviewee ResponseAttribute

In Favour 
(%)

Not in 
Favour (%)

flooding

Reduce the number of odour complaints from wastewater treatment 
works

67 12

Improve river quality to comply with legislation 64 23

Accommodate the demand needs of population growth in the 
Southeast

60 25

Value for money for the whole package for sewerage service 31 28

Value for money for the whole package for water and sewerage 
services 

42 24

B3.5.2.2 Business Customers

As for domestic customers, the largest source of information for this particular customer 
sector is that as derived from the Willingness to Pay research.

In addition, we have gathered views from a regular series of meetings with key stakeholders 
engaged in development and planning in Hampshire, Sussex and Kent with our senior 
managers and Directors. Additionally a series of road shows on the DBP proposals were held 
for leaders in local government, NGO’s, business leaders, environmental groups and the like.  

Table B3.122 – View of current services 

Percentage of Respondents

Happy with Service Needs 
Improvement

Greenhouse gas emissions 40.1 11.9

Level of pollution from Company 
activities

56.7 14.7

Bathing water quality 67.6 22.1

River water quality 56.4 12.2

Supply in interruptions 74.3 8.6

Level of bill 63.1 34.6

Water restrictions 69.7 26.3

Frequency of external flooding 75.3 16

Odour from treatment works 71.5 21.8

Colour, taste and smell of tap water 79.6 19.1

Frequency of internal flooding 79.5 9

Water pressure 88.8 10.5
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During the interview customers were asked for their priorities on services needing improving, 
these are shown in Table B3.123 below.

Table B3.123 – Area of improvement 

Percentage of 
Respondents

n/a (no mention of service needing improvement) 31.7

Level of bill 22.1

Colour, taste and smell of tap water 5.1

Green house gas emissions 3.2

Level of pollution from Company activities 3.5

Odour from treatment works 6.4

Water restrictions 3.5

Frequency of external flooding 5.1

River water quality 3.2

Water pressure 1.0

Bathing water quality 6.4

Supply interruptions 1.6

Frequency of internal flooding 3.5

Whilst the above tables show customer concern on the level of bills, which is understandable 
when covering topics in general, the important research into the acceptability of future bill 
increases was through the willingness to pay research.

This research elicited customers views on future bill increases arising from the associated 
service they were to receive, through the use of contingent valuation questioning. The 
comprehensive analysis of this research data revealed that customers are prepared to pay an 
additional £30 each year for the service on offer. The investment plans for AMP5 are such 
that the proposed bill increases are far less than £30/year. 

B3.5.2.3 Environment Agency (EA)

Feedback from the EA is gathered through ongoing discussion and correspondence at a 
regional level, through normal business involvement.  Collection of information from this key 
stakeholder has helped us to identify a number of specific regional issues and gives us 
valuable insight into their thoughts on the important issues for PR09, which can be 
summarised as follows: 

• Improvement to raw water quality by catchment management;

• Support of wastewater recycling as a means of enhancing water resources;

• Agreement with the reduction in the leakage target down to 10%, recognising the 
additional benefit of reducing the associated carbon footprint; 

• Fully support full metering by 2015 with recognition of the associated benefits of rising 
block and seasonal charging mechanisms; 

• Fully support the promotion of water efficiency;

• Seek the continuation of free supply pipe repairs; 
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• Address lead pipe replacement on a lifecycle approach;   

• Continued emphasis on the reduction of pollution incidents, category 1 and 2 incidents in 
particular; 

• Continued addressing of sewer flooding, supporting the use of surface water 
management plans and the use of SUDS;

• Provision of adequate infrastructure ahead of development;

• Welcoming of  the commitment to build resilience into the industry’s infrastructure; 

• Environmental improvements should be achieved with a minimum carbon footprint;

• Fully recognise the impact of climate change by reducing carbon emissions;

• Look to reducing flows to wastewater treatment works by water efficiency techniques and 
infiltration reduction; and 

• Consider the various beneficial recycling methods for biosolids on a lifecycle approach. 

B3.5.2.4 Drinking Water Inspectorate (DWI)

As with the EA, continuing discussions with the DWi on specific issues for Southern Water 
and the South East have provided us with the following feedback:

• They are committed to improving water quality;

• The use of a risk based approach to the management of water supplies;

• Catchment management control and pollution prevention are important;

• Aspire to extend performance beyond 100% compliance;  

• Increased meter penetration should be linked with lead pipe replacement, water pressure 
issues and leakage; and 

• Set target levels for customer complaints and look to reduce complaints relating to 
discolouration, taste and odour.  

B3.5.2.5 Consumer Council for Water (CCWater)

CCWater are involved at every stage in the PR09 discussions. The Council’s main concerns 
are consumer-focused and they express the wish that the PR09 process delivers the 
following: 

• A good outcome in terms of improving the safety and reliability of the services consumers 
pay for and enhancing the local and wider environment; and

• A fair price for what customers receive.

Discussions have identified that the above can be achieved by:

• Identifying consumers’ priorities;

• Acting upon identified priorities; 

• Defining the benefits;

• Communication throughout the process; and 

• Being realistic by recognising value for money and affordability.
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B3.5.2.6 Natural England (NE)

Continuous discussion and correspondence with NE takes place through the normal 
operation of the business. Their thoughts and priorities in relation to PR09 can be 
summarised as follows:

• Fully support the need to protect the environment and environmental legislation;

• Water resources protection through catchment management;

• The need to prevent over abstraction;

• Support further leakage reduction and supply pipe policy of free repairs;

• Believe that the Company should take a stronger lead on water efficiency;

• Endorse the ambitious metering target;

• Supportive of lead pipe replacement and the associated reduction on phosphate dosing;

• Supportive of pollution reduction; 

• Need to recognise growth in the Southeast;

• Recognise the need to reduce carbon emissions; and

• Support the recycling of treated biosolids.

B3.5.2.7 Regional and Local Government

Discussion on PR09 issues with representatives of Local Government and has provided us 
with the following feedback:

South East England Regional Assembly (SEERA)

• Recognise the need to work with others to protect water resource quality;

• Recognising the benefits of sharing water resources in the Southeast;

• Support further leakage reduction but recognise that there will be a level beyond which it 
will not be economically viable;

• Supports water efficiency and recognises the need for national drivers;

• Supports the drive for full metering and the introduction of rising block and seasonal 
tariffs;

• Believes that the occurrence of hosepipe bans is inevitable;

• The need to reduce carbon emissions and introduce low carbon solutions;

• Supportive of addressing sewer flooding;

• Housing development should not be restricted by infrastructure capacity;

• Agrees with the emphasis on co-operation between stakeholders to identify 
environmental capacity; 

• Supportive of the operation of co-facilities for wastes; and

• Concern over affordability. 
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B3.5.2.8 Joint Consultation

To ensure that any potential differences in priorities between the key players are aired and 
considered, regular joint meetings were held with CCWater, EA, DWi, Natural England and 
SEERA. 

The aims of these consultations were agreed as follows:

• To ensure each of the organisations forming the group can provide their input to the 
PR09 process with a good understanding of the issues and positions of the other 
members;

• To endeavour, wherever possible, to achieve mutually acceptable and sustainable 
outcomes;

• To ensure economic, social and environmental factors are taken into account including 
full consideration of water consumers’ views; and

• To ensure regional issues are taken fully into account. 

Although not comprehensive and excluding any conditional statements, the results of the 
above can be summarised in the following table, where • represents a stated support for key 
issues.

Table B3.124 – Key issues raised by key stakeholders during joint consultations

Key issue EA DWi Natural 
England

SEERA

Protect the Environment •

Protection of Water Resources • • • •

Improving Drinking Water Quality •

Reduction in Leakage • • • •

Increased Metering Penetration • • • •

Lead Pipe Replacement • • •

Promotion of Water Efficiency • • •

Free Supply Pipe Repairs • •

Environmental Legislation 
Support

•

Pollution Reduction • •

Addressing Sewer Flooding • •

Provide infrastructure for Growth • • •

Build Resilience in the 
Infrastructure

•

Minimising Carbon Footprint •

Reducing Carbon Emissions • • •

Reduce WTW Flows •

Biosolids Recycling • • •
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B3.5.2.9 Key Opinion Formers

It was felt that the Willingness to Pay survey provided significant information for the PR09 
Draft Business Plan and valuable customer insight.  In order to further our understanding of 
our consumers’ priorities, we wished to engage with other ‘representatives’ of our customers. 
We therefore commissioned a survey of Parish Councils, who we believe to be close to the 
issues and concerns of our customers and whose views we consider should be taken into 
account in our Draft Business Plan

Although respondents seem to have issues with identifying Southern Water as a corporate 
entity, overall they appear to be quite happy with the current level of service for each of the 16 
attributes shown in the graph below. Only leakage was considered to be high priority or 
greater for immediate improvement. All the other attributes, with the exception of chemical 
and safety standards of drinking water, were low to high priority, indicating that, while the 
service could do with some improvement, this was not urgent. 

Figure B3.125 – Priorities for investment

B3.5.2.10 Summary of Stakeholder Views and Support

Analysis of all available data relating to consumers’ priorities and desired level of service 
perhaps unsurprisingly shows a need to concentrate and in some areas improve the services 
that directly affect customers on a day to day basis, such as sewer flooding, odour from 
treatment works, tap water quality and interruptions to supply. Results indicate that there is 
also growing awareness of the environment and the need to protect it by, for example, 
reducing pollution incidents and carbon emissions.  

The results show that on the whole and across the different segments of our consumer base, 
customers are satisfied with the current level of service provided by Southern Water. 
However, there remain a number of service areas where they would like to see 
improvements.  Based on the findings of the Willingness to Pay research, key opinion former 
survey, continuous customer research and verbal and written complaints analysis, the key 
service areas where customers expressed significant dissatisfaction or identified the need for 
improvement are summarised below:
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Table B3.126 – Summary of areas for improvement

Verbal 
Complaints

Written 
Customer 

Complaints

Continuous 
Customer 

Survey

KOF 
Survey

WtP 
Survey

Drinking Water Quality • • • •

Water Restrictions • • • •

Leakage • • • •

Pressure • • •

Interruptions • •

Sewer Flooding Surcharge • • • •

Odour • • •

River Quality • •

Greenhouse Gas Emissions • •

Value for Money • • •

As previously referenced, full details on the above stakeholder involvement can be found in 
Part C1. 

A summary at the end of each section of this document explains how the proposed 
investment addresses customer priorities. However, Table B3.127 provides an overall 
summary of customer priorities and how we are addressing these in our plan.

Table B3.127. Summary of customer priorities and how they are being addressed

Attribute Customer View Business Plan Proposal

Drinking Water Quality – colour 
taste and smell

Supportive of improvement to 
water aesthetics

2 large schemes to address 
discolouration

Drinking Water Quality –
chemical and bacti compliance

Already high quality, not 
supportive of significant 

improvements

Only address deterioration in 
current performance (crypto)

Green house gas emissions Supportive of ‘saving the 
planet’

11 Schemes to reduce carbon 
emissions

Pollution Moderate priority Increased expenditure on 
sewerage maintenance to achieve 

a 6% improvement

(expenditure represents a reduced 
value over that supported by WtP) 

Odour from treatment works Moderate support 4 site specific schemes 

Water restrictions Supportive of a reduction in 
frequency of events

Manage demand by metering and 
scheme for additional abstraction 

volume

Sewer Flooding Supportive , although less 
supportive of addressing 

internal flooding

Reduced rate of improvement from 
current levels
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Attribute Customer View Business Plan Proposal

River water quality Minimal support Delivery of legislatively driven 
schemes only

Bathing water quality Minimal support Delivery of legislatively driven 
schemes only

Water pressure Minimal support No improvements over current 
performance

Supply interruptions Minimal support No improvements proposed over 
current performance

Leakage Highly supportive Aiming to improve against current 
leakage level

Level of bill Support for bill increases of 
up to £30 year

Proposed bill increase less than 
that determined acceptable from 

WtP customer research

B3.5.2.11 Reporter Involvement

Southern Water’s Reporter, Halcrow Management Sciences (HMS), have been involved in all 
the stages in the development of the Business Plan. This we believe has led to the 
opportunity for challenges throughout the whole process and full visibility of the technical 
approach taken to Asset Management Planning for this Price Review. 

The Reporter involvement has included coverage of the following topics,

• Site visits to a wide range of operational sites

• Attendance at expert panel reviews

• Demonstration of databases (depth of data)

• Full visibility of cost build up processes

• Presentation on the model logic utilised in the Common Framework analysis 

• Full utilisation of the audit process

We have made our own personnel and those of our consultants and contractors available for 
the audit process.

We have welcomed their involvement, expertise, and the challenges they have raised. These 
challenges have benefited the FBP process.

B3.5.3 Leadership, Policy and Strategy

B3.5.3.1 Management Structure

Southern Water is committed to continuous improvement in its approach to Asset 
Management Planning and our management structure is aligned to achieve this goal.

The company is organised as an Asset Owner-Manager-Operator within its management 
structure to ensure long term stewardship of its asset base, shown graphically in Figure 
B3.128:
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Figure B3.128. Organisational diagram of Asset Owner-Manager-Maintainer model

The structure above is designed to provide accountability throughout the business for the 
operation and maintenance of our asset base.

More detail on the structure of each of the three Directorates above is provided in Figure 
B3.129 below:
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Figure B3.129. Departmental Structures within Southern Water relevant to Asset 
Management
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All staff within the business that impact on the Asset Planning process have detailed role 
profiles that include their responsibilities in respect of asset data collection, analysis or other 
asset management activities. The company employs suitably qualified and experienced staff 
to undertake these roles. Where gaps are identified in individual skills against the 
requirements of the particular role, training or other developmental activity is undertaken to 
ensure that the company is able to deliver effective and efficient Asset Management.

Below is a summary of the key roles and responsibilities of individual positions within 
Southern Water that relate to Asset Management Planning.

Chief Executive: Integrating Asset Management activities with the needs of the rest of the 
business, meeting shareholder expectations.

Asset Director: Setting high level Asset Management Policy and direction, efficient and 
effective management of the capital programme

Asset Needs Manager: Co-ordination of asset plans across Southern Water, data 
management within Southern Water.

Asset Policy Managers: Setting policy for asset standards, maintenance standards, 
standard asset definition.

Area Plan Managers: Maintenance of long term local asset plans, integration of asset 
performance data into asset plans.

Operations Director: Providing operations and maintenance services to the business and 
ensuring that details of work undertaken by the Directorate are recorded for use by the 
remainder of the business, ensuring that compliance with legislative quality standards are 
achieved through operational activities.

Operational Staff: Undertaking of maintenance and operational tasks, Data collection via 
feedback from operational tasks.

Regulation Director: Ensuring delivery of capital programme to meet regulatory output 
requirements, management of regulatory interface.

Heads of Water/Wastewater Strategy: Setting corporate policy in relation to each of the 
services.

Strategy Service Area Managers: Identify legislative drivers affecting business operations, 
Representation of the company at industry groups to identify best practice.

B3.5.3.2 Strategic Direction Statement

Our approach to Asset Management Planning is driven by the objectives set out by the Chief 
Executive Officer in out Strategic Direction Statement in 2007. These are listed below:

• Provision of resilient services to customers in a changing environment

• Facilitate sustainable growth

• Recognised as best value for money

In compiling this Asset Investment Plan, we have built on these objectives, together with the 
priorities given by our customers and other stakeholders to provide a coherent plan for the 
next 25 years.

B3.5.3.3 Asset Management Policy

Southern Water is currently working towards accreditation with PAS 55, to demonstrate its 
commitment to achieving best practice in Asset Management. As part of this project, and to 
help focus the AMP5 preparation, we have produced an Asset Management Policy. The 
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Policy is aligned to the objectives set out in the Strategic Direction Statement and will be 
periodically reviewed. A copy of the Asset Management Policy is included below for 
information.
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The Asset Management Policy is endorsed by the CEO and is prominently displayed at 
Company sites and has been briefed to all employees. As can be seen from the document, 
the objectives are consistent with those set out in our SDS and drive the activities outlined in 
this Business Plan. The requirements of the Policy are that company obligations are met in 
regards of Health and Safety, Environmental compliance and Quality. The Asset Management 
Policy is integrated with the other company policies covering those areas and representatives 
from within Southern Water who own these policy areas have been engaged in the Asset 
Planning process to ensure that policy objectives have been achieved.

As part of our PAS 55 accreditation, we are planning to use our existing business documents 
to satisfy the requirements of the specification. The following diagram explains how we have 
linked our Business As Usual documents together to form a consistent set of documents for 
PAS 55:

Manual 
Structure

PAS 55 
terminology

Aim of Level
Example 

Document
Responsibility

Level 1 Policy Policy

High level overview of 
approach based on Long 
Term (25 years) Strategic 
Direction Statement

Asset Mgt Policy Doc
Asset Needs 
Manager

Level 2 Strategy Strategy
Medium Term (5 years) 
approach to meet strategic 
direction

Business Plan Corporate Strategy

Level 3 Targets Objectives Provide overview of targets Target document Corporate Strategy

Level 4 Plan Plan
Short term (1 year) approach 
to meet targets and strategic 
direction

Policy Manager

Level 5
Process and 
Procedures

Supporting information

Figure B3.130. Alignment of Company documents with PAS 55

As can be seen from the above figure, we are using the Business Plan documents as our 
Asset Management Strategy to achieve PAS 55. This is because this document, together with 
the other constituent parts of the plan represents our view of how we will achieve our SDS 
and asset management objectives.

Level 2

Level 3

Level 4

Level 5

Level 1
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B3.5.3.4 Investment Objectives – Sewerage Service Area

Table B3.131 below shows the investment objectives applied by Southern Water for the long 
term stewardship of its assets. The table shows the objectives applied to each asset type, the 
source of the data to support the analysis and how future performance is forecast. This 
represents the approach taken for day-to-day asset planning as well as the preparation for 
regulatory price reviews.

In each case our planning objective is to maintain stable serviceability with regard to each 
aspect of service and asset performance listed in the Planning Objective column, and to 
improve serviceability where this can be achieved without additional cost or where any 
additional cost is supported by customer Willingness To Pay.

The Serviceability Forecasting column gives the categorisation of our analysis approaches 
using the categorisation system provided in the UKWIR Common Framework Review

6
. The 

two categories of approach we have applied are amongst those assessed as being Most 
Successful at PR04 from the viewpoint of Ofwat, the companies and the project contractors.

Table B3.131. Investment objectives – sewerage service 

Asset 
Category

Planning Objective Asset Observations 
and Serviceability 

Data

Serviceability 
Forecasting

Wastewater 
Treatment 
Works
(372)

Compliance with EA 
consent conditions

Sustainability 
(headroom)

Compliance with H&S 
Legislation 

Effluent quality 

Sludge quality

Maintenance 

Asset condition

Component failure

Customer complaints

Costs     

Service modelling with 
repairable and non-
repairable failure 
modes  

Wastewater 
and Surface 
Water Pumping 
Stations
(2101)

No of flooding 
incidents

No of pollution 
incidents

Compliance with H&S 
legislation

Condition inspection

Bacti analysis

Customer complaints 

Costs

Service modelling with 
repairable and non-
repairable failure 
modes

Sludge 
Treatment 
Centres
(19)

Compliance with SSM

Compliance with 
CoP’s and legislation

Sludge quality

Maintenance 

Asset condition

Component failure

Customer complaints

Costs

Service modelling with 
repairable and non-
repairable failure 
modes

Sewerage 
System
(21,410 km)

DG5 ‘at risk’ 
properties

No of internal flooding 
incidents

DAP’s

CCTV inspections

Sewer collapses 

Maintenance

Service modelling with 
repairable failure 
modes

  
6 UKWIR, Capital Maintenance Planning Common Framework: Review of Current Practice, Ref: 05/RG/05/14, ISBN: 
1 84057 395 3, 2005
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Asset 
Category

Planning Objective Asset Observations 
and Serviceability 

Data

Serviceability 
Forecasting

No of external 
flooding incidents

No of blockages

No of pollution 
incidents

Customer complaints

Costs

Table B3.132 below demonstrates how these objectives align with those set out in our SDS:

Table B3.132. Alignment of Asset Planning Objectives (Sewerage Service) with SDS 
Objectives

Asset 
Category

Planning Objective Alignment with SDS Objectives

Compliance with EA 
consent conditions

“Provision of resilient services to customers in a 
changing environment”

“Facilitate sustainable growth”

Sustainability 
(headroom)

“Facilitate sustainable growth”

Wastewater 
Treatment 
Works
(372)

Compliance with H&S 
Legislation

“Provision of resilient services to customers in a 
changing environment”

No of flooding 
incidents

“Provision of resilient services to customers in a 
changing environment”

“Facilitate sustainable growth”

No of pollution 
incidents

“Provision of resilient services to customers in a 
changing environment”

“Facilitate sustainable growth”

Wastewater 
and Surface 
Water Pumping 
Stations
(2101)

Compliance with H&S 
legislation

“Provision of resilient services to customers in a 
changing environment”

Compliance with SSM “Provision of resilient services to customers in a 
changing environment”

“Facilitate sustainable growth”

Sludge 
Treatment 
Centres
(19)

Compliance with 
CoP’s and legislation

“Provision of resilient services to customers in a 
changing environment”

“Facilitate sustainable growth”

DG5 ‘at risk’ 
properties

“Provision of resilient services to customers in a 
changing environment”

“Facilitate sustainable growth”

Sewerage 
System
(21,410 km)

No of internal flooding 
incidents

“Provision of resilient services to customers in a 
changing environment”
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Asset 
Category

Planning Objective Alignment with SDS Objectives

No of external 
flooding incidents

“Provision of resilient services to customers in a 
changing environment”

“Facilitate sustainable growth”

No of blockages “Provision of resilient services to customers in a 
changing environment”

No of pollution 
incidents 

“Provision of resilient services to customers in a 
changing environment”

“Facilitate sustainable growth”

Overall Planning across sewerage 
assets

“Recognised as best value for money”

B3.5.4 Reporting

We measure the service we provide to our customers and the environment and the 
performance of our assets throughout the business using OFWAT Serviceability Indicators 
and a range of other measures. An outline of the typical measures reported in relation to the 
sewerage service are given below:

Service Measures:

• Effluent compliance

• Pollution incidents

• Customer service DG measures

• Odour reporting

• Information related to sewer flooding from the DG5 database

Asset Performance Measures:

• Sewer Blockages

• Sewer Collapses

• Rising Main Bursts

• Sludge treatment and disposal

• CHP Performance

• Unplanned non-infrastructure maintenance

Other Asset Management Measures:

• Capital Programme progress

• Asset Revisions

• Unknown Asset Tasks (incomplete asset desription)

• Completion of Planned Work To Schedule

• Planned Work Backlog

• Maintenance Tasks ( (incomplete asset )
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• Planned Work Durations

• Reactive Work Fault, Cause and Action Codes – Unknown and Not Populated

• Reactive Work Orders Closed at Component Level

• Repeat Reactive Work

It can be seen from above that there are a number of measures that are reported that provide 
a forward-looking indication of service and asset performance. For example, by tracking our 
performance on planned asset maintenance, we are aiming to ensure that the number of 
asset failures are minimised, to reduce the potential for DG5 incidents.

Asset performance is also able to be viewed spatially. We have recently developed an 
intranet based system called the Asset Performance Portal that receives data from our 
corporate systems and is able to plot this data spatially to facilitate the visualisation of service 
and asset performance. This tool is available to all members of staff involved in the Asset 
Planning process, including Directors. An example screenshot of the portal is given in Figure 
B3.133.

Figure B3.133. Screenshot of Asset Performance Portal

Our Service and Asset Performance indicators are reported by Senior Managers to our 
Executive Management Team (EMT) monthly. The EMT includes the CEO. A range of high 
level indicators are carried through to the Board reports that are presented to the main 
Southern Water board each month. Those relevant to the sewerage service are outlined in 
Table B3.134 below, together with the links to the EMT reported measures.
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Table B3.134. Sewerage service measures reported to the Southern Water Board

Measure Reported to Board Linked EMT Measures Comments

Sewer Flooding EMT Report includes more 
details of properties affected.

Sewer Flooding

Planned Maintenance 
completed

Pollution Incidents Pollution Incidents

Sludge Disposal Sludge Disposal

Consent compliance Consent compliance

We also run quarterly reporting to mirror the June Return reporting process. These reports 
are sent to the EMT and use data from the same systems and the same reporting processes 
as those used for the formal annual return to OFWAT.

With such a comprehensive set of measures being reported through the business on a 
regular basis, our Directors are able to take well informed management decisions. For 
example, our reporting demonstrated during AMP4 that maintenance activity on sewerage 
non-infrastructure assets was required to mitigate a risk of deteriorating serviceability. Our 
Directors were able to act on information provided to them to increase the level of 
maintenance undertaken.

B3.5.5 Company Process for Asset Maintenance 

Figure B3.135 below provides a flow chart of showing the approach used by Southern Water 
for managing its programme of Asset Maintenance.

The process is based on our historical asset data which we use to monitor service and asset 
performance against a range of indicators.

The process reinforces the roles described earlier in this document of the Asset Planning
Managers who maintain Area Asset Plans to mitigate identified risks to serviceability. By 
using the output of the forward-looking serviceability models, the interventions selected by the 
Common Framework analysis, and information on Growth and Quality drivers in the area, 
they can identify a range of possible interventions. If costs are not already available from the 
Common Framework analysis, these interventions are costed using our SWET tool (compiled 
from actual cost data), the optimal solution (based on its cost effectiveness) is selected for 
intervention, and is implemented through our existing framework contract for capital project 
delivery or by operational intervention via an Ellipse work order.

The new or refurbished asset is then updated in Ellipse and forms part of the ongoing 
monitoring process.

More details on these systems and processes and how they have been applied in planning for 
AMP5 and beyond are explained throughout the remainder of this document.

Figure B3.135. Southern Water Asset Planning Process (following page)
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B3.5.6 Balance

This section describes the approach taken to balance our risk against potential effects on our 
customers bills.

In this document, Southern Water outlines a programme of Capital Maintenance works to 
achieve stable serviceability risk. We are aware that the investment proposed in this area of 
the capital programme is significantly above our historic levels of expenditure for water supply 
works, and combined with investment proposed in other areas (Quality and Supply/Demand 
Balance), will impact on customer bills during AMP5. However, the company has taken steps 
to mitigate this impact where possible, as described below:

• Planning for stable risk rather than risk reduction: Our Common Framework analysis 
applies a “stable risk at least cost” planning objective and provides a central estimate of 
the maintenance required to achieve this. There is no intention to reduce the level of risk 
in any area of serviceability except where this is the least cost option, or where justified 
by WtP

• Balancing Risk: In some areas (for example sewer flooding), we have decided to phase 
investment over two AMP cycles to prevent bills from rising to unacceptable levels in the 
medium term. In AMP5 we will apply the most cost-beneficial interventions first to balance 
the effect of the extended phasing.

• Limiting effects on Customer Bills: We are aware of the effects of large increases in 
capital expenditure on our customers bills and have constrained the volume of investment 
in some areas of our programme where we believe we are able to manage the risks in the 
medium term, without impacting our ability to meet legislative or growth requirements.

• Listening to our customers views: As we have described earlier in this section, we have 
undertaken a comprehensive process of stakeholder consultation, including our paying 
customers. They have highlighted a number of priority areas for us to address into the 
future and we have aligned our planning objectives to this feedback. 

• Phasing of the plan: Our investment proposals are phased as evenly as possible 
throughout the AMP5 period to avoid large fluctuations in customer bills

B3.5.7 Corporate Management of Risk

This B3 section of our Final Business Plan demonstrates how we have applied risk-based 
analysis to forward planning of our capital maintenance requirements. We have used the 
concept of serviceability risk to derive our future investment requirements, taking into account 
changes in asset performance over time and their expected effect on future serviceability risk. 

Risk is quantified by combining a measure of the likelihood of as asset to fail with a measure 
of the severity of the consequences of failure and the probability that different severities will 
occur. The detailed method by which risk is calculated varies according to the particular risk 
analysis method which itself varies according to asset type.

In this document, all forecasts of risk are shown relative to the level of serviceability risk 
expected to prevail at the end of the AMP4 period in each area of serviceability. This is 
considered to be our baseline risk level.

The approach taken at PR09 to serviceability risk across all asset types with the exception of 
wastewater treatment works is a change from the methodology used at PR04. For wastewater 
treatment works, we have developed our approach using FMECA to improve the quality of our 
risk forecasts for these assets.
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During the AMP5 period we are planning on further integrating our PR09 approach to 
serviceability risk with our business as usual management processes, to complement our 
existing risk management process.

Southern Water actively manages risk within the business currently, using an intranet-based 
tool called Xerorisk. Managers from across the business can enter risks using a standard data 
entry form. A likelihood rating is assigned, together with a consequence assessment for a 
range of financial and operational impact measures:

• Financial Impact
• Reputation Impact
• Health & Safety
• Security of Supply Impact
• Legal, Regulatory  & Environment

The likelihood and each of the impact criteria are scored 0-5 (where 5 is the most likely and 
highest impact) and the highest impact score is multiplied by the likelihood score to give the 
total risk. Risk is therefore measured on a scale of 0-25.

Risks scored as 16 or over are reported monthly at Directors’ team meetings and are 
discussed with their senior managers. Risks assessed with a score of over 20 are reported 
monthly to the Executive Management Team. Any risks that are considered to require specific 
discussion by the EMT or Board are also raised as appropriate at EMT.

The Board takes risk management very seriously and as a result, risk is reviewed separately 
by the Audit Committee (a sub-committee of the main Southern Water Board). This ensures 
that risk is given the necessary focus at Board level. The Audit Committee has visibility of the 
EMT reports on risk but also has the ability to request reports on any risk entered in the 
Xerorisk database. This ensures complete transparency of risk management throughout the 
business from Board level.

There are currently 396 risks in the system (at March 2009). These are categorised as 
follows:

• Raised risks – those recently notified and yet to be dealt with;
• In Progress risks – those with owners assigned and mitigations being developed; and
• Controlled risks – those with mitigations developed and applied.

Figure B3.136 below shows how all risks are distributed across a risk matrix.

Probability
All Risks

1 2 3 4 5

5 9 17 4 1 0

4 3 32 76 6 1

3 6 69 73 30 1

2 1 22 22 15 4

C
o

n
s
e
q

u
e
n

c
e

1 1 1 1 0 1

Figure B3.136. All current risks shown by Probability and Consequence
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The risks are split across categories as illustrated in Figure B3.137:
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Figure B3.137. Types of risk by risk level in Xerorisk

At March 2009, the eight highest risks related to operational issues, legislative compliance, 
income and PR. Through Xerorisk, each risk has been assigned an owner at Director or 
Senior Manager level responsible for ensuring that the risk is addressed. As risks are 
eliminated or managed by the business, they can be marked as “closed” within Xerorisk.

Xerorisk also captures Issues. These are defined as Risks that have materialised and require 
management to resolve or mitigate the effects. There are relatively few Issues logged in 
Xerorisk compared to the number of Risks (currently 26 Issues and 396 Risks). This reflects 
the success of our proactive management of risk.

We also monitor our risk related to compliance with consent standards and water quality 
standards. Monthly performance against these measures is reported to EMT and the Board. 
Sites with existing failures or possible failures against look-up table consents (“critical works”) 
are highlighted for operational action or urgent investment. An example of this reporting is 
given in Figure B3.138 below.
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Figure B3.138. Example of an internal report showing risk of failure of Look-up table consent 
standards at wastewater treatment works (Critical works are those that are 1 sample failure 
away from a consent failure based on look-up table allowances)

A quarterly assessment of wastewater treatment works compliance against the Urban 
Wastewater Treatment Directive (UWWTD) is also completed and reported to EMT and 
example is shown in Figure B3.139 below.
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Figure B3.139. Example UWWTR compliance report

[Explanation -Those sites with a high compliance risk index are plotted with the bubble size 
proportional to the population served. The horizontal position of the bubble shows the CRI 
value, the closer the bubble is to the left, the higher is the CRI value. The vertical position of 
the bubble shows deterioration or improvement over 3 years. Bubbles that appear above the 
0 point on the y-axis indicate deteriorating quality.]

Site audits and process improvement plans are generated for any site considered at risk 
against these measures to ensure that we manage our compliance risk proactively.

Our current risk management processes are either compliance based or reliant on business 
managers raising risks individually. Our PR09 approach to managing risk is a detailed bottom 
up approach based at asset level. Using this approach we are able to quantify our forecast 
level of serviceability risk compared to our current levels. During AMP5, we will integrate 
these two approaches to ensure that our business as usual approach to risk matches our 
business planning approach.

B3.6 Overall Approach to Capital Maintenance Planning –
Sewerage Service

This section describes the management, systems and processes used for Capital 
Maintenance Planning for wastewater assets.

B3.6.1 Management

The Company structure was outlined in Section B3.5.3.1. 

Southern Water has outsourced a number of activities in the Asset Management Planning 
process.

Service and Asset Performance analysis is undertaken by Atkins on behalf of the Asset 
Needs Team. Atkins’ brief is to undertake a range of historic and forward-looking analyses 
based on current and historic Southern Water data and recommend interventions to the Asset 
Needs Team via Area Plan Managers. During AMP4, Atkins, on our behalf, have developed a 
visual tool to assist in the assessment of service and asset performance. An example is 
shown below:
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Tata Consulting Services (TCS) undertake administration of the Ellipse Asset and Work 
Management System. This involves implementing business processes to update asset data 
from field based staff and making adjustments to maintenance regimes as directed by 
Southern Water based on Atkins analysis.

Performance of Atkins and TCS is regularly monitored to ensure that our business processes 
are being properly followed and that levels of service are achieved.

The organisational structure employed in Southern Water is designed to ensure that all asset 
needs for the wastewater service are captured by a single person who is responsible for 
overseeing all assets within a geographical area. The process outlined above is used for day-
to-day capital maintenance planning and also forms the basis of five-yearly business planning 
adhering to the Common Framework principles. The Asset Plan Managers also integrate 
projects to address Growth and Quality issues to ensure that all interventions at a site are 
addressed in the most efficient way possible and that overlaps between different investment 
areas are identified and addressed.
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B3.6.2 Processes

This section describes company processes of relevance to asset management. The key 
processes are shown in the diagram below:

Whole-company 
forward-looking 

analysis

Implementation
Area Asset 
Planning 
process

serviceability 
forecasts and 

optimal 
interventions

optimal 
interventions
(integrated

and developed)

implemented interventions, benefits achieved, lessons learned

B3.6.2.1 Whole company forward-looking analysis

Working with our consultants Tynemarch we have developed forward-looking risk-based 
models of the performance and service impacts of our asset base, covering the principal 
asset groups within both infrastructure and non-infrastructure. These serviceability models are 
used together with comprehensive cost models covering interventions and failure-related 
costs within a formal optimisation to select the set of interventions which will meet the 
planning objective. 

With the exception of sewerage infrastructure, the cost-effectiveness planning objective has 
been applied which identifies the interventions that will maintain stable serviceability at least 
net cost. For sewerage infrastructure the cost-benefit planning objective has been applied to 
identify the additional interventions that will yield improvements in serviceability for which 
customers are willing to pay.

The modelling and optimisation approaches applied are best in class and take account of 
(and in many cases go beyond) relevant UKWIR research and good practice guidance.

B3.6.2.2 Area Asset Planning process

The outputs of the whole-company forward-looking analysis feed into the Area Asset Planning 
process. This process takes the serviceability forecasts and optimal interventions for each 
area and considers these alongside more detailed local information and knowledge that 
cannot be considered at a whole-company level. Interventions across all investment drivers 
are considered together and developed where possible into more cost-effective integrated 
interventions. The Area Asset Planning process also provides opportunity for further data 
collection, studies and investigations at a local level, to ensure that the best solution is 
identified.

The outputs of the Area Asset Planning process are brought together in Area Asset Plans, 
which are owned by Area Plan Managers. 

A description of the Area Asset Planning process and its inputs is shown below:
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Figure B3.140. Area Asset Planning Process

Within the Area Asset Planning process we have developed three processes for the 
prioritisation or ranking of assets and associated schemes to ensure a continued focus on the 
most cost-effective solutions. These rankings are kept “live” from data extracted from our 
corporate data set which includes significant amounts of historic data from which trends can 
be derived. The three rankings are:

• Needs ranking. Each asset group is assessed according to its role in contributing to 
actual or potential serviceability failures. High priority assets identified by this process will 
trigger an investigation.

• Scheme Ranking. Each intervention is ranked taking into consideration its cost 
effectiveness in achieving benefits for serviceability and other business and regulatory 
outputs. These prioritised schemes will be grouped by business needs to ensure 
schemes are available to meet the Company targets.

• Portfolio Selection. The top ranked schemes from each of the Scheme Ranking areas 
are brought together in a higher level prioritisation tool. Microsoft Portfolio Server is used 
to prioritise against business drivers and cost effective assessments across all the 
disciplines and scheme types in order to develop a programme that will deliver the best 
value schemes and meet the business targets. 

Scheme ranking by cost-effectiveness considers not only the initial capital cost of the scheme, 
but all capital and operational cost impacts over its life, relative to the no intervention option. 
This time-series of costs is converted to an NPV for inclusion in the prioritisation and scheme 
selection process. Costs are generated from the SWET database, based on actual costs 
incurred and using the same data applied to the Cost Base submission. 

The Area Asset Planning process also includes the use of hydraulic network modelling to 
forecast the future serviceability of wastewater infrastructure assets as a result of hydraulic 
inadequacy. Alternative future scenarios are considered such as those associated with 
climate change or new development, in order to determine the expected impact of the 
resulting changes in flows. 
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Completed schemes are assessed to check that they have addressed the deficiencies 
identified and any lessons learned are fed back into the live asset prioritisation process.

B3.6.2.3 Asset Maintenance

Southern Water has a mature approach to Asset Maintenance. Our Ellipse system (explained 
below) contained maintenance regimes for all maintainable assets. Our maintenance policies 
and procedures which are used by Operations staff to carry out their maintenance activities, 
are available on our intranet and are kept under review by Asset Policy Managers for each 
asset type and are in continuous use by Operations staff as they carry out their maintenance 
activities. 

B3.6.2.4 Capital Expenditure Approval

Southern Water operates a robust process for the approval of capital expenditure and 
tracking of each project through its lifecycle. The Investment procedures and approval stages 
aim to ensure that outputs are delivered to time and budget.  The framework for control of 
capital expenditure is set out in the company Financial Instructions (FNI) which are 
supplemented by the Approval Stage Procedures (ASP) and other detailed procedures 
available to all staff via our intranet.

These procedures are mandatory throughout the life cycle of the project and cover all capital 
investment across the whole Company.

Once an intervention has been demonstrated to be consistent with the planning objective and 
has been sponsored by a manager within the business and a scheme has been confirmed to 
be included within the five year investment programme, initial proposals are prepared via the 
production of a project brief. Approval is sought to undertake scoping and feasibility work 
through preparation of an Approval Stage A (ASA) proposal paper which fixes the agreed 
scope. Once firm proposals are developed and the solution defined further approval is sought 
to proceed into procurement/construction, through an Approval Stage B (ASB).  Forms are 
accompanied by a standard report (templates are held on our intranet).

Table B3.141. Capital Expenditure Approval Process

Investment Proposal Paper Definition

Approval Stage A (ASA) Approval of Project/Scheme Scope.

Authorisation of Investigation Budget.

Approval Stage B (ASB) Approval of Project/Scheme Solution.

Authorisation of Total Capital Budget.

Approval Stage 5 (AS5) Award of Contract

Approval Stage C (ASC) Project/Scheme Takeover

Approval Stage D (ASD) Project Completion/Review

Approval Stage E (ASE) Cost Centre Closure
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At all stages through a project life cycle, no expenditure or commitment to expenditure may 
be made that exceeds the current ASA/ASB budget approval level boundaries (£50k or 10% 
whichever is the lesser). Any scope changes or requests for additional budget must be sought 
prior to any commitment via a revised ASA/ASB.

B3.6.2.5 Financial Monitoring

Once a scheme/project has received ASA approval a cost centre is opened and a Project 
Manager appointed.  From that point to scheme/project completion, the Project Manager is 
responsible for all costs associated with the project and reports monthly on actual 
expenditure, cashflow, accrual for work done but not yet paid, and a profiled estimate of cost 
required to complete the project.

The Investment Team collate this data and report monthly to Investment Committee and 
Southern Water Board on current progress against the investment programme.  These 
reports include:

• An overview of current year expenditure and forecast spend for the current year.

• Details of major projects, identifying any changes from previous months.

• An assessment of the impact of scheme/project changes upon the five year capital 
programme together with the regulatory impact of the change.

• An assessment of likely spend in the current year identifying any remedial measures that 
may be required.

• A summary of current and forecast cash flow.

The Investment Committee reviews and approves the Approval Stage (AS) papers and 
includes a number of senior managers and the CEO.

B3.6.2.6 Regulation Strategy Steering Group

Southern Water considers the submission of its five-yearly business plans to OFWAT as a top 
priority. As a result, we have a Regulation Strategy Steering Group (RSSG) to drive the PR09 
process from Board level. The RSSG includes the Chairman, the CEO, the Finance Director, 
the Regulation Director, two non-executive Directors (representing our shareholder) and an 
independent economics consultant. Outside of the Price Review process, the RSSG is the 
lead group within the business for managing regulatory issues affecting Southern Water.

Figure B3.29 shows how the RSSG fits in to the Southern Water structure for developing 
PR09. This illustrates how the PR09 planning process has been driven from the top of the 
business by the Board and that individual work elements required for the PR09 submission 
are owned by Directors to ensure delivery against the corporate objectives.
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Figure B3.142. Leadership structure for PR09

B3.6.3 Systems

This section explains our corporate IT systems for capturing asset, serviceability and cost 
data which are used for day-to-day business planning and as the basis of our whole-company 
forward-looking analysis. A diagram showing the main corporate systems used as reference 
for the Area Asset Planning process and the linkages between these systems is shown in 
Figure B3.143. 

Figure B3.143. Linkages between Corporate Data Systems used for Asset Management 
Planning (following page)

Board

Regulatory 
Committee

Regulation Strategy 
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PR09 EMT Steering Group
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Southern Water holds its basic asset information in three main repositories as follows:

Catalogue – to ensure consistent site referencing (section B3.6.3.1) 

Ellipse – to store above ground asset data and manage proactive and reactive asset 
maintenance (section B3.6.3.2)

GIS – to store below ground asset data (section B3.6.3.3).

Subsequent sections then describe our Customer Services Management System (section 
B3.6.3.4), our cost database (SWET, section B3.6.3.5), our E5 Financial Information and 
Management System (section B3.6.3.6), the fixed assets register maintained by our finance 
team (section B3.6.3.7), plus a number of other data systems (section B3.6.3.8).

B3.6.3.1 Catalogue

This database holds a basic record of all the Site Units and groups them by both Site Unit 
Groups (e.g. catchments, overflow groups) and Organisational Groups (e.g. process team 
areas). The database provides a basic referencing system (Site Unit Number) and naming 
convention (Site Unit Title) which is referenced by other asset related databases and asset 
management processes (e.g. grouping costs at site level).

The database currently contains around 7500 Site Units and has been in use since 2000. 

B3.6.3.2 Ellipse

This database holds basic information relating to the above ground assets for all operational 
sites for both M&E and Civil structures. Assets are stored in a hierarchy at both equipment 
and component level. Static asset information is recorded against the asset nameplate (e.g. 
make, model, serial number, date installed etc). New assets are directly recorded in the 
system by service providers contracted to Southern Water to install equipment and construct 
extensions to the assets. In addition updated asset data is collected by operational staff 
during routine operational activities via handheld devices (Field Device Collection System, 
FDCS). This data is stored in an intermediate database (Field Data Manager, FDM) for 
validation by the service provider before being entered into Ellipse.

Planned maintenance jobs (both for above and below ground assets) are set up in Ellipse by 
a service provider as Maintenance Scheduled Tasks (MSTs) as defined by the Maintenance 
Evaluation Table (MET) held in the Maintenance Task Manual (MTM). Reactive Tasks are 
created in Ellipse and dispatched via the Regional Control Centre (RCC) as a result of 
telemetry alarms or incidents reported by operational staff, public and others. In addition all 
work dispatched to term contractors is send as a work orders in Ellipse so that it can be 
recorded against the relevant assets or group of assets. A record of work carried out on the 
asset base for both above and below ground assets is recorded in Ellipse. 
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Ellipse Hierarchy Example of Hierarchy Level of Work Order

Level 1 Site Ford

Level 2 Process Type Sludge

Level 3 Process De-watering

Level 4 Equipment Set Centrifuge Planned maintenance

Level 5 Component Gearbox Reactive maintenance

Rationale When Ellipse was established the hierarchy was established to 
enable the organisation to understand the performance of its 
assets to a level where it could make informed decisions.

Advantages ü Manageable number of MST tickets

ü Able to understand the nature of specific failures

ü Improved Whole asset life understanding

ü Appropriate level for deterioration modelling and 
intervention understanding

ü Meets Legislative requirements to record at specific levels 
(DSEAR)

Figure B3.144. Asset hierarchy in Ellipse

A COGNOS datamart is used to extract data for subsequent reporting and analysis in a range 
of asset management processes including forward-looking serviceability modelling. For 
infrastructure assets this data can be further displayed in desktop mapping systems 
(MAPINFO) for analysis geographically. 

Lev

el 1

Level 2

Level 3

Level 4

Level 5
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The database contains 275000/142000 component/equipment sets and over 1.75m work 
orders. Ellipse has been in use since 2001 and also contains data imported from the RAPIER 
system which preceded it.

A comprehensive programme of data improvement has been undertaken during AMP4 to 
ensure that work order information is captured at the lowest possible level in the system to 
improve data quality for asset planning. For Work Orders to be correctly linked to a failure 
mode they must be attached at either Equipment Set or Component level. Monitoring has 
improved significantly since PR04 as can be seen from the graph below, which shows a 
significant increase in the proportion of Work Orders being recorded at these lower levels 
since 2005.

Figure B3.145 – Attachment of Work Orders by year and hierarchy level within Ellipse

Data held within Ellipse include:

• Routine maintenance tasks associated the sewerage system (e.g. sewer jetting)

• Reactive work information triggered by telemetry alarms

• Planned and reactive work orders at asset level

Southern Water has a well defined process for updating information on Ellipse if asset data is 
found to be incorrect when a member of Operations visits a site. Information can be updated 
using a paper form (available via the intranet and sent back to Head Office) or via an 
electronic updating system through Operations handheld devices. Historically, the company 
has instigated programmes of targeted data improvements by identifying staff with the best 
and worst records of asset data updating which has assisted in improving data quality.

B3.6.3.3 GIS

The below ground assets data are stored in the GIS system as a series of nodes (points) and 
links (lines and polylines). The data relates to both the water and wastewater networks and 
the system holds the records to STC25 (Standing Technical Committee 25 1974) standards. 
The assets have basic node/link/node connectivity to enable tracing and modelling to take 
place. The Auto Desk Geographic System (ADGS) also contains a range of background 
mapping, catchment polygons, address points and other data used for Area Asset Planning 
processes. In general data is copied from the ADGS system into a MapInfo cache for use by 
desktop mapping systems (MAPINFO) along with other data extracted from systems such as 
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Ellipse, CSMS (Customer Service Management System, SIRF (Sewerage Incident Reporting 
Form) for analysis by the Asset Performance service provider and others. Again many of 
these datasets are used to inform risk and deterioration modelling.

The database holds approximately 600,000 sewerage manholes and 380,000 water main 
nodes along with associated links. The databases have been in existence since the mid 
1980s following digitisation of the records. New assets are added to the database along with 
updates by an outsourced service provider based on data supplied from record drawings, 
requisitions etc linked to MOS423 (Manual of Sewerage form 423). In addition updated data is 
also collected during routine operational activities via mobile GIS units (MGIS). All the GIS 
data is also available to view via an intranet application called MAPGUIDE.

Details provided from this system and used in our asset performance and serviceability 
monitoring and modelling are as follows:

• Year laid (installation date) – within GIS 9% of sewer length were originally assigned a 
year in which they were laid. In order to address this, a sub-project was undertaken to 
determine the age of the sewers in the distribution system. Historical maps were provided 
from which property development dates were estimated; this was used to estimate the 
period in which the sewers were laid. Following this, estimated ages were available for 
over 99% of sewers;

• Material – the GIS system contains the material type for 76% of sewer length;

• Length – the GIS system contains the entire length of the sewerage system;

• Diameter – the GIS system contains the pipe diameter for 88% of sewer length;

Also held within GIS the address point element provides the location of all the properties 
within the region. The GIS system also allows sewer proximity to water courses to be 
determined. This is a key element of the modelling as generally the closer sewers are to 
watercourses the greater the risk of pollution.

Prediction of the extent/risk of flooding is determined by the use of the Landform Profile 
Digital Terrain Model which provides elevation data that was used as part of the modelling of 
flooding and pollution risks.

B3.6.3.4 CSMS (Customer Services Management System)

The CSMS is a key application which records all customer contacts and in particular those 
relating to incidents such as low pressure, flooding etc. The CSMS system is used to provide 
a key reference point for a number of other systems (e.g. SIRF, PIRF). Calls taken by the call 
centre which initiate work are sent to a dispatcher who raises a work order in Ellipse which 
uses the CSMS reference to link the two systems.

CSMS data is used as an input into the Area Asset Plan to analyse incidents in conjunction 
with data held in Ellipse and other systems (SIRF, PIRF, etc.). There are approximately 1.8m 
water records and 1.0m wastewater records used in asset planning from 1996 onwards.

B3.6.3.5 SWET 

The Southern Water Estimating Tool (SWET) was established in 2005 as a system to capture 
actual construction costs during AMP4. It is a database system that holds cost curves for 
approximately 70 types of intervention in Work Breakdown Structures to align with regulatory 
reporting requirements, such as the Cost Base.

The data held in SWET covers costs for water and sewerage interventions, across 
infrastructure and non-infrastructure assets, although there are more items of data covering 
wastewater due to the balance of interventions during AMP4. Intervention costs from all 
projects completed by our framework contractors are provided back to Southern Water to 
update the database.
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The database is managed by a Quantity Surveyor working in the Property department.

Financial Information is currently held in two main repositories detailed below.

B3.6.3.6 E5 Financial System

This is Southern Water's Financial Information and Management System, supplied and 
supported by Cedar Ltd. The system can be divided into six individual modules including 
General Ledger (GL), Purchase Ledger (AP), Requisitioning and Purchasing (POP), Inventory 
Management (IM), Sales Ledger (AR/SI) and Fixed Assets (FA). The system holds details of 
all financial transactions and can be used to drill down to retrieve the cost of maintaining sites 
and sub processes.

Data can be extracted from E5 for use in Asset Planning processes from a Financial 
Datamart.

B3.6.3.7 Fixed Assets

The finance team maintain a listing of all fixed assets based on historic projects and analysis 
of the cost elements relating to new plant and equipment in order to apply depreciation for 
financial accounting. This is linked to E5 as a module. 

The above systems are to be replaced in April 2009 with new SAP based modules which will 
be fully integrated including Financial Accounting, Management Accounting, Fixed Assets, 
Project System, Investment Management, Accounts Receivable and Purchase Order 
processing). There will also be better integration through facilities to import work orders from 
the Ellipse system for improved unit cost modelling.

Additionally there are a number of other corporate data sources that provide valuable input 
data to match the complexity of the modelling, these include

B3.6.3.8 Other Data Systems

In addition to the three main databases Southern Water operates a series of specialist 
applications/systems that are used to record information relating to consents, asset condition, 
incidents etc. Most of the systems above can be linked either using a unique reference (e.g. 
GIS Asset ID, Site Unit Number, Ellipse Work order etc) or via use of geocoding and display 
of the data on a desktop mapping system like MapInfo. Display of asset information 
particularly in relation to network data is used to analyse for clusters and hotspots and enable 
risk profiling to be carried out. This type of analysis is now being developed further via the 
Area Asset Plan process which extracts data from a range of systems and displays it in a 
geographical format with a scoring system applied to both water DMAs (District Meter Area) 
and wastewater LACs (Local Area Catchment).

These and other applications used for Area Asset Planning are indicated on the systems 
chart and are briefly described below (for those used in the sewerage service).
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Table B3.146. Southern Water data systems for wastewater asset planning

Name Description Comments

SCOPE
Scope is a proprietary telemetry 
system with a configurable 
database.

--

PI (Plant Information) PI is an archived telemetry 
database with close links to 
SCOPE

--

CID (Cess Income 
Database)

Regional Cess Database, holding 
details of cess import volumes and 
charges, reception sites and 
contractor details.

---

WSS/WSR (Works 
Scheduling/Reporting 
System)

The scheduling system contains 
information on operator rounds and 
frequent operational activities.

--

EDM (Electronic 
Document 
Management)

Contains electronic copies of 
documents or references to 
archive material stored in paper 
format

Set up in the mid 1990’s 
initially as a drawing 
storage system and 
contains in excess of 
350,000 documents.

SMS (Sludge 
Management System)

Records the details of all the 
Sludge Treatment Centres. It also 
captures the actual operational 
status of the assets (like digesters) 
used in the treatment process.

The system has a facility to 
save and display the legal 
and operational limits for 
different operations 
parameters and STC 
defaults.

OPTIMA/UBS
Key database holding information 
relating to energy use on sites. The 
UBS module is used to check and 
allocate energy bills.

---
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Name Description Comments

SWATSE (Southern 
Water Technical 
Services East)

A wastewater treatment work 
database with modelling functions

It enables process 
scientists to model a works 
and carry out what-if 
analysis.

TEDDI (Trade Effluent 
Discharge Data 
Information)

Regional Trade Effluent Consent 
and Charging Database, holding 
details of all Consented Trade 
Effluent Discharges to Wastewater 
Treatment sites with information on 
Consent Limits and Charging 
arrangements

The system is the basis of 
DG/OFWAT returns for 
Trade Effluent in the 
Region, along with WTW 
catchment COSHH reports.

CALMS(Consents and 
Licence Management 
System)

A record of all current consents 
across Southern Water. 

There are linkages between 
CALMS and the laboratory 
system Sample Manager 
which holds details of all 
tests carried out. CALMs is 
available to staff from the 
ISIS (Integrated Scientific 
Information System) via 
Cognos.

EGIS (Environmental 
GIS)

A system to store and manage 
environmental reports in a 
controlled environment set up in 
the late 1990s.

It is closely associated to a 
store of Environmental 
mapping held mainly in 
MapInfo format.
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Name Description Comments

SIRF/DG5 (Sewerage 
Incident Reporting 
Form)

Records reactive sewerage failures 
(e.g. blockages, flooding, pollution 
etc). The data is linked to CSMS 
records and Ellipse jobs.

The database also holds 
the companies DG5 and 
external flood registers as 
there is a close linkage with
the sewerage incidents.

Asset Miner
Desktop mapping system based on 
MapInfo which enables 
visualisation of data held in 
numerous other systems on maps. 
The data sources include Ellipse, 
CSMS, SIRF, DG5, DG2, DG3 etc.

Tool that uses data from 
other systems

PIRF (Pollution Incident 
Reporting Form) 

Database holds additional details 
on pollution incidents for 
wastewater and water and has 
references to link with CSMS, 
Ellipse and SIRF

The system is used to 
record exchange of details 
with the Environment 
Agency and management 
actions to reduced future 
incidents

DETS (Developer 
Enquiry Tracking 
System)

This holds information relating to 
planning and developer enquiries 
made to Southern Water since 
2003

---

Investigation Tracker
The tracker allows holds 
information about investigations 
being undertaken as part of the 
area asset plan

---

PADLS (Prioritised 
Asset Defect Listing 
System)

Used by service provider to record 
sewerage schemes (repairs, 
replacement etc) for the RCP 
(Regionally Controlled 
Programme). Includes costs

---

INFOWORKS
This database holds all of the 
hydraulic models for the company

There are approximately 
125 wastewater and 35 
water models currently in 
the system covering the 
majority of the Southern 
Water area
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Name Description Comments

INFONET
This is the company’s CCTV 
repository. The database contains 
approximately 165,000 records of 
surveys carried out since 1994

Used by the Asset Team to 
manage CCTV surveys and 
analyse the results mainly 
in a mapping environment.

ISIS
Corporate wastewater quality 
archive ISIS contains all the 
wastewater quality compliance 
data for a period in excess of the 
last 10 years

---

Other data sources include:

• Property locations;

• Land use; and

• Soil data:

- Soil type and description;

- Corrosivity (to Zn and Fe); and

- Shrink-swell potential.

B3.6.3.9 Future Strategy

It is generally acknowledged that whilst it is possible to carry out analysis of the asset base 
using the current suite of applications the data is not currently fully integrated (e.g. 
underground assets held in GIS but work orders held in Ellipse). Better integration of 
the asset databases is planned between 2010 – 2015 via a project to create a single Asset 
Repository and link it to the Back Office financial systems currently being implemented in 
SAP. The strategy is to absorb as many repositories as possible into either GIS or Ellipse 
(SAP) and then fully integrate the two environments. Full details of these and other IT projects 
can be found in section B3.9.

B3.6.3.10 Other Data Sources

B3.6.4 Data Quality and History

Table B3.147 below provides a summary of the data that we collect in relation to Sewerage 
Infrastructure Assets and the length and quality of data available. Specific examples are 
provided elsewhere in this section of how we have taken steps to improve data during AMP4 
in areas where we previously identified gaps.
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Table B3.147. Data Quality Summary (Sewerage Service)

Data Level Entries

Installation date >99%

Material 76%Gravity Sewers and Rising Mains

Diameter 88%

DG5 Number of entries

>320,000

Covering  approx 40 
years

Pollution Incidents Incident details
>4,000

Over 15 years

Sewer interventions Details of interventions
>15,000

Over 10 years

Sewer CCTV Inspections Individual CCTV inspections
>165,000

Over 15 years

Weather Data
Temp/air frost/rainfall 

SMD/evaporation
10 weather stations

Soil Data
Type/corrosivity/shrink-swell 

potential

Land Use Road/builings/open land Covering SW area

Costs
Current repair costs

Based on AMP4 cost 
data from SWET

B3.7 Business Case by Asset Group – Sewerage Service

B3.7.1 Sewerage Infrastructure

B3.7.1.1 Gravity Sewers

B3.7.1.1.1 Data

Asset observations and measures

The data used in the analysis of capital maintenance requirements for gravity sewers: is as 
follows:

Year laid (installation date) – within GIS 9% of sewer length were originally assigned a year in 
which they were laid. In order to address this, a sub-project was undertaken to determine the 
age of the mains in the distribution system. Historical maps were provided from which 
property development dates were estimated; this was used to estimate the period in which the 
mains were laid. Following this, estimated ages were available for over 99% of sewers;

Material – the GIS system contains the material type for 76% of sewer length;

Length – the GIS system contains the entire length of the sewerage system;

Diameter – the GIS system contains the pipe diameter for 88% of sewer length;



Southern Water
Final Business Plan 2009
B.3  Maintaining Service and Serviceability

- 194 -

Also held within GIS the address point data provides the location of all the properties within 
the region. The GIS system also allows sewer proximity to water courses to be determined. 
This is a key element of the modelling as generally the closer sewers are to watercourses the 
greater the risk of pollution.

Landform Profile Digital Terrain Model provides elevation data which is used in the modelling 
of pollution and flooding risk.

Incidents such as blockages, flooding and collapses are held within the corporate SIRF 
(Sewerage Incident Reporting Form) database. This database holds details of all incidents for 
a period in excess of 10 years. The information held includes:

• Location (NGR and address);

• Sewer attributes;

• Date and time;

• Nature of problem;

• Cause of problem;

• Action taken;

Pollution incidents are recorded in the corporate PIRF (Pollution Incident Reporting Form) 
database. The database holds details of sewerage pollution incidents for a period in excess of 
10 years.  The information held includes:

• Location (NGR);

• Sewer attributes;

• Date and time;

• Nature of problem (pollution categorisation);

• Cause of problem; and

• Action taken.

The corporate sewer condition database, Infonet, contains data relating to observed sewer 
defects derived from CCTV inspections. The data covers 31% of the sewerage system.  

Socio-economic data was obtained from both the 2001 Census and ACORN, this is required 
as there is a link between the frequency of blockages and socio-economic groupings;

Land use – provides information which was used in the sewer deterioration models; and

Soil data: (National Soil Map)

• Soil type and description; and

• Shrink-swell potential.

Routine maintenance tasks associated the sewerage system are held within Ellipse.

Table B3.148 details the data sources used for forward-looking modelling of the serviceability 
of gravity sewers.
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Table B3.148. Data used for forward-looking serviceability modelling of sewers

Data Source Dataset

Vision GIS System

The Southern Water GIS provided physical 
asset information such as location, shape, 
size etc. 

Sewer survey data

The sewer survey data consisted of the 
defects recorded from CCTV surveys of 
pipes, coded using the Manual of Sewer 
Condition Classification. 

Southern Water

Sewer failure and reportable pollution data

Failure data was taken from SIRF and 
included the date, type and cause of failure, 
and the address of the affected property.  
Pollution data came from PIRF and included 
the assessed Environmental Agency 
category for each reportable incident.

Address Point Data

The Address Point dataset provides the 
locations and full, standardised addresses of 
every postal address (excluding P.O. boxes). 

Landline

The Landline geographical dataset depicts 
natural and man-made features, from 
waterways to individual buildings.

Ordnance Survey (via Southern Water)

Landform Profile Digital Terrain Model

The Landform Profile DTM consists of digital 
elevation data showing the shape of the 
landscape. The data are provided on a 
10x10m grid and are accurate to ±2.5m.

Historical Maps

Digitised copies of every published Ordnance 
Survey map within the Southern Water area.

Census

Socio-economic data were taken from the 
2001 census.

Other (via Southern Water)

ACORN

Socio-economic classifications from CACI. 
The 2005 version was used.
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Data Source Dataset

Soil Data

Southern Water provided information on the 
locations of soil types that are potentially 
hazardous to sewerage infrastructure. These 
data were taken from the National Soil Map 
(NATMAP) published by Cranfield University.

Land Use

This data set originated from the CORINE 
land cover map which records land use.

Intervention activity and impact on serviceability

Figure B3.159 below shows trends in pollution incidents during the last two AMP periods. The 
graph shows all pollution incidents to water within the EA reportable categories 1 to 3.
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Figure B3.149. Trends in pollution from PIRF (Data for 2008 forecast)

The total number of incidents of pollution had steadily increased since 2001. As a result the 
service went from stable to marginal between JR06 and JR07. 

During AMP4 CCTV investigations have been increasingly focused on high risk sewers in 
high priority river sub-catchments. This has identified OPEX and CAPEX solutions to reduce 
pollution risk caused by both blockages and structural defects. Geographical cluster analysis 
of the pollution data was undertaken and workshops used to validate and check the findings. 
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Subsequently CCTV was undertaken on all at-risk sewers in the identified areas together with 
enablement work via de-silting, root cutting and some renovation where applicable. Sewers 
with defects were added to the overall renovation program and additional routine jetting 
and/or Hawkeye level monitoring introduced. As a consequence the percentage of pollutions 
attributable to sewer blockages has been reduced and the overall trend is now downward.

Other areas of investment within the AMP related to programs to replace specific cohorts of 
assets deemed to be of high risk including Fibre Reinforced Cement pipes, Pitch Fibre, 
uPVC/Ferrous Rising Mains and rigid joints in clay pipes.

Historic Expenditure

Figure B3.150 below compares Southern Water’s historic replacement/renovation rates
against the other water companies based on June Return Data.
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Figure B3.150. Industry rates of replacement/renovation of sewers 1990 to 2007 (from 
OFWAT data)

Renovation and replacement rates for wastewater infrastructure assets in Southern Water 
over the last 17 years have been well below the industry average of 1.0 percent. Less than 
half a percent of the asset base has been replaced or renovated since 1990.  In the first three 
years of AMP4, the total length renewed or renovated was 74.49 km (critical and non-critical 
sewers) or 0.34 percent of current total sewer length. 

Sewer renovation/replacement rates have increased significantly during AMP4 to 
approximately 0.1% per annum (1,000 year implied life) against a rate of 0.01% per annum 
(10,000 year implied life) in previous years. Even with this recent increase in total 
renovation/replacement the overall rate up to 2007 is one of the lowest in the industry. 
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Renovation/replacement rates need to be increased to catch up with the industry average and 
improve the implied life of 1,000 years.

Figure B3.151 below compares OPEX growth with base renewals over the last two AMP 
periods.
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Figure B3.151. Base Opex Spend Trends

Base OPEX for the whole sewerage service for the first three years of AMP4 comprised 
83.47% of the entire base OPEX for AMP3. On the same scale, base renewals rose by 
40.85%. The rate of rise in OPEX is higher than the growth of historic renewals and thus 
disproportionate. Approximately 261km of sewers were added in AMP 4 and short lived 
assets added before AMP4 could have an impact of £1.58m on infrastructure base renewal in 
AMP5 on a pro-rata basis. 

Figure B3.152 and Figure B3.153 show an analysis of planned and reactive work orders and 
trends over the last AMP period. The bar graphs represents the top 10 work orders (number 
and hours respectively) based on failure mode and representing a trend since 2004. 
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Figure B3.152. Planned and Reactive Work Order for Sewers (from Ellipse data)
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Figure B3.153. Reactive and planned labour hours trends for sewers (from Ellipse data)

It can be seen that reactive effort has been rising while planned effort is fairly flat but on an 
upward trend. Figure B3.152 shows that recorded reactive work orders rose about 37% 
between 2004 and 2007. Figure B3.153 also shows an increase of about 15% percent in work 
order labour hours between 2004 and 2007 which supports the trend. 

The graphs indicate serviceability is currently being maintained against a rising trend in 
operational activity and the current capital renewal rate of the asset base. This is not 
sustainable in the longer term.

Cost data for consequences and interventions

An important input into the optimisation of future maintenance requirements are the costs 
associated with failure events and interventions. These include:

• Sewer blockage costs – based upon actual experienced costs;

• Sewer collapse costs – based upon actual experienced costs;

• Consequential costs of pollution incidents – based upon actual experienced costs;

• Consequential costs of internal flooding – based upon actual experienced costs;

• Consequential costs of external flooding – based upon actual experienced costs; and

• Intervention costs including CCTV, patch repairs, replacement and lining – based upon 
actual experienced costs from the PADLS database (see section B3.6.3.8)

All consequential costs listed above are derived from actual company data held in PADLS.
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B3.7.1.1.2 Analysis

Historical analysis

The historical performance and serviceability assessment is shown in the graph below.

0

100

200

300

400

500

600

700

90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08

N
u

m
b

e
r 

o
f 

in
c
id

e
n

ts

0

5

10

15

20

25

30

35

C
a

p
e

x
 (

£
m

) 
/ 

F
lo

o
d

in
g

 i
n

c
id

e
n

ts
 d

u
e

 t
o

 c
o

ll
a

p
s

e
s

Properties flooded in the year (overloaded sewers) Pollution incidents at CSOs and foul sewers

Sewer collapses per 1000km DG5: Flooding incidents due to collapses

Sewerage IRE Expenditure (£m) (07/08 prices)

AMP3 AMP4



Southern Water
Final Business Plan 2009
B.3  Maintaining Service and Serviceability

- 202 -

Figure B3.154 – Serviceability of sewerage infrastructure assets (Source: 2007/08 June 
Return)

A simplified graph is shown in Figure 
B3.155.
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Figure B3.155. Serviceability of sewerage infrastructure assets (simplified)

Serviceability of sewerage non-infrastructure assets is currently Marginal based on our 
performance in respect of pollution incidents.

In addition to the above consideration of historical serviceability and expenditure, we have 
considered the historical observed relationship between rates of sewer collapse and blockage 
and asset age, as a complement to the forward-looking analysis described in the next section. 

Figure B3.156 below shows incidents of sewer collapses by age.
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Figure B3.156. Asset age profile for gravity sewers and collapses from PADLS database

Ageing is affecting serviceability as the graph shows that sewers over 90 years old account 
for 19% of the asset base but approximately 30% of collapses. Sewers which are over 90 
years old exhibit higher collapse rates of 24 collapses/1,000 km/year, nearly double that of 
sewers 30 years younger.

Figure B3.157 below shows a similar analysis of blockages by age.
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Figure B3.157. Asset age profile for sewer blockages from PIRF system

Ageing is again affecting serviceability as the graph shows that sewers over 90 years old 
account for 19% of the asset base but approximately 28% of blockages. The rate of increase 
in blockages is almost linear with age.

Historic analysis has shown that blockages and collapses in gravity sewers have different 
relationships with asset age by material mirroring the overall analysis in the above graphs. 
However, the Tynemarch optimisation models used in the forward-looking analysis described 
below have not simply selected sewers for rehabilitation based on age. The Tynemarch 
analysis created two indices consisting of weighted combinations of defect densities and 
severities for use in forecasting rates of blockage and collapse. The relationship of these 
indices to observed blockage and collapse rates for various materials varies and is explored 
in more detail in the forward-looking analysis below. A typical example of the blockage index 
outputs is shown in Figure B3.158 below to illustrate.
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Figure B3.158. Blockage Rate by Age for Vitreous Clay Sewers from Tynemarch modelling

This shows that the blockage rate increases significantly with age, and that there is good 
agreement between the actual blockage rate and the modelled rate. 

Forward looking analysis – service and cost forecasting

A forward-looking risk-based analysis has been applied to public gravity sewers. The analysis 
makes use of a number of sophisticated serviceability models identified and calibrated 
exclusively using our own historical data, combined with a formal optimisation approach 
incorporating cost-benefit analysis. We believe our analysis in this area to be best in class.

For gravity sewers, the following areas of serviceability were identified as being important not 
only to the Company but also the customers we serve:

• Blockage;

• Collapse;

• Property flooding (internal);

• Property flooding (external); and

• Pollution (EA category 1-3).
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Selection of the planning objective

In view of our recent marginal serviceability we have applied the cost-benefit planning 
objective as a means of identifying the future serviceability and associated maintenance that 
our customers are willing to pay for. Our analysis has made use of willingness to pay values 
obtained from dedicated customer research (see Section B3.5.2.1). The willingness to pay 
values applicable in the analysis are those from the following attributes:

• avoidance of pollution incidents

• avoidance of internal sewer flooding

• avoidance of external sewer flooding.

Applying the cost benefit approach is in line with OFWAT guidance when seeking an 
improvement in the level of service.

Identification of failure modes

For gravity sewers, two failure modes were identified:

• Collapse; and

• Blockage.

The principal asset observations used in the analysis were:

• Vision GIS System – provided physical asset information such as location, shape, size, 
etc.;  (Full description provided in section B3.7.1.1.1) and

• Sewer survey data – provided data on the defects recorded from CCTV surveys of pipes. 
(see section B3.6.3.8 for a description of the InfoNet database).

Probability of failure

Characterisation of sewer condition

Traditionally, the structural condition of a sewer has been characterised by an Internal 
Condition Grade (ICG) as defined in the Sewerage Rehabilitation Manual (SRM), in which 
each sewer pipe is assigned to a discrete category referred to by an integer 1, 2, 3, 4 or 5. A 
sewer’s ICG is an indication of the general structural state of the sewer, from grade 1 (no 
structural defects) to grade 5 (already collapsed). A sewer can only be in one grade and must 
therefore either stay in the same grade, or make a complete transition between grades as it 
deteriorates or is rehabilitated. In view of the use of a peak defect score to assign sewers to 
ICGs, two sewers with the same ICG may be in very different general condition and be 
subject to very different rates of collapse or blockage.

Previous approaches to condition modelling have represented the rates or probabilities of 
transitions between condition grades, as exemplified by the Markov chain model to simulate 
deterioration in ICGs applied by Southern Water at PR04.

The Manual of Sewer Condition Classification (MSCC) defines a system for classifying sewer 
defects recorded during CCTV surveys. This defines a more detailed set of discrete sewer 
condition states.

For many of the MSCC defect types, additional measures are defined that express the 
severity of the defect in terms of:

• Its length,

• A relevant percentage, such as percentage of deformation or percentage of cross-
sectional area affected by settled deposits, and/or

• Its circumferential extent.
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For each defect type, these MSCC defect records can be used to derive:

• A ‘defect density’, expressed as a number of defects per kilometre of sewer; and

• A severity, expressed as some combination of relevant severity measures.

Two condition indices were created consisting of linear weighted combinations of defect 
densities and severities. The weightings were identified to maximise the usefulness of each 
index in estimating failure rates. One index characterised condition in relation to the 
estimation of collapse rate (the collapse-related condition index, or ‘collapse index’), the other 
characterised condition in relation to the estimation of blockage rate (the blockage-related 
condition index, or ‘blockage index’). These indices refer to the two failure modes identified 
above.

Separate condition indices were developed for all of the major material types for both failure 
modes. 

For each selected defect type, a number of ‘severity measures’ have been considered that 
take account of both the number (density) of defects and the severity of each.

For each defect type the severity measure that best correlated with the relevant failure rate 
was chosen, following the same approach used in the selection of defect types. 

For each index, the weightings of the defect densities and severity measures were then 
optimised to best correlate with failure rate. 

Modelling condition deterioration

The next step is to characterise the way in which these condition indices depend on attributes 
of the sewer, including its age.

Deterioration models of each index were calibrated separately for each pipe material and 
failure mode. An iterative process was used to select appropriate pipe attributes for inclusion 
in the time dependent condition model and to calibrate the parameters, as follows:

• Each attribute was added to the model in turn. The resulting change in the fit of the model 
was examined;

• When all attributes had been tried, the attribute which brought the best improvement was 
added to the model; and

• The process was repeated until the point was reached where adding additional attributes 
would not improve the fit of the model to a statistically significant degree.

The fit of the model was defined by a length weighted square error term.

An example calibration graph showing the calibrated model of pipe condition by age is shown 
below.
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Figure B3.159 – Post-1965 Vitreous Clay: Collapse index by Pipe Age

Failure rate modelling

Classification trees were used to group pipes into cohorts with similar failure rates using 
categorical attributes. Classification trees are developed by using recursive partitioning. 
Recursive partitioning is the iterative process of splitting the dataset into groups, and then 
further splitting each group until no more useful splits can be made. This can be graphically 
represented as a tree, with each split corresponding to a set of branches emanating from a 
particular node. For each group, splits are made using the categorical attribute that identifies 
the maximum diversity between the new groups. The basic procedure was:

• For each attribute in turn: divide the pipes into groups using the values of the attribute, 
then calculate the mean failure rate and confidence intervals around the mean for each 
group;

• Select the attribute that has the largest difference between the highest lower confidence 
interval boundary and the lowest upper confidence interval boundary. The group is not 
split if this value is less than or equal to zero for all attributes;

• Merge groups with overlapping confidence intervals as necessary;

• Split the pipes into these new groups; and

• Repeat the process for each new group.

An illustration of the process is shown in Figure B3.160. Node 0 represents the entire set of 
pipes. As a result of the partitioning, mean depth has been selected as the attribute which 
divides the pipes into groups with the most diverse failure rates. Depending upon the value of 
the attribute, a particular pipe moves into node 1, 2 or 3.
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Figure B3.160. Classification Tree Branching

For each attribute, pipes were divided into groups based on the value of the attribute. The 
mean failure rates and 95% confidence intervals around the mean were calculated. The 
difference between the highest lower confidence interval boundary and the lowest upper 
confidence interval boundary was then calculated for each attribute. This gave an indication of 
the spread of the mean failure rates for each attribute. The attribute with the largest spread 
was identified.

The means and confidence intervals for the values of the selected attribute were then 
examined. Groups with similar mean failure rates were merged. Groups were defined as 
having similar mean failure rates if the 95% confidence intervals around the means 
overlapped.

Constraints were placed on the minimum total length of pipe and the minimum number of 
incidents within each group. Groups not conforming to these rules were merged as 
appropriate. If, after merging, the mean failure rates of all groups were similar (i.e. the 
confidence intervals overlapped), the attribute was discarded and the one with the next 
largest spread was examined.

The process was repeated until, for each group, there was no attribute that could be used to 
split the pipes into groups with significantly different mean failure rates. 

The methodology was improved between Draft and Final Business Plans in two ways:

Firstly, sewer age was permitted as an attribute in the failure rate models. For the Draft
Business Plan, age was only permitted to affect failure rate via Condition Index deterioration. 
This failed to take account of deterioration mechanisms not visible from a CCTV survey (e.g. 
erosion of bedding due to infiltration).

Secondly, continuous models were used to represent the relationship between failure rate 
and age and Condition Index within each cohort. This was undertaken by identifying the 
nodes that were split using condition index or age via the above process, and fitting a linear 
model of age and Condition Index to the associated data. 
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Not all failure records could be matched to particular pipes. Only failures that could be 
matched to individual pipes could be used to calibrate the failure rate models. To correct for 
this effect, adjustments were applied to the collapse and blockage rate models. 

An example calibration graph is shown below which illustrates pipe condition against pipe 
age.
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Figure B3.161 – Vitreous clay pipes laid before 1965: Blockage rate by pipe age

The methodology was improved between Draft and Final Business Plans in two ways:

Firstly, sewer age was permitted as an attribute in the failure rate models. For the Draft 
Business Plan, age was only permitted to affect failure rate via Condition Index deterioration. 
This failed to take account of deterioration mechanisms not visible from a CCTV survey (e.g. 
erosion of bedding due to infiltration).

Secondly, continuous models were used to represent the relationship between failure rate 
and age and Condition Index within each cohort. This was undertaken by identifying the 
nodes that were split using condition index or age via the above process, and fitting a linear 
model of age and Condition Index to the associated data. 

Consequences of failure

Consequence models were created to estimate the number of consequences (i.e. internal 
flooding, external flooding or pollution) given the occurrence of a failure (collapse or 
blockage).

Classification trees were used to divide the pipes into cohorts. Separate trees were 
constructed for blockage and collapse incidents, pollution and internal and external flooding.

The process applied was similar to that used in the failure rate modelling. 
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The digital terrain, address point and watercourse data were used to derive several attributes 
of potential use in estimating the consequences of a failure. For each pipe, the upstream 
manhole that would flood in the event of a failure

7
was found from consideration of static 

hydraulics. Manhole overflows were then simulated and an overland flow routing algorithm 
was used to trace the route of the flow. The algorithm followed the steepest downhill slope 
between grid points until a flat or sunken area was reached. Various attributes were then 
calculated:

• Flow distance – the longest path of the overflow from the manhole before a flat or sunken 
area is reached (to a maximum of 500m from the manhole);

• Minimum distance of flow to property – the minimum distance between the path of the 
overflow and any property;

• Minimum distance of flooding pool to property – the minimum distance between any 
property and the flat or sunken area at the end of the path of the overflow;

• Minimum distance of flow to watercourse or pond – the minimum distance between the 
path of the overflow and a watercourse or pond; and

• Minimum distance of flooding pool to watercourse or pond – the minimum distance 
between a watercourse or pond and the flat or sunken area at the end of the path of the 
overflow.

These attributes were made available for inclusion in the models.

An example calibration graph is shown in the graph below.

  
7 Note that identification of the upstream manhole requires analysis of the whole upstream sewerage system and 
consideration of manhole and CSO weir levels, in order to identify the point at which overflow would first occur which 
may be some considerable distance upstream. This analysis must be undertaken for every inter-manhole sewer 
length in each one of our sewerage catchments. This is not feasible using traditional hydraulic models and required 
the development of bespoke systems analysis software.
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Figure B3.162. Probability of pollution incident due to blockage by minimum distance from 
overflow pool to watercourse

Cost of failure

The costs associated with the failure of the assets are based upon costs held within the 
Corporate databases for sewer incidents, SIRF and PIRF. See section B3.6.3.8 for a 
description of these databases.

Validation

At the Draft Business Plan stage, for those gravity sewer datasets that were sufficiently large, 
half of the data was kept aside and used for model validation. The validation process showed 
that the models worked robustly on unseen data, this being the case the models for the Final 
Business Plan utilised the whole datasets.
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Figure B3.163. Example validation graph: Blockage rate by number of persons per room in 
surrounding housing (Vitreous Clay sewers)

Forecast service

The condition, failure rate and failure consequence models were used to forecast the 
expected number of service failures in each area across each future review period.

Forward looking analysis – intervention analysis

Identifying intervention options

For gravity sewers, the following intervention options, currently used within the business, were 
considered at the individual pipe level:

• Structural – cured in place pipe (lining)
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• Structural – cured in place repair (patch) and

• Cleansing (including jetting and root cutting).

The structural intervention was based on patching as the default option, with lining only being 
carried out if:

• the total length of serious pipe defects was greater than 8% of the manhole to manhole 
length

• the density of patching would have been greater than 4m per 100m of manhole to 
manhole length.

These criteria are based on historical experience and represent the fact that patching 
becomes more expensive than lining above 8% of pipe length.

Estimating the impact of interventions

For gravity sewers the impact of the interventions was quantified by examining the CCTV 
survey data. Using the rules described above, each intervention was simulated on each 
surveyed pipe by removing appropriate defect records. The condition index models were then 
applied to the modified CCTV records to calculate the post-intervention condition indexes for 
each intervention and each pipe. The mean post-intervention condition index values were 
then calculated for each intervention for each material group.

Intervention costs

The first stage of each intervention is an investigatory CCTV survey. Some pipes will be in 
better condition than expected and so the intervention was not applied to all the selected 
pipes. This proportion was calculated from analysis of the historical CCTV data.

The total cost of each intervention was therefore made up of the cost of an initial CCTV 
survey, plus the cost of the intervention and a post-intervention CCTV survey for the 
appropriate proportion of pipes.

The costs of each intervention component were obtained from the Company’s cost database 
for the main pipe diameters (see section B3.6.3.8 for a description of the SWET database). 
These were extrapolated as required for intermediate diameters and combined to give total 
intervention costs for each pipe.

For each intervention the changes in operational costs associated with undertaking the 
intervention are calculated for each future year. The cost changes comprise the savings due 
to asset failure costs (e.g. sewer blockage clearance costs) and serviceability failures (e.g. 
flooding cleanup and compensation costs) that will no longer be incurred as a result of the 
intervention. 

In deriving the net cost of an intervention, a discount rate of 5.5% has been applied to all 
future costs and savings, including capital and operation costs, social and environmental 
costs and customer Willingness to Pay where applicable. Future costs are calculated for each 
year over the 25-year planning horizon, discounted back to the intervention date, and then
added to the intervention cost to derive the net cost used in the selection of interventions.

Valuation of service

The results of Willingness to Pay surveys derived valuations of marginal improvements in 
service across two ranges. The results that are relevant to gravity sewers are summarised in 
the two tables below (full details of Willingness to Pay research can be found in Section C1.9)
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Table B3.164 – Summary of Willingness to Pay survey results for residential customers

Service aspect Current 
level of 

service (L0)

Improvement 
Level 1 (L1)

Improvement 
Level 2 (L2)

WTP for a 
L0 to L1 

improvement

WTP for a
L0 to L2 

improvement

Internal flooding 
(properties per 
annum)

188 150 112 £0.15 £0.00

External flooding 
(per 100 incidents)

3200 2600 1900 £1.12 £0.03

Pollution 
(incidents)

90 72 54 £0.13 £0.13

Table B3.165. Summary of Willingness to Pay survey results for business customers

Service aspect Current 
level of 

service (L0)

Improvement 
Level 1 (L1)

Improvement 
Level 2 (L2)

WTP for a 
L0 to L1 

improvement 
(%age of bill)

WTP for a
L0 to L2 

improvement 
(%age of bill)

Internal flooding 
(properties per 
annum)

188 150 112 0.07% 0.04%

External flooding 
(per 100 incidents)

3200 2600 1900 0.01% 0.00%

Pollution 
(incidents)

90 72 54 0.02% 0.02%

In each case the value derived from the surveys comprised the mean amount that each 
customer would be willing to pay for the whole-company number of incidents to be reduced 
from the current level to an identified lower level. This value was multiplied by the number of 
customers and divided by the identified change, to give the amount that customers are 
collectively willing to pay to avoid one incident. This figure is then used within the optimisation 
as a penalty cost that is incurred each time an incident occurs. If an intervention is found to 
generate more benefit (in terms of penalty and other costs avoided) than it costs to undertake, 
then it is deemed to be cost-beneficial and is selected for implementation.

Social and Environmental costs

Costs to society associated with traffic congestion due to sewer rehabilitation, cleansing, 
blockage clearance and collapse repairs have been taken into account in the application of 
the cost-benefit planning objective. Costs have been modelled using the standard Department 
for Transport modelling approach and recommended parameter values. Typical durations of 
congestion have been used as follows:

• Sewer rehabilitation (1 inter-manhole length) – 5 days 

• Sewer cleansing (heavy cleansing including removal of encrustation and root cutting) – 1 
day 

• Blockage clearance – 0.25 days 



Southern Water
Final Business Plan 2009
B.3  Maintaining Service and Serviceability

- 215 -

• Sewer collapse repair – 5 days (given that in many cases the collapse affects the road 
surface and traffic flow is affected between collapse occurrence and work commencing 
on site). 

Costs to the environment associated with CO2 emissions due to sewer rehabilitation, 
blockage clearance and collapse repair have also been taken into account in the application 
of the cost-benefit planning objective. CO2 emissions associated with cleansing have been 
judged to be negligible.

Selection of optimal interventions 

The optimal interventions were selected using Tynemarch software.

Interdependencies between the intervention options have been taken into account in the 
optimisation as follows:

The cleansing intervention cannot be selected more than once within the planning horizon on 
any asset, since the intervention definition includes repetition on a 5-year cycle.

No more than one intervention can be selected on a single asset in any 5-year intervention 
period.

The benefits of an intervention option are recalculated in each intervention period to take 
account of interventions that have been undertaken on the asset in previous periods.

There are no relevant cost interdependencies.

With WTP and social and environmental costs included as above, the analysis identifies the 
maintenance required to maximise customer utility. That is, it selects those maintenance 
interventions for which the net benefit to customers (as quantified using WTP) is greater than 
the net cost to the company, society and the environment.

In simplified from, the selection process was as follows:

• Willingness to Pay (WTP) values are included as an additional cost consequence 
associated with each forecast service failure.

• Interventions are identified for which the marginal WTP benefit exceeds the marginal cost 
to the company, society and the environment.

• Serviceability is forecast with these interventions in place, and checks are made to 
ensure that the boundaries of the WTP survey are not violated.

As can be seen from the results below, the application of the cost-benefit planning objective 
results in a one-off peak of investment to move the company to a new more cost-beneficial 
level of serviceability. 

The Figures below shows the forecast number of blockages and internal flooding incidents 
with and without interventions. Similar graphs can be plotted for each of the serviceability 
indicators. The Figures show that serviceability targets for AMP6 and subsequent periods are 
reset at the improved end-AMP5 level to ensure that the serviceability gains made in AMP5 
are not eroded in subsequent periods. 
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Forecast number of blockages, with and without interventions
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Figure B3.166. Forecast number of blockages with and without interventions

Forecast number of internal flooding events, with and without interventions
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Figure B3.167. Forecast number of internal flooding incidents with and without interventions

Similarly, the Figure below shows the resulting reduction in forecast reactive costs with and 
without interventions.
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Forecast failure-related costs for gravity sewers, with and without selected interventions

B3.7.1.1.3 Results

The selected interventions under the cost-benefit planning objective, and associated costs, 
are presented in the following Tables.

It can be seen that there is a large uplift in activity and expenditure in AMP5, followed by a 
return to lower levels in AMPs 6 to 9. The peak in activity in AMP5 is associated with a step 
improvement in serviceability that is justified by customer WTP.

Table B3.168. Gravity sewers – Cost-benefit planning objective AMP5

Intervention Type Number of 
Pipes

Length to 
Survey (km)

Length to 
receive 

intervention 
(km)

Total intervention 
cost (£m)

Critical 1 – CIPP, CIPR 1,244 71.328 27.761

3 – Cleansing 497 33.454 3.801

Total 1,741 104.782 31.562

Non-Critical 1 – CIPP, CIPR 24,591 782.554 292.946

3 – Cleansing 1,547 71.187 8.964

Total 26,138 853.740 301.909

Section 24 1 – CIPP, CIPR 36,091 671.401 294.616

3 – Cleansing 247 7.750 0.868

Total 36,338 679.150 295.484

Total 64,217 1,637.672 628.955
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Table B3.169. Gravity sewers – Cost-benefit planning objective AMP6

Intervention 
Type

Number 
of Pipes

Length to 
Survey 

(km)

Length to 
receive 

intervention 
(km)

Total 
intervention 

cost (£m)

Critical 1 – CIPP, CIPR 241 11.559 4.865

3 – Cleansing 824 58.952 8.605

Total 1,065 70.511 13.470

Non-Critical 1 – CIPP, CIPR 5,039 150.011 69.382

3 – Cleansing 8,330 401.038 72.871

Total 13,369 551.049 142.253

Section 24 1 – CIPP, CIPR 2,996 45.802 20.768

3 – Cleansing 102 5.693 0.679

Total 3,098 51.495 21.446

Total 17,532 673.056 177.170

Table B3.170. Gravity sewers – Cost-benefit planning objective AMP7

Intervention 
Type

Number 
of Pipes

Length to 
Survey 

(km)

Length to 
receive 

intervention 
(km)

Total 
intervention 

cost (£m)

Critical 1 – CIPP, CIPR 235 12.755 5.218

3 – Cleansing 1,512 114.216 15.960

Total 1,747 126.971 21.177

Non-Critical 1 – CIPP, CIPR 4,461 155.244 71.629

3 – Cleansing 9,671 468.002 82.300

Total 14,132 623.246 153.929

Section 24 1 – CIPP, CIPR 1,227 17.964 7.645

3 – Cleansing 139 4.545 0.572

Total 1,366 22.509 8.217

Total 17,245 772.727 183.324
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Table B3.171. Gravity sewers – Cost-benefit planning objective AMP8

Number 
of Pipes

Length to 
Survey 

(km)

Length to 
receive 

intervention 
(km)

Total 
intervention 

cost (£m)

AMP8 Total 16,437 756.720 170.857  

Table B3.172. Gravity sewers – Cost-benefit planning objective AMP9

Number 
of Pipes

Length to 
Survey 

(km)

Length to 
receive 

intervention 
(km)

Total 
intervention 

cost (£m)

AMP9 Total 15,099 687.640 157.099  

Whilst we recognise the need to for an improvement in serviceability for sewerage 
infrastructure and have the support of our customers for the expenditure associated with such 
improvements, it is important that we also recognise the impact that such a large uplift in 
capital expenditure will potentially have on customer bills. With this in mind we believe it more 
appropriate to phase the one-off expenditure included in the AMP5 figures above over the 
next 3 AMP periods. We believe this to represent a pragmatic balance between providing the 
improvements that our customers support and minimising the immediate impact on bills.

The resulting expenditure profile is summarised in the Table below. 

Table B3.173. Summary of sewerage infrastructure expenditure and outputs (for gravity 
sewers) in future AMP cycles (phasing changed to improve affordability to customers)

AMP period Capital cost of 
interventions (m)

AMP5

AMP6

AMP7

AMP8

AMP9

The estimated level of service improvement achieved within AMP5 by the proposed 
expenditure is as follows. The percentage improvements given are relative to the typical 
number of incidents currently associated with gravity sewers. Further improvements will result 
from the investment planned for AMP 6 and AMP7.
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Table B3.174. Summary of service improvements forecast for sewerage infrastructure as a 
result of interventions on gravity sewers

Blockages Collapses Pollution 
Incidents

Internal 
Flooding 
Incidents 

due to 
Collapses

Internal 
Flooding 
Incidents 

due to 
Blockages 

and 
Collapses

External 
Flooding 
Incidents 

due to 
Blockages 

and 
Collapses

Percentage 
Improvement

5.7% 0.9% 5.8% 1.6% 6.6% 6.3%

B3.7.1.1.4 Sensitivity Analysis

We have undertaken a sensitivity analysis to understand how the above results would change 
in response to changes to the input data and calibrated model parameters. The Table B3.175 
below summarises the results for gravity sewers. 

It should be noted that this is an extreme value sensitivity analysis in which significant 
changes in a single direction are applied to many pipes. In practice there is likely to be a 
distribution of errors of different sizes in both directions, leading to a much less significant 
impact on results. 

The largest variation occurs with a change of +10 years to the age of 10% of the sewer stock. 
The effect is to increase maintenance expenditure requirements by 6%. 

Making an assumption that unknown material sewers are vitreous clay leads to a 15.6% 
increase in cost. Our modelling approach has been to consider the unknown material sewers 
as a material type in their own right and the resulting models give good agreement with 
historical data. In our view this approach leads to a more robust estimate of maintenance 
requirements than the sensitivity analysis assumption that these sewers are all vitreous clay. 
Hence we have opted for the lower maintenance requirement.

The results are particularly insensitive to changes in the WTP values. This is because for 
gravity sewers the WTP values are sufficiently large to move serviceability to the limit of 
applicability of one or more of the WTP values, beyond which further changes cannot be 
justified on the basis of the survey evidence.
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Figure B3.175. Gravity sewers sensitivity analysis

Scenario 
ID Description

Change 
in input

Change in 
surveyed 

length

Change in 
intervention 
length

Change 
in total 
cost

1a
Increase the ages of a random 
10% of pipes by 10 years

+10 
years

5.2% 5.8% 6.0%

1b
Decrease the ages of a random 
10% of pipes by 10 years

-10 
years

2.7% 3.0% 2.9%

3a
Increase the 
failure/consequence costs by 
10%

+10% 0.0% 0.0% 0.0%

3b
Decrease the 
failure/consequence costs by 
10%

-10% 0.0% 0.0% 0.0%

4a
Increase the intervention unit 
cost by 10%

+10% -0.3% -0.4% -0.4%

4b
Decrease the intervention unit 
cost by 10%

-10% 0.9% 0.9% 0.9%

5a
Increase pollution WTP cost to 
upper limit of confidence interval

0.0% 0.0% 0.0%

5b
Decrease pollution WTP cost to  
lower limit of confidence interval

0.0% 0.0% 0.0%

6a
Increase external flooding WTP 
cost to upper limit of confidence 
interval

0.0% 0.0% 0.0%

6b
Decrease external flooding WTP 
cost to lower limit of confidence 
interval

0.0% 0.0% 0.0%

6c
Increase internal flooding WTP 
cost to upper limit of confidence 
interval

0.0% 0.0% 0.0%

6d
Decrease internal flooding WTP 
cost to lower limit of confidence 
interval

0.0% 0.0% 0.0%

7
Model sewers of Unknown 
material as Vitreous Clay (the 
most common material type)

-2.9% 12.8% 15.6%

8a
Increase proportion A for both 
interventions by 10%

+10% 0.3% 0.1% 0.0%

8b
Decrease proportion A for both 
interventions by 10%

-10% -0.3% 0.0% 0.1%
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B3.7.1.2 Rising Mains

B3.7.1.2.1 Data

Data sources for sewerage rising mains are the same as for gravity sewers. For full 
information, refer to section B3.7.1.1.1 above.

B3.7.1.2.2 Analysis

Historical analysis

Figure B3.176 below shows historical serviceability with respect to rising mains bursts and 
associated pollution incidents. It can be seen that historical maintenance has not been 
sufficient to prevent an increasing trend in pollution incidents associated with rising main 
bursts between 1997 and 2006. Although this is corrected somewhat in 2007, this figure is 
itself associated with a higher than usual number of bursts.
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Figure B3.176. Rising mains serviceability

Forward-looking analysis

Forward looking analysis – service and cost forecasting

A forward-looking risk-based analysis has been applied to rising mains. Rising mains bursts 
and associated consequences are modelled using an approach consistent with the UKWIR 
methodology for water distribution mains.  

For rising mains, the following areas of serviceability were identified as being important:

• Bursts;

• Property flooding (internal or external); and

• Pollution (EA category 1-3).

The serviceability forecasting models for rising mains were improved between Draft and Final 
Business Plan as follows:
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The installation date data was reviewed against the Experian housing development date data 
and some adjustments were made where inconsistencies were identified. The burst rate 
models were then recalibrated to take account of this data improvement.

The modelling of pollution consequences in or near environmental protection areas was 
improved as described under ‘Consequences of failure’ above.

Selection of the planning objective

In view of our recent marginal serviceability we have applied the cost-benefit planning 
objective as a means of identifying the future serviceability and associated maintenance that 
our customers are willing to pay for. Our analysis has made use of willingness to pay values 
obtained from dedicated customer research (see Section B3.5.2.1).

Probability of failure

For rising mains the burst failure mode was considered.

Models of rising main burst rates were made using the same approach that was used for the 
UKWIR national water mains burst models. Pipes were split into straight-line segments and 
failures matched to these segments. The numbers of bursts for each pipe in each year were 
calculated and this dataset was used to calibrate the burst models.

The models had a multiplicative structure:

K×××= )2()1(rateBurst AttributefAttributefConst

the following attributes were considered for inclusion:

• Age;

• Diameter;

• Average depth; and

• Population density in the surrounding area.

The functional form of the relationship between each attribute and the burst rate was 
identified from graphs. An example calibration graph is shown in Figure B3.177. 
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Figure B3.177. Cast and spun iron rising mains: Burst rate by age

Consequences of failure

The consequence models were used to estimate the number of consequences (property 
flooding or pollution) given the occurrence of a burst.

The consequence models had a similar structure to the burst models. Digital terrain, address 
point and watercourse data were used to simulate a burst from each pipe segment and the 
distance of closest approach of the flow to a property or watercourse was found. The 
following attributes were then included in the models:

• Diameter;

• Distance of closest approach of the flow to a property (for the model of expected flooding 
incidents); and

• Distance of closest approach of the flow to a watercourse (for the model of expected 
pollution incidents).

An example calibration graph is shown in Figure B3.178. 
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Figure B3.178. Expected number of pollution incidents by diameter 

Bursts on large diameter (≥150mm) pipes within 10m of a watercourse in an environmental 
protection area (SSSI, SPA, SAC, NNR, LNR, Ramsar wetland or RSPB reserve) are 
allocated a category 1 pollution incident. Bursts on small diameter (<150mm) pipes within 
10m of a watercourse in an environmental protection area are allocated a category 2 pollution 
incident. 

Cost of failure

The costs associated with the failure of the assets are based upon costs held within the 
Corporate database for sewer interventions, PADLS, (see section B3.6.3.8 for a description of 
this database).

Forecasting service

The failure rate and consequence models were used to forecast the expected number of 
service failures in each area across each future review period.

Forward looking analysis – intervention analysis

The intervention options considered comprised renewal of each individual pipe segment.

Impact of interventions

In line with current company practice, a replaced rising main was modelled as a new PE pipe. 
The benefits of an intervention were assessed by applying the burst rate and consequence 
models with and without the intervention in place.

Intervention costs

Cost models for rising main renewal were calibrated using our own cost data for interventions 
undertaken during the AMP4 period.

For each intervention the changes in operational costs associated with undertaking the 
intervention are calculated for each future year. The cost changes comprise the savings due 
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to asset failure costs (e.g. rising main burst repair costs) and serviceability failures (e.g. 
flooding cleanup and compensation costs) that will no longer be incurred as a result of the 
intervention.

In deriving the net cost of an intervention, a discount rate of 5.5% has been applied to all 
future costs and savings, including capital and operation costs, social and environmental 
costs and customer Willingness to Pay where applicable. Future costs are calculated for each 
year over the 25-year planning horizon, discounted back to the intervention date, and then 
added to the intervention cost to derive the net cost used in the selection of interventions. 

Valuation of service

The results of Willingness to Pay surveys were used to derive valuations of marginal 
improvements in service across two ranges. The results that are relevant to rising mains are 
summarised in the two tables below (full details on Willingness to Pay research can be found 
in section C1.9).

Table B3.179 – Summary of Willingness to Pay survey results for residential customers

Service aspect Current 
level of 

service (L0)

Improvement 
Level 1 (L1)

Improvement 
Level 2 (L2)

WTP for a 
L0 to L1 

improvement

WTP for a
L0 to L2 

improvement

Internal flooding 
(properties per 
annum)

188 150 112 £0.15 £0.00

External flooding 
(per 100 incidents) 3200 2600 1900 £1.12 £0.03

Pollution 
(incidents) 90 72 54 £0.13 £0.13

Table B3.180. Summary of Willingness to Pay survey results for business customers

Service aspect Current 
level of 

service (L0)

Improvement 
Level 1 (L1)

Improvement 
Level 2 (L2)

WTP for a 
L0 to L1 

improvement 
(%age of bill)

WTP for a
L0 to L2 

improvement 
(%age of bill)

Internal flooding 
(properties per 
annum)

188 150 112 0.07% 0.04%

External flooding 
(per 100 incidents)

3200 2600 1900 0.01% 0.00%

Pollution 
(incidents)

90 72 54 0.02% 0.02%

Selection of optimal interventions

The optimal interventions were selected using Tynemarch software.

Interdependencies between the intervention options have been taken into account in the 
optimisation as follows:
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• No more than one intervention can be selected on a single asset in any 5-year 
intervention period.

• The benefits of an intervention option are recalculated in each intervention period to take 
account of interventions that have been undertaken on the asset in previous periods.

• There are no relevant cost interdependencies

In simplified from, the selection process is as follows:

• Willingness to Pay (WTP) values are included as an additional cost consequence 
associated with each forecast service failure.

• Interventions are identified for which the marginal WTP benefit exceeds the marginal cost 
to the company.

• Serviceability is forecast with these interventions in place, and checks are made to 
ensure that the boundaries of the WTP survey are not violated.

As can be seen from the results below, the application of the cost-benefit planning objective 
results in a one-off peak of investment to move the company to a new more cost-beneficial 
level of serviceability. 

The Figures below shows the forecast number of rising mains bursts, pollution and flooding 
incidents with and without the selected optimal interventions. The Figures show that 
serviceability targets for AMP6 and subsequent periods are reset at the improved end-AMP5 
level to ensure that the serviceability gains made in AMP5 as a result of WTP are not eroded 
in subsequent periods.
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B3.7.1.2.3 Results

The selected interventions under the cost-benefit planning objective, and associated costs, 
are presented in the following Tables.

It can be seen that there is a large uplift in activity and expenditure in AMP5, followed by a 
return to lower levels in AMPs 6 to 9. The peak in activity in AMP5 is associated with a step 
improvement in serviceability that is justified by customer WTP.

Table B3.181. Rising mains – Cost-benefit planning objective

AMP period Total length for 
renewal (km)

Capital cost of 
interventions (m)

Proportion of total 
length renewed each 

year

AMP5 131.90 1.74%

AMP6 54.89 0.72%

AMP7 65.46 0.86%

AMP8 76.80 1.01%

AMP9 84.18 1.11%

Whilst we recognise the need to for an improvement in serviceability for sewerage 
infrastructure and have the support of our customers for the expenditure associated with such 
improvements, it is important that we also recognise the impact that such a large uplift in 
capital expenditure will potentially have on customer bills. With this in mind we believe it more 
appropriate to phase the one-off expenditure included in the AMP5 figures above over the 
next 3 AMP periods. We believe this to represent a pragmatic balance between providing the 
improvements that our customers support and minimising variations in customer bills.

The resulting expenditure profile is summarised in the Table below.  



Southern Water
Final Business Plan 2009
B.3  Maintaining Service and Serviceability

- 229 -

Table B3.182. Summary of sewerage infrastructure expenditure and outputs (for Rising 
Mains) in future AMP cycles (phasing changed to improve affordability to customers)

AMP period Capital cost of 
interventions (m)

AMP5

AMP6

AMP7

AMP8

AMP9

As can be seen from the table above, we have spread the cost of interventions on rising 
mains across the next 3 AMP periods in order to mitigate the effect on customer bills. During 
this period, Southern Water is taking the risk on asset performance, but will use an approach 
of targeting the highest risk assets first to minimise this risk.

The estimated level of service improvement achieved within AMP5 by the proposed 
expenditure is as follows. The percentage improvements given are relative to the typical 
number of incidents currently associated with rising mains. Further improvements will result 
from the investment planned for AMP 6 and AMP7.

Table B3.183. Forecast service improvements for sewerage rising mains

Rising Main 
Bursts

Cat 1&2 Pollution 
Incidents

Cat 3 Pollution 
Incidents

Flooding 
Incidents 

Absolute 
Improvement

4.1 0.15 1.5 24

Percentage 
Improvement

4.3% 3.8% 3.7% 6.8%

B3.7.1.2.4 Sensitivity analysis

We have undertaken a sensitivity analysis to understand how the above results would change 
in response to changes to the input data and calibrated model parameters. Table B3.184 
summarises the results for rising mains. 

It should be noted that this is an extreme value sensitivity analysis in which significant 
changes in a single direction are applied to many pipes. In practice there is likely to be a 
distribution of errors of different sizes in both directions, leading to a much less significant 
impact on results. 

In contrast to gravity sewers, the WTP values for rising mains do not have the effect of 
improving serviceability to the limit of applicability of the survey data (even after taking 
account of the proportion of failure events typically attributable to rising mains). Hence a N% 
increase in the WTP value increases the benefit of all interventions by N%, whilst leaving their 
costs unchanged. As might be expected this leads to many more interventions being cost 
beneficial, and hence increases the capital maintenance requirement. The opposite effect 
applies to reductions in the WTP values.

Changes to the unit costs have a similar effect since they change the cost side of the cost-
benefit balance in a similar manner. A cost increase reduces the volume of interventions that 
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are cost-beneficial by more than the proportional change in the unit cost, leading to a 
reduction in the maintenance expenditure required.

An increase in the rate of burst rate deterioration as the rising mains age adds to the benefits 
associated with renewing older pipes. Again, this affects the cost-benefit balance, meaning 
that more interventions become cost-beneficial.

In conclusion, the WTP values and the location of their limits are such that for rising mains the 
results are relatively sensitive to changes in those values that have a direct influence on the 
cost-benefit balance.

The investment justified on cost-benefit grounds leads to a step-improvement in serviceability. 
Since this represents a significant one-off adjustment we intend to phase the investment over 
three AMP periods, in order to reduce the immediate impact on bills. In all cases the 
investment planned for AMP5 is within the lower limits of the sensitivity analysis. 

Despite the relative sensitivity of the rising mains results, even in these extreme scenarios the 
AMP5 investment programme is fully justified on cost-benefit grounds.

Table B3.184. Rising mains sensitivity analysis

Scenario 
ID

Description
Change in 

input
Change in length

Change in total 
cost

2a

Increase the burst rate 
model deterioration 
parameters by 10% 

+10% 13.6% 14.0%

2b

Decrease burst rate model 
deterioration parameters 
by 10%

-10% -16.7% -17.3%

3a

Increase failure/ 
consequence costs by 
10%

+10% 0.3% 0.3%

3b

Decrease failure/ 
consequence costs by 
10%

-10% -0.1% -0.1%

4a
Increase intervention unit 
costs by 10%

+10% -23.9% -16.8%

4b
Decrease intervention unit 
costs by 10%

-10% 25.8% 13.8%

5a

Increase pollution WTP 
cost to upper limit of 
confidence interval

24.5% 24.9%

5b

Decrease pollution WTP 
cost to lower limit of 
confidence interval

-28.0% -28.2%

6a

Increase flooding WTP 
cost to upper limit of 
confidence interval

35.4% 36.0%

6b

Decrease flooding WTP 
cost to lower limit of 
confidence interval

-30.6% -30.6%
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B3.7.1.3 Sea Outfalls and Headworks

Southern Water having a significant coastline (776 miles) has a large number of coastal 
outfalls. These outfalls are required, under navigational legislation, to have marker buoys 
(also referred to as “aids to navigation”) allocated to them. 

Legislation requires that the navigational aids are maintained and that records of maintenance 
and inspections are required. Failure of the lighting mechanism requires immediate attention. 
In addition to this background maintenance, buoys are occasionally damaged by shipping or 
storm conditions.

As historic maintenance expenditure is relatively low we did not consider it appropriate to 
undertake deterioration modelling for this asset type to determine future expenditure 
requirements. We have determined future capital maintenance expenditure requirements at a 
level below current levels, proposing £0.55m/year (compared to our current level of 
£0.76m/year).

B3.7.1.4 Sewerage Infrastructure – Combined Sewer Overflows (CSO’s)

Southern Water has over 400 operational CSO’s, the majority of these are overflows from the 
sewerage system where discharges arise from the over-topping of a weir and as such require 
minimal maintenance. We do however have an increasing number of CSO’s where, as a 
result of the environmental improvement programme, more complex plant has been 
constructed. The improvement programme has resulted in assets that are now approaching 
10-15 years old but as yet we are not seeing a significant asset maintenance requirement. It 
is for this reason that we have not included for capital maintenance funding for this asset type 
in the FBP. We believe that by management of the risk we can achieve maintenance of these 
assets through opex expenditure during the AMP5 period.

B3.7.1.5 Summary

In order to consider the potential for improvements in serviceability where supported by 
customer WTP, we have applied a cost benefit approach to sewerage infrastructure assets. 

The increase in expenditure proposed for AMP5 over the current AMP period arises from the 
need to improve serviceability, both in order to correct our current marginal categorisation 
(JR07 and JR08), and in order to provide the serviceability improvements justified by 
customer WTP. 

The investment is predicted to achieve the following improvements (relative to the typical 
number of incidents currently associated with each asset group):

Table B3.185. Forecast serviceability indicator performance improvement for sewerage 
infrastructure in AMP5

Serviceability Indicator Improvement 
Achieved

Blockages 5.7%

Collapses 0.9%

Internal flooding due to collapses 1.6%

Internal flooding due to blockages and collapses 6.6%

External flooding due to blockage or collapse 6.3%

Pollution (Cat 1-3) due to blockage or collapse 5.8%

Rising mains bursts 4.3%
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Serviceability Indicator Improvement 
Achieved

Category 1 and 2 pollution incidents due to 
rising mains

3.8%

Category 3 pollution incidents due to rising 
mains

3.7%

Property flooding incidents due to rising mains 6.8%

Delivery

Delivery of this element of the programme will be through a re-tendered Multi Services 
framework that will include water and wastewater infrastructure capital delivery. We are 
confident that this will build on our successful delivery of the AMP4 programme using a similar 
approach.

B3.7.2 Sewerage Non-Infrastructure – Wastewater treatment works

Southern Water currently operates a total of 372 Wastewater Treatment Works (WTWs) 
across Hampshire, Sussex, Kent and the Isle of Wight. Wastewater from nearly two million 
households is treated and recycled.

The data and analysis used in the preparation of this Business Plan were the same for all 
types of non-infrastructure sewerage assets, including Wastewater Pumping Stations and 
Sludge Treatment Centres.

B3.7.2.1 Data

The principal asset observations informing the forward looking analysis were collected from a 
number of sources. These are listed below in Table B3.186.

Table B3.186. Data Sources for Sewerage Non-Infrastructure Asset Observations

Source Asset Observations

Works Process Flow Diagrams Configurations, capacities, unit counts

Site Surveys Installation dates, condition grades

Ellipse asset inventory Installation dates, unit counts, capacities

Pump manufacturers Installation dates

SWATSE database (Wastewater Process Tool) Configurations, capacities, unit counts

Southern Water staff Configurations, capacities, unit counts

Asset failures are monitored via the Southern Water Ellipse Computerised Maintenance 
Management System. All assets in Ellipse are assigned to one of five hierarchy levels which 
in descending order are Site, Function, Process, Equipment Set and Component. For work 
orders to be correctly linked to a failure mode they must be attached at either Equipment Set 
or Component level. Monitoring has improved significantly since PR04 and there has been a 
significant increase in the proportion of Work Orders being recorded at these lower levels 
since 2005. For more details see section B3.6.3.2.
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Where data gaps exist within Ellipse, these were filled where possible from a variety of 
sources. For example, installation dates were acquired from the manufacturer for a total of 
over 4000 pumps to enhance the asset data available for modelling.  

Site inspections of 750 sites have also been carried out within the last 18 months. 

Additional data has been derived based upon expert judgement. A number of ‘expert panels’ 
consider:

• Failure modes;

• Duration of failures;

• Serviceability consequence of failure; and

• Cost consequences of failure.

The expert panels were convened from across the business utilising the knowledge and 
experience of employees from the operational and asset teams. The make up of each panel 
was specific to the asset type under review. 

The review was carried out using a systematic approach that focussed the debate and 
enabled meaningful results to be obtained. Several of the expert panels were witnessed by 
our auditors HMS.

B3.7.2.2 Analysis

B3.7.2.2.1 Historical analysis

Historical serviceability and expenditure

Historical serviceability and expenditure are shown in the Figure below.
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Figure B3.187. Serviceability of sewage treatment works and network pumping stations with 
capex expenditure (Source: 2007/08 June Return)
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The Figure B3.188 Error! Reference source not found.below shows a subset of the 
serviceability data as reported in MD109 Table 1a – Works with numeric consent failures. 
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Figure B3.188. Sewerage Non-Infrastructure Serviceability Indicator performance

Prior to AMP4 serviceability of wastewater non infrastructure had been assessed as 
deteriorating or marginal. Southern Water submitted an improvement plan to OFWAT in 
March 2006 aimed at returning the wastewater non-infrastructure serviceability rating to 
“stable”. 

The plan consisted of 7 initiatives to improve the current wastewater treatment works 
compliance levels:

• The identification, investigation and resolution of wastewater works compliance problems 
– involving the identification of at risk works, site surveys and analysis of works 
performance, and the scoping and completion of asset maintenance to reduce or remove 
the risk.

• Improved on-line monitoring of wastewater compliance

• Trade Effluent license reviews and appropriate revision to traders consents

• Cess and Septic tank liquor control audits

• Compliance training for wastewater staff

• Sampling point inspections and problem resolution

• Delivery of main capital programmed outputs.

£69.5m has been spent on 356 schemes in the first 4 years of AMP4, specifically on the 
improvement plan which has been extensive, delivered to programme and effective. 
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Following implementation of the improvement plan the sub-service has now been upgraded 
directly from deteriorating to stable in JR08.

The Figure below shows in more detail the serviceability indicators from 2000 to 2008 (JR01-
JR08) and illustrates the improvements that have been achieved since 2004 (JR05). 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

JR00 JR01 JR02 JR03 JR04 JR05 JR06 JR07 JR08

R
a
ti

o
 o

f 
A

v
e
ra

g
e
 o

f 
A

c
tu

a
l

R
a

ti
o

 o
f 

A
v

e
ra

g
e

 o
f 

A
c

tu
a

l

STW Numeric Failure BOD Events Max>2 BOD Events 95ile>2

BOD Events Mean>0.5 SS Events Max>2 SS Events 95ile>2

SS Events Mean>0.5 Failing LUTWRA

Servicibility Indicators
JR03: Deteroriating
JR04: Marginal
JR05: Deteriorating
JR06: Deteriorating
JR07: Deteroriating
JR08: Stable

Figure B3.189. Serviceability Indicator performance for sewerage non-infrastructure

Biological Oxygen Demand (BOD) and Suspended Solids (SS) performance have shown an 
improving trend since June Return 2005 and June Return 2003, respectively. Serviceability 
started showing significant improvement in 2007 and continued to improve throughout 2008. 
The period over which the improvement was achieved relates to the implementation of the 
improvement plan showing the effectiveness of the measures taken.

Despite the recent Compliance work and the overall renewal spend there is a rising trend of 
reactive maintenance recorded in our Ellipse system as being due to causes such as 
‘corrosion’ and ‘hardware failure’. This observation provides some practical evidence of the 
need for a further increase in capital maintenance expenditure to prevent the consequential 
impact on serviceability.

There has been a high incidence of reactive work caused by the failures of inlet screens and 
the associated equipment. These failures lead to blockages downstream in wastewater 
treatment works (WTWs) which can lead to effluent quality non-compliance and additional 
costs of sludge treatment and disposal. This provides further evidence that increased 
proactive maintenance of inlet works is required, which confirms the results of the forward-
looking analysis below.
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Depreciation

Figure B3.190 below shows an analysis of capital maintenance expenditure and depreciation 
charge for wastewater non-infrastructure assets over the last three AMP periods. 
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Figure B3.190. Analysis of capital maintenance expenditure and depreciation charge for 
wastewater non-infrastructure assets

The analysis indicates that the depreciation provision exceeded the capital maintenance 
expenditure in AMPs 2, 3 & 4. OFWAT’s technical paper

8
on financial modelling states that 

“Capital maintenance comprises the long-run cost of maintaining the asset systems that is the 
infrastructure renewals charge (IRC) on below-ground assets and the current cost 
depreciation charge (CCD) on above-ground assets”.

The aggregate base capital expenditure forecast for wastewater in AMP4 is less than the 
aggregate annual depreciation charge for same period. This shows AMP4 was under funded 
by  million. Table B3.191 below shows the same analysis for previous AMPs. 

  
8 Source: OFWAT technical paper, Aquarius 3 Financial Model rule book, section 5.4, page 14. The comparison of 

current cost depreciation charge (CCD) and non-infrastructure assets (page 20) – “if the service capability of pool 
of non infrastructure assets is in study state and accounting life of assets is equivalent to their service life, then in 
the long run capital maintenance expenditure to renew and replaces the asset base (maintenance non-
infrastructure assets) and the current cost of depreciation charge for those assets are comparable”.   
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Table B3.191. Comparison of capital maintenance expenditure and depreciation charge

Plan

Depreciation 
Provision

(£m)

Base Capital 
Maintenance

(£m)

Difference 
(under/over 
spending)

(£m)

AMP2

AMP3

AMP4

Therefore depreciation has consistently exceeded capital maintenance funding over a number 
of AMPs.  For AMP4 this figure is in the order of £21m.

Growth in asset base

In order to examine the effects of the historic expenditure Figure B3.192 below is included to 
show the current age profile of the asset base.
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Figure B3.192. Component level aging

The graph shows that there is a high proportion of new components skewed toward the 0-5 
and 5-10 years groups signifying that large numbers of components are relatively new. This 
reflects the recent renewals and additions and the compliance initiative. However nearly 30 
percent of the wastewater components are still over 15 years old and are likely to require 
renewal in the near future. Further historic analysis of the life of additional/enhanced assets 
invested in over the period 1996 – 2008 is shown in Figure B3.193 below.
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Figure B3.193. Additions/enhancements in wastewater non infrastructure

Figure B3.193 shows that addition of medium term assets with life of 10-30 years dominated 
CAPEX expenditure during 1996 to 2008. Very short lived (0 to 5 years) assets installed in 
AMP4, short lived (5 to 10 years) assets installed in AMP3 and some of the medium term (10 
to 30 years) assets installed in AMP2 will be up for renewal in AMP5. In order to estimate the 
additional future base maintenance due to these historic enhancements/additions to the asset 
base, and for comparison with the forward-looking analysis below, the data has been 
analysed using the UKWIR methodology given in “Capital Maintenance Planning Implications 
for Maintenance of Growth in the Asset Base”, published in 2003 (Report 
Ref.No.03/RG/05/9). 

The basic concept applied within the methodology is that if an asset is added to the existing 
asset base of the company in year ‘n’ (say 1990), then at some stage in the future this asset 
needs to be replaced. For accounting practices assets are grouped into categories based on 
their expected lives.

The result of this analysis is shown in Figure B3.194. 
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Figure B3.194. Expected replacement time of assets

The expected replacement pattern above is based on the assumption that all assets will 
require renewal at a date which is less than or equal to the expected life of the asset. For 
example, if equipment was installed in 1995 with expected life of 10 years, then the 
equipment is scheduled for replacement in 2005 and then again in 2015. Figure B3.194
shows the renewal pattern for the CAPEX (based on historic additions/enhancements to the 
asset base) shown in Figure B3.195 for the AMP5 period in more detail.
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Figure B3.195. Impact of historic growth on renewals in AMP5

On the basis of this analysis additional base maintenance for AMP5, due to previous historic 
asset additions programmes, is anticipated to be in the order of £26m. This is broadly 
consistent with the results of the forward-looking analysis which takes account of the age 
profile of the asset stock and uses these data in the context of a more detailed and complete 
serviceability modelling approach.

B3.7.2.2.2 Forward looking analysis – service and cost forecasting

The selected approach to risk analysis for Sewerage Non-Infrastructure assets was an 
advanced application of   Failure Modes Effects and Criticality Analysis (FMECA) which builds 
upon the approach adopted successfully for PR04. 

The approach is categorised as “Service modelling with repairable and non-repairable failure 
modes” using the categorisation approach provided by the UKWIR Common Framework 
Review

9
. This category of analytical approach is amongst those assessed as being Most 

Successful at PR04 from the viewpoint of Ofwat, the companies and the project contractors.

The inputs to the analysis include:

• The probability of failure of an asset and its increase over time due to deterioration

• The probability of different severities of consequences arising where the consequences 
are expressed in terms customer service/environmental impact (e.g. effluent quality 
failure) and/or asset performance measures (e.g. sludge treatment and disposal via non-
preferred routes).

• The duration of the consequences of an asset failure are captured as a trapezoidal 
distribution

  
9 UKWIR, Capital Maintenance Planning Common Framework: Review of Current Practice, Ref: 05/RG/05/14, ISBN: 

1 84057 395 3, 2005
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• The cost consequences of asset failure.

Other inputs include the full attribution of the asset such as age, configuration (parallel units), 
material, type, function, etc. as described below. 

The output of the risk analysis is:

• a forecast over the planning horizon the expected number of incidents of consequences 
at each level of severity (e.g. EA Pollution incident category 1, 2 or 3) with and without 
proactive capital maintenance (i.e. pre and post intervention risk)

• the most cost-beneficial set of interventions and their costs required to prevent any 
deterioration in serviceability to customers and the environment as determined by the use 
of a formal optimisation process 

• The risk status for each site can be assessed by aggregating the expected numbers of 
incidents into risk scores for each serviceability measure considered so that sites such as 
those with an increasing risk of effluent quality failure (as expressed by the forecast 
numbers of pollution incidents for example) can be ranked and considered for 
intervention.   

The data used within the modelling is as follows:

Ellipse – this is the asset register for non-infrastructure assets containing details relating to 
the asset e.g. capacity, kW rating, installation date. Additionally Ellipse is also the 
maintenance management system and is used for the issuing of routine maintenance tasks 
and recording the details of reactive maintenance. 

Where data gaps exist within Ellipse, these were filled where possible from a variety of 
sources. For example, installation dates were acquired from the manufacturer for a total of 
over 4000 pumps to enhance the asset data available for modelling.  

Site inspections of 750 sites have also been carried out within the last 18 months. 

Additional data has been derived based upon expert judgement. A number of ‘expert panels’ 
consider:

• Failure modes;

• Duration of failures;

• Serviceability consequence of failure; and

• Cost consequences of failure.

The expert panels were convened from across the business utilising the knowledge and 
experience of employees from the operational and asset teams. The make up of each panel 
was specific to the asset type under review. 

The review was carried out using a systematic approach that focussed the debate and 
enabled meaningful results to be obtained. Several of the expert panels were witnessed by 
our auditors HMS.

The output from the expert panels developed the following failure modes for the generic 
groups shown in the table below.
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Table B3.196 – Number of failure modes in each generic group (WTWs)

Generic Group Failure Modes

WTW – Primary treatment only 96

WTW – Primary + AS 100

WTW – Primary + BF 99

WTW – Primary + AS/BF + tertiary treatment 113

Other data sources utilised include:

• Works process flow diagrams – provide data on configurations, capacities and process 
units; and

• The wastewater process database (SWATSE) – provides configurations, capacities and 
process units.

A total of 120 failure modes were identified for wastewater treatment works, split into 45 unit 
processes. For any particular site, only the failure modes on unit processes present at that 
site are applied.

For example, at Bury WTW, there are the following unit processes:

• Storm overflow;

• Storm tanks.

• Screening;

• Screenings handling;

• Primary sedimentation;

• Biological filters (circular);

• Humus settlement tanks;

• Recirculation pumping station;

• Electricity supply; and

• Potable water system.

Each unit process contains the assets that perform the indicated function. For example the 
following assets can exist in the biological filters unit process identified above:

• M&E equipment (including filter arms and central column bearings);

• Dosing syphon and feed chamber; and

• Filter wall and underfloor drainage system.

The following service areas were identified as being important for wastewater assets:

• Effluent Quality;

• Flow Compliance;

• Odour;

• Flooding;

• Sludge;
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• Pollution; and

• Health & Safety.

For each of these service areas, a set of consequence severity definitions was developed, 
using up to five severity levels ranging from ‘Very Low’ to ‘Very High’ with each consequence 
being defined as far as possible in terms of real measurable events. Each severity level was 
scored to indicate its relative severity, with the highest level being allocated a score of 10. 

Failure modes were classified into one of three types:

• Repairable – failures where the asset can be repaired to an operational state, for 
example, failure of a large inlet screw pump;

• Non-repairable – failures where the asset cannot be or is generally not repaired, for 
example, the failure of a flow meter; and

• Deterioration to more expensive intervention state (DTMEIS) – events where if no action 
is taken an asset will deteriorate to a state in which a higher level of expenditure is 
required to restore it to ‘as new’ condition. For example, refurbishing a settlement tank 
once minor cracking is observed is more cost-effective than intervening once major 
cracking and leaks occur.

Draft failure modes were prepared for each facility type. For wastewater treatment works 
these were based on those used for the forward-looking analysis undertaken to forecast 
AMP4 requirements; for other facility types they were based on the contractors’ experience in 
undertaking similar analysis for a range of clients. In identifying failure modes it is important to 
focus attention on the principal assets and their performance, service and cost impacts.

Expert Panel meetings were convened between June and November 2007 in order to review 
the draft failure modes and make judgements relating to the duration, cost and consequences 
of each. In each case the panels consisted of a number of experienced Southern Water 
operational staff and were facilitated by the consultant. These Expert Panel meetings were 
reconvened between the DBP and FBP submissions to review their original judgements 
where sensitivity analysis had indicated that these were most influential on the DBP results. 
These additional panel meetings were attended by a broad range of Southern Water staff and 
some were observed by our Reporter, HMS.

Probability of failure

For each failure mode, failure ‘probabilities’ were initially estimated by the Expert Panel as 
follows:

• For repairable failure modes – as either failure rates (expected numbers of failures per 
year) or Mean Time Between Failure (MTBF);

• For non-repairable failure modes – as either survival probabilities (probability of survival 
to a given date), or conditional probabilities of failure (probability of failure in year N given 
survival to the start of year N).

In all cases the Expert Panel was asked to estimate failure rates in the presence of routine 
operational maintenance of the asset, assuming repairable failure modes are repaired 
according to normal Company practice.

The Expert Panel estimates were then validated using data from Ellipse or checked for 
reasonableness by peer review.

When applying failure probabilities, the analysis takes into account the effect of configuration 
(i.e. number of units in parallel) on the overall reliability of the process stage.
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For failure modes associated with the deterioration of an asset to a more expensive 
intervention state (DTMEIS) the transition probabilities between condition states were 
calibrated against condition survey data.

Service consequences of failure

The service consequences expected to result from each failure mode were assessed by the 
Expert Panels against the consequence severity scales for each service area, as described 
above.

Where appropriate a ‘tolerable loss’ factor was defined to represent the proportion of parallel 
unit capacity which would need to fail in order for a service impact to arise.

In order to reflect uncertainties regarding the consequence severity that would result from a 
failure mode, a percentage probability was specified for each possible severity level. Where 
these probabilities summed to less than 100%, the remainder represented the probability that 
no service consequence would result, given that the asset failure has occurred.

Cost consequences of failure

The cost consequences of failure were estimated by Expert Panel members. These included 
repair, clean up and any other costs associated with the failure (including man time, parts and 
consumables).

Where judged significant the following costs were also included, proportional to the duration 
of the failure consequence:

• Weekly costs associated with the failure, for example to cover the hire of temporary 
equipment; and

• Additional sludge disposal costs.

In order to reflect the variability of failure costs, minimum and maximum costs were estimated, 
together with a most likely range. These figures were used to define a cost distribution for use 
in the optimisation calculations.

When selecting optimal interventions (as described below), reductions in the future cost 
consequences of failure are included when calculating the net discounted cost of the 
intervention.

The Figure below shows the forecast cost consequences of failure (including reactive 
replacements following non-repairable failures) in the absence of proactive interventions, for
WTWs.
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Forecast cost consequences of failure in the absence of proactive interventions

Validation of the estimation approaches

Between Draft and Final Business Plan the Expert Panel failure rate judgements were 
validated for some of the more commonly occurring failure modes using the work order data 
stored in Ellipse.

The Figure below shows the average number of work orders in Ellipse against the age of 
assets, and compares this with the failure rate obtained from the expert panel for this failure 
mode. It can be seen that the expert panel judgement and the work order data are in 
reasonable alignment.
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Figure B3.197. Expert panel failure rate judgment and failure rate derived from Ellipse work 
orders, for Circular Biological Filter M&E equipment

As a complement to the above validation at the detailed level, we have validated failure rate 
judgements at the treatment works level as follows, also using data from Ellipse. We did this 
by calculating the proportion of asset failures occurring at each treatment works both from the 
forward-looking analysis models and from recent data stored within Ellipse. The comparison 
between these modelled and observed asset performance data is shown in the Figure below. 
It can be seen that there is reasonable agreement between the two datasets.
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Figure B3.198. Validation of Expert Judgement data with Ellipse data for wastewater 
treatment works asset failures

Forecast service

The probability and consequence models were used to forecast the expected number of 
service failures in each service area and severity level, across the next five Review periods. 
The expected number of service failures was calculated taking account of the number of 
parallel units present in each unit process, and the number of these units which could fail 
without causing a service consequence. The latter was specified either via the number of duty 
and standby units present, or as a ‘tolerable loss’ percentage determined by the Expert Panel 
as described above.

The expected numbers of service failures were aggregated for each service area by 
multiplying by the severity scores and summing. The resulting risk score is shown as the blue 
line in the Figure below.
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Figure B3.199 – Forecast of risk under differing maintenance strategies (for flooding service 
area at Wastewater Treatment Works)

B3.7.2.2.3 Forward looking analysis – intervention analysis

Selection of the planning objective

The Common Framework cost-effectiveness planning objective has been applied. This 
involves selecting the capital maintenance and operation interventions which will minimise the 
total discounted cost of maintaining the current service to customers and the environment 
over each future review period considered (AMP5 through to AMP9). This planning objective 
has been selected on the basis that we are planning to maintain stable serviceability for 
sewerage non-infrastructure assets and that customers have not indicated improvements in 
service as a priority.

Intervention options 

Unit processes were split into a number of components for the purposes of considering 
interventions.

The intervention options considered comprised replacement and/or refurbishment of each 
component. The choice between replacement and refurbishment was guided by Expert Panel 
judgements. Both options were considered for long-life assets where maintenance is 
motivated by concern to avoid deterioration to a more expensive intervention state (DTMEIS). 

Each intervention option was considered for each year of the next five Review periods.

Impact of interventions

The impact of each intervention option on service was quantified as an impact on the risk 
score for each service area and future year. This was calculated from the improvement in the 
expected number of consequence events which would be achieved by replacing or 
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refurbishing the asset, taking account of the number of parallel units present in each unit 
process and any standby capacity or ‘tolerable loss’.

It was assumed that both replacement and refurbishment would return the asset to equivalent 
to ‘as new’ condition. (It is accepted that this is not always the case in practice since in many 
cases refurbishment will not return the asset to ‘as new’. The assumption would therefore 
tend to underestimate capital maintenance requirements.)

Intervention Costs

Faithful & Gould developed cost equations for all non-infrastructure assets considered within 
the forward-looking analysis.

The cost equations were prepared using our own cost data recorded during the delivery of the 
AMP 4 Programme. The work breakdown structure used is based on our estimating tool 
(SWET), which has been developed to match the main water and wastewater treatment 
processes.

Where necessary gaps in our own cost data have been filled using industry cost data 
analysed by Faithful & Gould. Benchmarking has been undertaken to confirm the accuracy of 
the non-Southern Water cost data using newly available data from our SWET database. 

The approach used for costing refurbishment interventions was to apply a proportion of the 
replacement cost, with the proportion varying with asset condition. The proportions used were 
estimated by Faithful & Gould based on their experience of costing refurbishment schemes.

In deriving the net cost of an intervention, a discount rate of 5.5% has been applied to all 
future costs and savings, including capital and operation costs, social and environmental 
costs and customer Willingness to Pay where applicable. Future costs are calculated for each 
year over the 25-year planning horizon, discounted back to the intervention date, and then 
added to the intervention cost to derive the net cost used in the selection of interventions. 

For each intervention the changes in operational costs associated with undertaking the 
intervention are calculated for each future year. The cost changes comprise the savings due 
to cost consequences of failure that will no longer be incurred as a result of the intervention.

Selection of optimal interventions 

The optimal interventions were selected using intervention selection software that takes into 
account both the risk of asset failure as expressed by forecast of expected serviceability to 
customers and the environment, as well as the economics to ensure the ‘economic level of 
capital maintenance’ is determined.

The selection process is as follows:

• Interventions are identified which should be undertaken on economic grounds, when the 
discounted failure costs that would be averted by the intervention are sufficient to justify 
the intervention costs. For DTMEIS failure modes, the optimal economic replacement 
lifetime for the asset was calculated and used to perform interventions at that specified 
interval;

• Service is re-forecast in the presence of these interventions; and

• Further interventions are selected, or economic interventions are brought forward in time, 
so that service is maintained at minimum total (whole-life) cost. This is undertaken in 
practice by ensuring that the risk measure or score for each service area does not 
increase from its 2010 level. 

Separate optimisations were undertaken for each facility type.

Interdependencies between the intervention options have been taken into account in the 
optimisation as follows:
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• No intervention can be selected more than once within a 1-year period.

• An asset cannot be subject to both replacement and refurbishment within a 1-year period.

• The benefits of an intervention option are recalculated in each intervention period to take 
account of interventions that have been undertaken on the asset in previous periods.

• There are no relevant cost interdependencies.

Sensitivity analysis

Sensitivity analysis has been undertaken on the results of the wastewater treatment works 
analysis, by considering the effect of varying all input parameters by ±20% (with the exception 
of installation year which was varied by ±1 year for assets installed later than 1989 and ±5 
years for all other assets). 

The results of this analysis are shown in Table B3.200 below:

Table B3.200. Sensitivity Analysis results for wastewater treatment works model

Change Extent
Resulting % change 

in AMP5 CAPEX

20% decrease -3.7
Failure rates and 

survival probabilities
20% increase 3.3

20% decrease 0.1
Repair durations

20% increase -0.4

20% decrease 0.3
Effects durations

20% increase 0.0

20% decrease -0.3
Consequence 
probabilities

20% increase -0.2

5 years earlier pre-1989; 
1 year earlier post-1989

9.8

Installation dates
5 years later pre-1989;

1 year later post-1989
-20.0

5 years earlier pre-1989; 
1 year earlier post-1989

0.0

Last refurbishment 
dates 5 years later pre-1989;

1 year later post-1989
0.0

20% decrease -11.1
Replacement costs

20% increase 9.9
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Change Extent
Resulting % change 

in AMP5 CAPEX

20% decrease -6.1
Refurbishment costs

20% increase 6.1

20% decrease -3.3
Repair costs

20% increase 2.9

It should be noted that this is an extreme value sensitivity analysis in which significant 
changes in a single direction are applied to many assets. In practice there is likely to be a 
distribution of errors of different sizes in both directions, leading to a less significant impact on 
results. 

To further investigate the effect of uncertainty in the installation dates, a Monte Carlo 
simulation approach was applied. The analysis was repeated 1000 times with the age of each 
asset in each repetition sampled from a normal distribution with a mean of its original value 
and a 95% confidence interval of 20% of that value.

The results of this analysis gave a distribution of AMP5 capital expenditure values. 95% of 
these values were within 9% of the original value. This shows that the extreme value analysis 
is indeed a worst case scenario, and that the sensitivity to the likely variation in installation 
dates is reasonably low.

Delivery

Delivery of this element of work will be primarily undertaken through our innovative Single 
Entity Contract (SEC) with 4Delivery which was put in place at the beginning of AMP4.  Our 
excellent performance in the delivery of the Capital Programme for AMP4 clearly 
demonstrated the success of this strategy.  Provision was made in the contract to extend it for 
AMP5 and discussions are well advanced with 4Delivery to do this.  Accordingly the contract 
will continue to underpin our delivery strategy for this element of the Capital Programme. 

B3.7.2.3 Summary – Wastewater Treatment Works

Table B3.201 below provides a summary of the Capital Maintenance investment requirements 
in AMP5 and beyond, derived from the above forward-looking analysis. 

Table B3.201. Forecast Capital Maintenance requirements for Wastewater treatment works

Facility type AMP5 AMP6 AMP7 AMP8 AMP9

WTW

Table B3.202 below summarises the results of the analysis in terms of expenditure on the 
replacement and refurbishment of assets. 



Southern Water
Final Business Plan 2009
B.3  Maintaining Service and Serviceability

- 252 -

Table B3.202. Capital Maintenance requirements estimated by forward-looking analysis in £m

Facility type AMP5 AMP6 AMP7 AMP8 AMP9

WTW (repair 
and refurbish)

WTW 
(replacement)

Total

The peak of expenditure forecast for AMP5 results from the selection of interventions that are 
overdue for implementation on economic grounds at the start of the AMP5 period. The failure 
rate and cost of failure judgements associated with these interventions have been reviewed 
and validated prior to the Final Business Plan, giving rise to much of the difference in the final 
figures.

Table B3.203 below shows some example intervention costs for Tenterden WTW.

Table B3.203. Interventions identified for Tenterden WTW during AMP5

Unit process Asset Intervention Cost (£k)

Biological filters M&E equipment Replace

Chemical dosing (ferric) Control system Replace

Drum filters Pipework Replace

Odour treatment Control and monitoring Replace

Odour treatment Media Replace

Primary sedimentation Desludging equipment Replace

Primary sedimentation
Feed distribution 
chamber Refurbish

Storm overflow
Event and duration 
monitoring equipment Replace

Storm tanks Scraper Replace

The analysis shows that a purely reactive approach to maintenance will lead to increasing 
costs as failure rates increase. A lower whole-life cost can be achieved by undertaking 
maintenance justified on economic grounds, with further maintenance required to achieve 
stable risk.

Following a peak of overdue economic interventions identified for 2010, expenditure 
requirements drop to a relatively low level, before gradually increasing as the assets affected 
by the 2010 interventions deteriorate.

Figure B3.204 shows the total risk score over the next five AMP periods for WTWs. 
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Figure B3.204 – Risk at WTWs

It should be noted that the proposed Capital Maintenance on wastewater treatment works 
assets has reduced significantly (by approximately 40%) since the DBP submission. This is in 
part due to a thorough review of overlaps in investment requirements between Capital 
Maintenance, Quality and Growth programmes, which has enabled many Capital 
Maintenance interventions to be removed from the plan, as these assets are being replaced 
under other programmes of work.

Table B3.205 shows the various elements that are included in the capital maintenance 
programme in AMP5 for wastewater treatment works. The section relating to “Maintaining 
Serviceability” represents the investment detailed above. We have also shown the extent of 
overlap between capital maintenance activities and the AMP5 Quality programme. More 
details relating to Hydrogen Sulphide Attack, Emergency Plans, Compliance with the 
Industrial Emissions Directive and Site Drainage investigations are provided in section B3.8.1.
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Table B3.205. AMP5 capex for wastewater treatment works

AMP5 Capex 
(£m)

Maintaining Serviceability

Maintaining serviceability integrated into Q programme

Subtotal (Risk-based schemes)

Carbon reduction schemes

Hydrogen sulphide Attack Investigations

WTW Emergency Plans

Compliance with Industrial Emissions Directive

Site Drainage Investigations

Total 

B3.7.3 Sewerage Non-Infrastructure – Wastewater Pumping Stations

Southern Water currently operates a total of 2,101 wastewater pumping stations (WPSs) 
across Hampshire, Sussex, Kent and the Isle of Wight. 

The data and analysis used in the preparation of this Business Plan were the same for all 
types of non-infrastructure sewerage assets, including Wastewater Treatment Works and 
Sludge Treatment Centres.

B3.7.3.1 Data

The principal asset observations informing the analysis were collected from a number of 
sources. These are listed below in Table B3.206.

Link to SDS and customer priorities

This section has demonstrated that there is a requirement for increased investment in 
water treatment works to avoid increasing serviceability risk in the future. This 
proposal is consistent with achieving our SDS objective of providing “resilient services 
to customers in a changing environment”.

In our customer surveys, a range of sewerage priorities were identified that will be 
addressed by this programme of work. These include reducing levels of pollution, 
improving river and bathing water quality and reducing Greenhouse Gas emissions. 
Proactive capital maintenance will contribute towards addressing these priorities.
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Table B3.206. Data Sources for Sewerage Non-Infrastructure Asset Observations

Source Asset Observations

Works Process Flow Diagrams Configurations, capacities, unit counts

Site Surveys Installation dates, condition grades

Ellipse asset inventory Installation dates, unit counts, capacities

Pump manufacturers Installation dates

SWATSE database (Wastewater Process Tool) Configurations, capacities, unit counts

Southern Water staff Configurations, capacities, unit counts

Asset failures are monitored via the Southern Water Ellipse Computerised Maintenance 
Management System. All assets in Ellipse are assigned to one of five hierarchy levels which 
in descending order are Site, Function, Process, Equipment Set and Component. For work 
orders to be correctly linked to a failure mode they must be attached at either Equipment Set 
or Component level. Monitoring has improved significantly since PR04 and there has been a 
significant increase in the proportion of Work Orders being recorded at these lower levels 
since 2005. For more details, see section B3.6.3.2.

B3.7.3.2 Analysis

B3.7.3.2.1 Historical analysis

Historical serviceability

The historical serviceability of wastewater pumping stations, measured as the number of 
pollution incidents attributed to these assets, is shown in the graph below.
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Figure B3.207. Number of pollution incidents attributed to wastewater pumping stations 
(Source: MD109 Table 1d returns 2000-2007)
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Prior to AMP4 serviceability of wastewater non infrastructure had been assessed as 
deteriorating or marginal. Southern Water submitted an improvement plan to OFWAT in 
March 2006 aimed at returning the wastewater non-infrastructure serviceability rating to 
“stable”. Following implementation of the improvement plan the sub-service has now been 
upgraded directly from deteriorating to stable in JR08. In addition to improvements in 
wastewater treatment compliance, this achievement also reflects improved focus on 
wastewater pumping station assets including proactive monitoring of WPS serviceability.

Depreciation

Figure B3.233 below shows an analysis of capital maintenance expenditure and depreciation 
charge for wastewater non-infrastructure assets over the last three AMP periods. 
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Figure B3.208. Analysis of capital maintenance expenditure and depreciation charge for 
wastewater non-infrastructure assets

The analysis indicates that the depreciation provision exceeded the capital maintenance 
expenditure in AMPs 2, 3 & 4. OFWAT’s technical paper

10
on financial modelling states that 

“Capital maintenance comprises the long-run cost of maintaining the asset systems that is the 
infrastructure renewals charge (IRC) on below-ground assets and the current cost 
depreciation charge (CCD) on above-ground assets”.

  
10 Source: OFWAT technical paper, Aquarius 3 Financial Model rule book, section 5.4, page 14. The comparison of 

current cost depreciation charge (CCD) and non-infrastructure assets (page 20) – “if the service capability of pool 
of non infrastructure assets is in study state and accounting life of assets is equivalent to their service life, then in 
the long run capital maintenance expenditure to renew and replaces the asset base (maintenance non-
infrastructure assets) and the current cost of depreciation charge for those assets are comparable”.   
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The aggregate base capital expenditure forecast for wastewater in AMP4 is less than the 
aggregate annual depreciation charge for same period. This shows AMP4 was underfunded 
by £21.42 million

11
. Table B3.191 below shows the same analysis for previous various AMPs. 

Table B3.209. Comparison of capital maintenance expenditure and depreciation charge

Plan

Depreciation 
Provision

(£ million)

Base Capital 
Maintenance

(£ million)

Difference 
(under/over 
spending)

(£ million)

AMP2

AMP3

AMP4

Therefore depreciation has consistently exceeded capital maintenance funding over a number 
of AMP’s.  For AMP4 this figure is in the order of £21m.

Growth in asset base

Historical analysis of the life of additional/enhanced assets invested in over the period 1996 to 
2008 is shown in Figure B3.210 below.
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11 Subject to the assumption made in the calculation for JR09 and JR10. It is assumed that the annual depreciation 

charge for remaining years in AMP4 will follow a long term annual growth of 7.12 percent. The base capital 
expenditure for the remaining two years of AMP4 will be equal to AMP4 forecast  (£605.3 million includes Sewage 
treatment, sludge treatment, terminal pumping station and other non-infrastructure asset, but excludes 
infrastructure assets with non-infra component like sewers is accounts for very small portion) minus capital 
spending in the first 3 years of AMP4. 
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Figure B3.210. Additions/enhancements in wastewater non infrastructure

Figure B3.210 shows that addition of medium term assets with life of 10-30 years dominated 
CAPEX expenditure during 1996 to 2008. Very short lived (0 to 5 years) assets installed in 
AMP4, short lived (5 to 10 years) assets installed in AMP3 and some of the medium term (10 
to 30 years) assets installed in AMP2 will be up for renewal in AMP5. In order to estimate the 
additional future base maintenance due to these historic enhancements/additions to the asset 
base, and for comparison with the forward-looking analysis below, the data has been 
analysed using the UKWIR methodology given in  “Capital Maintenance Planning Implications 
for Maintenance of Growth in the Asset Base”, published in 2003 (Report 
Ref.No.03/RG/05/9). 

The basic concept applied within the methodology is that if an asset is added to the existing 
asset base of the company in year ‘n’ (say 1990), then at some stage in the future this asset 
need to be replaced. For accounting practices assets are grouped into categories based on 
their expected lives.

The result of this analysis is shown in Figure B3.211. 
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Figure B3.211. Expected replacement time of assets

The expected replacement pattern above is based on the assumption that all assets will 
require renewal at a date which is less than or equal to the expected life of the asset. For 
example, if equipment was installed in 1995 with expected life of 10 years, then the 
equipment is scheduled for replacement in 2005 and then again in 2015.

Additional base maintenance for AMP5, due to previous historic asset additions programmes, 
is anticipated to be in the order of . This is broadly consistent with the results of the 
forward-looking analysis which takes account of the age profile of the asset stock and uses 
these data in the context of a more detailed and complete serviceability modelling approach. 
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B3.7.3.2.2 Forward looking analysis – service and cost forecasting

The selected approach to risk analysis for Sewerage Non-Infrastructure assets was an 
advanced application of   Failure Modes Effects and Criticality Analysis (FMECA) which builds 
upon the approach adopted successfully for WTWs at PR04. 

The approach is categorised as “Service modelling with repairable and non-repairable failure 
modes” using the categorisation approach provided by the UKWIR Common Framework 
Review

12
. This category of analytical approach is amongst those assessed as being Most 

Successful at PR04 from the viewpoint of Ofwat, the companies and the project contractors.

The inputs to the analysis include:

• The probability of failure of an asset and its increase over time due to deterioration

• The probability of different severities of consequences arising where the consequences 
are expressed in terms customer service/environmental impact (e.g. effluent quality 
failure) and/or asset performance measures (e.g. sludge treatment and disposal via non-
preferred routes).

• The duration of the consequences of an asset failure are captured as a trapezoidal 
distribution

• The cost consequences of asset failure.

Other inputs include the full attribution of the asset such as age, configuration (parallel units), 
material, type, function, etc. as described below. 

The output of the risk analysis is:

• a forecast over the planning horizon the expected number of incidents of consequences 
at each level of severity (e.g. EA Pollution incident category 1 2 or 3) with and without 
proactive capital maintenance (i.e. pre and post intervention risk)

• the most cost-beneficial set of interventions and their costs required to prevent any 
deterioration in serviceability to customers and the environment as determined by the use 
of a formal optimisation process 

• The risk status for each site can be assessed by aggregating the expected numbers of 
incidents into risk scores for each serviceability measure considered so that sites such as 
those with an increasing risk of effluent quality failure (as expressed by the forecast 
numbers of pollution incidents for example) can be ranked and considered for 
intervention.

The data used within the modelling is as follows:

Ellipse – this is the asset register for non-infrastructure assets containing details relating to 
the asset e.g. capacity, kW rating, installation date. Additionally Ellipse is also the 
maintenance management system and is used for the issuing of routine maintenance tasks 
and recording the details of reactive maintenance. 

Where data gaps exist within Ellipse, these were filled where possible from a variety of 
sources. For example, installation dates were acquired from the manufacturer for a total of 
over 4000 pumps to enhance the asset data available for modelling.  

Specific site inspection data – site inspections of 750 sites have been carried out within the 
last 18 months. 

  
12 UKWIR, Capital Maintenance Planning Common Framework: Review of Current Practice, Ref: 05/RG/05/14, ISBN: 

1 84057 395 3, 2005
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Additional data has been derived based upon expert judgement. A number of ‘expert panels’ 
consider:

• Failure modes;

• Duration of failures;

• Serviceability consequence of failure; and

• Cost consequences of failure.

The expert panels were convened from across the business utilising the knowledge and 
experience of employees from the operational and asset teams. The make up of each panel
was specific to the asset type under review. 

The review was carried out using a systematic approach that focussed the debate and 
enabled meaningful results to be obtained. Several of the expert panels were witnessed by 
our auditors HMS.

The output from the expert panels developed the following failure modes for the generic 
groups shown in the table below. 

Table B3.212 – Number of failure modes in each generic group (WPSs)

Generic Group Failure Modes

Dry well WPS – Flood and pollution risk category A 18

Dry well WPS – Flood and pollution risk category B 18

Dry well WPS – Flood and pollution risk category C 18

Wet well WPS – Flood and pollution risk category A 18

Wet well WPS – Flood and pollution risk category B 18

Wet well WPS – Flood and pollution risk category C 18

Other WPS – Flood and pollution risk category A 18

Other WPS – Flood and pollution risk category B 18

Other WPS – Flood and pollution risk category C 18

Each of these generic groups contains several ‘unit processes’ which cover the various 
functions undertaken at each site. For wastewater pumping stations, all the generic groups 
contained the same unit processes, but the failure rates, durations, costs and consequences 
were specific to pumping stations of that particular type. The unit processes were as follows:

• Pump and ancillaries;

• Control and instrumentation;

• Civil structures;

• Building;

• Electricity supply; and

• Site infrastructure.

Each unit process contains the assets that perform the indicated function. For example the 
following assets can exist in the control and instrumentation unit process identified above:

• Motor control centre including switchgear;
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• PLC or level control; and

• Telemetry outstation.

The following service areas were identified as being important for WPS assets:

• Flow Compliance;

• Odour;

• Flooding;

• Pollution; and

• Health & Safety.

For each of these service areas, a set of consequence severity definitions was developed, 
using up to five severity levels ranging from ‘Very Low’ to ‘Very High’ with each consequence 
being defined as far as possible in terms of real measurable events. Each severity level was 
scored to indicate its relative severity, with the highest level being allocated a score of 10.

Failure modes were classified into one of three types:

• Repairable – failures where the asset can be repaired to an operational state, for 
example, failure of a large screw pump;

• Non-repairable – failures where the asset cannot be or is generally not repaired, for 
example, the failure of a level sensor; and

• Deterioration to more expensive intervention state (DTMEIS) – events where if no action 
is taken an asset will deteriorate to a state in which a higher level of expenditure is 
required to restore it to ‘as new’ condition. For example, refurbishing a WPS substructure 
once minor cracking is observed is more cost-effective than intervening once major 
cracking and leaks occur.

Draft failure modes were prepared for each facility type. For WPS these were based on the 
contractors’ experience in undertaking similar analysis for a range of clients. In identifying 
failure modes it is important to focus attention on the principal assets and their performance, 
service and cost impacts.

Expert Panel meetings were convened between June and November 2007 in order to review 
the draft failure modes and make judgements relating to the duration, cost and consequences 
of each. In each case the panels consisted of a number of experienced Southern Water 
operational staff and were facilitated by the consultant. These Expert Panel meetings were 
reconvened between the DBP and FBP submissions to review their original judgements 
where sensitivity analysis had indicated that these were most influential on the DBP results. 
These additional panel meetings were attended by a broad range of Southern Water staff and 
some were observed by our Reporter, HMS.

Probability of failure

For each failure mode, failure ‘probabilities’ were initially estimated by the Expert Panel as 
follows:

• For repairable failure modes – as either failure rates (expected numbers of failures per 
year) or Mean Time Between Failure (MTBF);

• For non-repairable failure modes – as either survival probabilities (probability of survival 
to a given date), or conditional probabilities of failure (probability of failure in year N given 
survival to the start of year N).
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In all cases the Expert Panel was asked to estimate failure rates in the presence of routine 
operational maintenance of the asset, assuming repairable failure modes are repaired 
according to normal Company practice.

The Expert Panel estimates were then validated using data from Ellipse or checked for 
reasonableness by peer review.

When applying failure probabilities, the analysis takes into account the effect of configuration 
(i.e. number of units in parallel) on the overall reliability of the process stage.

For failure modes associated with the deterioration of an asset to a more expensive 
intervention state (DTMEIS) the transition probabilities between condition states were 
calibrated against condition survey data.

Service consequences of failure

For failure modes resulting in critical loss of pumping station throughput, the same flooding 
and pollution consequences were assigned as were applied to the blockage of the upstream 
sewer. The modelling approach used to derive these consequences is described in detail in 
section B3.7.1.1.2, and includes upstream tracing of the sewerage network to identify the 
manhole or CSO from which wastewater would first escape, followed by overland flow 
modelling to identify the likelihood of pollution or property flooding. This represents a 
wastewater application of integrated system analysis.

Other relevant service consequences expected to result from each failure mode were 
assessed by the Expert Panels against the consequence severity scales for each service 
area, as described above.

Where appropriate a ‘tolerable loss’ factor was defined to represent the proportion of parallel 
unit capacity which would need to fail in order for a service impact to arise.

In order to reflect uncertainties regarding the consequence severity that would result from a 
failure mode, a percentage probability was specified for each possible severity level. Where 
these probabilities summed to less than 100%, the remainder represented the probability that 
no service consequence would result, given that the asset failure has occurred.

Cost consequences of failure

The cost consequences of failure were estimated by Expert Panel members. These included 
repair, clean up and any other costs associated with the failure (including man time, parts and 
consumables).

Where judged significant the following costs were also included, proportional to the duration 
of the failure consequence:

• Weekly costs associated with the failure, for example to cover the hire of temporary 
equipment; and

• Additional sludge disposal costs.

In order to reflect the variability of failure costs, minimum and maximum costs were estimated, 
together with a most likely range. These figures were used to define a cost distribution for use 
in the optimisation calculations.

When selecting optimal interventions (as described below), reductions in the future cost 
consequences of failure are included when calculating the net discounted cost of the 
intervention.

The Figure below shows the forecast cost consequences of failure (including reactive 
replacements following non-repairable failures) in the absence of proactive interventions, for 
WPS.
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Forecast cost consequences of failure in the absence of proactive interventions

Forecast service

The probability and consequence models were used to forecast the expected number of 
service failures in each service area and severity level, across the next five Review periods. 
The expected number of service failures was calculated taking account of the number of 
parallel units present in each unit process, and the number of these units which could fail 
without causing a service consequence. The latter was specified either via the number of duty 
and standby units present, or as a ‘tolerable loss’ percentage determined by the Expert Panel 
as described above.

The expected numbers of service failures were aggregated for each service area by 
multiplying by the severity scores and summing. The resulting risk score is shown as the blue 
line in the Figure below.
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Figure B3.213 – Forecast of risk under differing maintenance strategies (for the internal 
flooding service area at WPSs)

B3.7.3.2.3 Forward looking analysis – intervention analysis

Selection of the planning objective

The Common Framework cost-effectiveness planning objective has been applied. This 
involves selecting the capital maintenance and operation interventions which will minimise the 
total discounted cost of maintaining the current service to customers and the environment 
over each future review period considered (AMP5 through to AMP9). This planning objective 
has been selected on the basis that we are planning to maintain stable serviceability for 
sewerage non-infrastructure assets and that customers have not indicated improvements in 
service as a priority.

Intervention options

Unit processes were split into a number of components for the purposes of considering 
interventions.

The intervention options considered comprised replacement and/or refurbishment of each 
component. The choice between replacement and refurbishment was guided by Expert Panel 
judgements. Both options were considered for long-life assets where maintenance is 
motivated by concern to avoid deterioration to a more expensive intervention state (DTMEIS). 

Each intervention option was considered for each year of the next five Review periods.

Impact of interventions

The impact of each intervention option on service was quantified as an impact on the risk 
score for each service area and future year. This was calculated from the improvement in the 
expected number of consequence events which would be achieved by replacing or 
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refurbishing the asset, taking account of the number of parallel units present in each unit 
process and any standby capacity or ‘tolerable loss’.

It was assumed that both replacement and refurbishment would return the asset to equivalent 
to ‘as new’ condition. (It is accepted that this is not always the case in practice since in many 
cases refurbishment will not return the asset to ‘as new’. The assumption would therefore 
tend to underestimate capital maintenance requirements.)

Intervention Costs

Faithful & Gould developed cost equations for all non-infrastructure assets considered within 
the forward-looking analysis.

The cost equations were prepared using our own cost data recorded during the delivery of the 
AMP 4 Programme. The work breakdown structure used is based on our estimating tool 
(SWET), which has been developed to match the main water and wastewater treatment 
processes.

Where necessary gaps in our own cost data have been filled using industry cost data 
analysed by Faithful & Gould. Benchmarking has been undertaken to confirm the accuracy of 
the non-Southern Water cost data using newly available data from our SWET database. 

The approach used for costing refurbishment interventions was to apply a proportion of the 
replacement cost, with the proportion varying with asset condition. The proportions used were 
estimated by Faithful & Gould based on their experience of costing refurbishment schemes.

In deriving the net cost of an intervention, a discount rate of 5.5% has been applied to all 
future costs and savings, including capital and operation costs, social and environmental 
costs and customer Willingness to Pay where applicable. Future costs are calculated for each 
year over the 25-year planning horizon, discounted back to the intervention date, and then 
added to the intervention cost to derive the net cost used in the selection of interventions. 

For each intervention the changes in operational costs associated with undertaking the 
intervention are calculated for each future year. The cost changes comprise the savings due 
to cost consequences of failure that will no longer be incurred as a result of the intervention.

Selection of optimal interventions 

The optimal interventions were selected using intervention selection software that takes into 
account both the risk of asset failure as expressed by forecast of expected serviceability to 
customers and the environment, as well as the economics to ensure the ‘economic level of 
capital maintenance’ is determined.

The selection process is as follows:

• Interventions are identified which should be undertaken on economic grounds, when the 
discounted failure costs that would be averted by the intervention are sufficient to justify
the intervention costs. For DTMEIS failure modes, the optimal economic replacement 
lifetime for the asset was calculated and used to perform interventions at that specified 
interval;

• Service is re-forecast in the presence of these interventions; and

• Further interventions are selected, or economic interventions are brought forward in time, 
so that service is maintained at minimum total (whole-life) cost. This is undertaken in 
practice by ensuring that the risk measure or for each service area does not increase 
from its 2010 level. 

Separate optimisations were undertaken for each facility type.
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Interdependencies between the intervention options have been taken into account in the 
optimisation as follows:

• No intervention can be selected more than once within a 1-year period.

• An asset cannot be subject to both replacement and refurbishment within a 1-year period.

• The benefits of an intervention option are recalculated in each intervention period to take 
account of interventions that have been undertaken on the asset in previous periods.

• There are no relevant cost interdependencies.

Sensitivity analysis

Sensitivity analysis has been undertaken on the results of the wastewater pumping stations, 
by considering the effect of varying all input parameters by ±20% (with the exception of 
installation year which was varied by ±1 year for assets installed later than 1989 and ±5 years 
for all other assets). The effect of this analysis is shown in Table B3.214 below:

Table B3.214. Sensitivity Analysis results for wastewater pumping stations model

Change Extent
Resulting % change in 

AMP5 CAPEX

20% decrease -12.1
Failure rates and 

survival probabilities
20% increase 15.9

20% decrease 1.6
Repair durations

20% increase 0.0

20% decrease 0.0
Effects durations

20% increase 0.7

20% decrease 0.0
Consequence 
probabilities

20% increase 0.1

5 years earlier pre-1989; 1 
year earlier post-1989

6.0

Installation dates
5 years later pre-1989;

1 year later post-1989
-0.6

5 years earlier pre-1989; 1 
year earlier post-1989

0.0

Last refurbishment 
dates 5 years later pre-1989;

1 year later post-1989
0.0

20% decrease -8.8
Replacement costs

20% increase 17.1
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Change Extent
Resulting % change in 

AMP5 CAPEX

20% decrease -0.1
Refurbishment costs

20% increase 0.1

20% decrease -4.1
Repair costs

20% increase 12.9

It should be noted that this is an extreme value sensitivity analysis in which significant 
changes in a single direction are applied to many assets. In practice there is likely to be a 
distribution of errors of different sizes in both directions, leading to a less significant impact on 
results. 

Delivery

Delivery of this element of work will be primarily undertaken through our innovative Single 
Entity Contract (SEC) with 4Delivery which was put in place at the beginning of AMP4.  Our 
excellent performance in the delivery of the Capital Programme for AMP4 clearly 
demonstrated the success of this strategy.  Provision was made in the contract to extend it for 
AMP5 and discussions are well advanced with 4Delivery to do this.  Accordingly the contract 
will continue to underpin our delivery strategy for this element of the Capital Programme.

B3.7.3.3 Summary – Wastewater Pumping Stations

Table B3.215 below provides a summary of the Capital Maintenance investment requirements 
in AMP5 and beyond for wastewater pumping stations, derived from the above forward-
looking analysis.

Table B3.215. Forecast Capital Maintenance requirements for Wastewater Pumping Stations

Facility type AMP5 AMP6 AMP7 AMP8 AMP9

WPS

Table B3.216 below summarises the results of the analysis in terms of expenditure on the 
replacement and refurbishment of assets. 

Table B3.216. Capital Maintenance requirements estimated by FMECA analysis in £m

Facility type AMP5 AMP6 AMP7 AMP8 AMP9

WPS (repair & 
refurbishment)

WPS 
(replacement)

Total

The failure rate and cost of failure judgements associated with the AMP5 interventions have 
been reviewed and validated in further expert panels prior to the Final Business Plan, which 
has in part resulted in the change to the overall cost from that shown in the DBP.
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Table B3.217 below shows some example intervention costs for WPS’s.

Table B3.217. Example Interventions identified for WPS’s during AMP5

Site Unit process Asset Intervention Cost (£k)

Acorn Close Control & instrumentation MCC Replace

Acorn Close Site Infrastructure Security (fences) Replace

Chiddingly Control & instrumentation MCC Replace

Chiddingly Control & instrumentation Telemetry outstation Replace

Chiddingly Site infrastructure Security (fences) Replace

Palehouse Common Control & instrumentation MCC Replace

Palehouse Common Control & instrumentation Telemetry outstation Replace

The analysis shows that a purely reactive approach to maintenance will lead to increasing 
costs as failure rates increase. A lower whole-life cost can be achieved by undertaking 
maintenance justified on economic grounds, with further maintenance required to achieve 
stable risk.

Risk results

Figure B3.218 shows the internal flooding risk score over the next five AMP periods for 
WPSs. 
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Figure B3.218 – Internal flooding risk at WPSs

Table B3.219 below shows the capital maintenance expenditure planned for AMP5 for water 
pumping station assets. This includes the capital maintenance element of schemes included 
in the AMP5 programme to address sewer flooding. The “Maintaining Serviceability” line 
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relates to the interventions identified by the Tynemarch deterioration modelling described in 
the above section.

During AMP5 we are planning a programme of activities to reduce our carbon emissions. A 
proportion of this cost is included within water pumping stations to reflect the fact that much of 
the activity will be related to improving energy efficiency at these sites.

Table B3.219. AMP5 Capex expenditure on wastewater pumping stations

Capex (£m)

Maintaining Serviceability

Maintaining serviceability integrated into sewer flooding 
programme 

Subtotal (Risk Based analysis)

Carbon reduction scheme

Total

B3.7.4 Sewerage Non-Infrastructure – Sludge Treatment Centres

Southern Water currently operates a total of 19 Sludge Treatment Centre (STCs) across 
Hampshire, Sussex, Kent and the Isle of Wight. 

The data and analysis used in the preparation of this Business Plan were the same for all 
types of non-infrastructure sewerage assets, including wastewater treatment works and 
wastewater pumping stations.

B3.7.4.1 Data

The principal asset observations informing the FMECA analysis were collected from a number 
of sources. These are listed below in Table B3.220.

Link to SDS and customer priorities

We have demonstrated in this section that additional investment in wastewater 
pumping station assets is required to maintain a stable level of serviceability risk into 
the future. This is consistent with achieving our SDS objective of providing “resilient 
services to customers in a changing environment”.

Good performance of our pumping stations is essential to meet our customer priorities 
of reducing flooding from sewers (internal and external), reducing pollution from our 
activities and improving river and bathing water quality. By undertaking our 
programme of proactive capital maintenance on wastewater pumping stations, we will 
work towards addressing these priorities.
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Table B3.220. Data Sources for Sewerage Non-Infrastructure Asset Observations

Source Asset Observations

Works Process Flow Diagrams Configurations, capacities, unit counts

Site Surveys Installation dates, condition grades

Ellipse asset inventory Installation dates, unit counts, capacities

Pump manufacturers Installation dates

Southern Water staff Configurations, capacities, unit counts

Asset failures are monitored via the Southern Water Ellipse Computerised Maintenance 
Management System. All assets in Ellipse are assigned to one of five hierarchy levels which
in descending order are Site, Function, Process, Equipment Set and Component. For work 
orders to be correctly linked to a failure mode they must be attached at either Equipment Set 
or Component level. Monitoring has improved significantly since PR04 and more details are 
given in section B3.6.3.2.

B3.7.4.2 Analysis

B3.7.4.2.1 Historical analysis

Historical serviceability and expenditure

The historic serviceability assessment for the sewerage service is shown in the graph below. 
Although there are no serviceability measures that directly relate to the performance of sludge 
treatment centres, failure or non-availability of this process would quickly impact on 
serviceability through poor performance of the wastewater treatment works.
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Figure B3.221. Serviceability of sewage treatment works and network pumping stations 
(Source: 2007/08 June Return)

A key asset performance indicator for STCs is the proportion of treated sludge that it is 
necessary to dispose of to landfill as a result of non-compliant sludge treatment, as shown in 
the Figure below. It can be seen that an improving trend between 2004 and 2007 has been 
followed by a poor year in 2008. This indicator is included in the forward-looking analysis 
below.
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Figure B3.222. Serviceability of Sludge Treatment Centres 

Prior to AMP4 serviceability of wastewater non infrastructure had been assessed as 
deteriorating or marginal. Southern Water submitted an improvement plan to OFWAT in 
March 2006 aimed at returning the wastewater non-infrastructure serviceability rating to 
“stable”. Following implementation of the improvement plan the sub-service has now been 
upgraded directly from deteriorating to stable in JR08.

Despite these recent improvements, analysis has indicated an increasing number of 
‘hardware failures’ at our STCs as these equipment-intensive assets age. This observation is 
consistent with the failure rate curves used in our forward-looking analysis below, which 
indicates a need for additional maintenance of STCs in AMP5.

Southern Water’s Sludge Treatment Centres (STCs) began coming on line in the 1990s. By 
their nature they are composed principally of M&E equipment with relatively short lives, 
typically of the order of 5 to 10 years. This is reflected in our current AMP 4 investment 
programme of £79m, and is confirmed by the forward-looking risk-based analysis described 
below. 

Depreciation

Figure B3.223 below shows an analysis of capital maintenance expenditure and depreciation 
charge for wastewater non-infrastructure assets over the last three AMP periods. 
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Figure B3.223. Analysis of capital maintenance expenditure and depreciation charge for 
wastewater non-infrastructure assets

The analysis indicates that the depreciation provision exceeded the capital maintenance 
expenditure in AMPs 2, 3 & 4. OFWAT’s technical paper

13
on financial modelling states that 

“Capital maintenance comprises the long-run cost of maintaining the asset systems that is the 
infrastructure renewals charge (IRC) on below-ground assets and the current cost 
depreciation charge (CCD) on above-ground assets”.

The aggregate base capital expenditure forecast for wastewater in AMP4 is less than the 
aggregate annual depreciation charge for same period. This shows AMP4 was underfunded 
by £21.42 million

14
. 

Table B3.224 below shows the same analysis for previous AMPs. 

  
13 Source: OFWAT technical paper, Aquarius 3 Financial Model rule book, section 5.4, page 14. The comparison of 

current cost depreciation charge (CCD) and non-infrastructure assets (page 20) – “if the service capability of pool 
of non infrastructure assets is in study state and accounting life of assets is equivalent to their service life, then in 
the long run capital maintenance expenditure to renew and replaces the asset base (maintenance non-
infrastructure assets) and the current cost of depreciation charge for those assets are comparable”.   

14 Subject to the assumption made in the calculation for JR09 and JR10. It is assumed that the annual depreciation 
charge for remaining years in AMP4 will follow a long term annual growth of 7.12 percent. The base capital 
expenditure for the remaining two years of AMP4 will be equal to AMP4 forecast  (£605.3 million includes Sewage 
treatment, sludge treatment, terminal pumping station and other non-infrastructure asset, but excludes 
infrastructure assets with non-infra component like sewers is accounts for very small portion) minus capital 
spending in the first 3 years of AMP4. 
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Table B3.224. Comparison of capital maintenance expenditure and depreciation charge

Plan

Depreciation 
Provision

(£ million)

Base Capital 
Maintenance

(£ million)

Difference 
(under/over 

spending)

(£ million)

AMP2

AMP3

AMP4  

Therefore depreciation has consistently exceeded capital maintenance funding over a number 
of AMPs.  For AMP4 this figure is in the order of .

Growth in asset base

In order to examine the effects of the historic expenditure Figure B3.225 below is included to 
show the current age profile of the asset base.
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Figure B3.225. Component level aging

The graph shows that there is a high proportion of new components skewed toward the 0-5 
and 5-10 years groups signifying that large numbers of components are relatively new. This 
reflects the recent renewals and additions and the compliance initiative. However nearly 30 
percent of the wastewater components are still over 15 years old and are likely to require 
renewal in the near future. Further historic analysis of the life of additional/enhanced assets 
invested in over the period 1996 to 2008 is shown in Figure B3.226 below.
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Figure B3.226. Additions/enhancements in wastewater non infrastructure

Figure B3.226 shows that addition of medium term assets with life of 10-30 years dominated 
CAPEX expenditure during 1996 – 2008. Very short lived (0 to 5 years) assets installed in 
AMP4, short lived (5 to 10 years) assets installed in AMP3 and some of the medium term (10 
to 30 years) assets installed in AMP2 will be up for renewal in AMP5. In order to estimate the 
additional future base maintenance due to these historic enhancements/additions to the asset 
base, and for comparison with the forward-looking analysis below, the data has been 
analysed using the UKWIR methodology given in  “Capital Maintenance Planning Implications 
for Maintenance of Growth in the Asset Base”, published in 2003 (Report 
Ref.No.03/RG/05/9). 

The basic concept applied within the methodology is that if an asset is added to the existing 
asset base of the company in year ‘n’ (say 1990), then at some stage in the future this asset 
needs to be replaced. For accounting practices assets are grouped into categories based on 
their expected lives.

The result of this analysis is shown in Figure B3.227. 
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Figure B3.227. Expected replacement time of assets

The expected replacement pattern above is based on the assumption that all assets will 
require renewal at a date which is less than or equal to the expected life of the asset. For 
example, if equipment was installed in 1995 with expected life of 10 years, then the 
equipment is scheduled for replacement in 2005 and then again in 2015. Figure B3.228
shows the renewal pattern for the CAPEX (based on historic additions/enhancements to the 
asset base) shown in Figure B3.227 for the AMP5 period in more detail.
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Figure B3.228. Impact of historic growth on renewals in AMP5

On the basis of this analysis additional base maintenance for AMP5, due to previous historic 
asset additions programmes, is anticipated to be in the order of £26m. This is broadly 
consistent with the results of the forward-looking analysis which takes account of the age 
profile of the asset stock and uses these data in the context of a more detailed and complete 
serviceability modelling approach.

B3.7.4.2.2 Forward looking analysis – service and cost forecasting

The selected approach to risk analysis for Sewerage Non-Infrastructure assets was an 
advanced application of   Failure Modes Effects and Criticality Analysis (FMECA) which builds 
upon the approach adopted successfully for wastewater treatment works at PR04. 

The approach is categorised as “Service modelling with repairable and non-repairable failure 
modes” using the categorisation approach provided by the UKWIR Common Framework 
Review

15
. This category of analytical approach is amongst those assessed as being Most 

Successful at PR04 from the viewpoint of Ofwat, the companies and the project contractors.

The inputs to the analysis include:

• The probability of failure of an asset and its increase over time due to deterioration

• The probability of different severities of consequences arising where the consequences 
are expressed in terms customer service/environmental impact (e.g. effluent quality 
failure) and/or asset performance measures (e.g. sludge disposal via non-preferred 
routes).

• The duration of the consequences of an asset failure are captured as a trapezoidal 
distribution

  
15 UKWIR, Capital Maintenance Planning Common Framework: Review of Current Practice, Ref: 05/RG/05/14, ISBN: 
1 84057 395 3, 2005
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• The cost consequences of asset failure.

Other inputs include the full attribution of the asset such as age, configuration (parallel units), 
material, type, function, etc. as described below. 

The output of the risk analysis is:

• a forecast over the planning horizon the expected number of incidents of consequences 
at each level of severity (e.g. EA Pollution incident category 1, 2 or 3) with and without 
proactive capital maintenance (i.e. pre and post intervention risk)

• the most cost-beneficial set of interventions and their costs required to prevent any 
deterioration in serviceability to customers and the environment as determined by the use 
of a formal optimisation process 

• The risk status for each site can be assessed by aggregating the expected numbers of 
incidents into risk scores for each serviceability measure considered so that sites such as 
those with an increasing risk of effluent quality failure (as expressed by the forecast 
numbers of pollution incidents for example) can be ranked and considered for 
intervention. 

The data used within the modelling is as follows:

Ellipse – this is the asset register for non-infrastructure assets containing details relating to 
the asset e.g. capacity, kW rating, installation date. Additionally Ellipse is also the 
maintenance management system and is used for the issuing of routine maintenance tasks 
and recording the details of reactive maintenance. 

Where data gaps exist within Ellipse, these were filled where possible from a variety of 
sources. For example, installation dates were acquired from the manufacturer for a total of 
over 4000 pumps to enhance the asset data available for modelling.  

Site inspections of 750 sites have also been carried out within the last 18 months. 

Additional data has been derived based upon expert judgement. A number of ‘expert panels’ 
considered:

• Failure modes;

• Duration of failures;

• Serviceability consequence of failure; and

• Cost consequences of failure.

The expert panels were convened from across the business utilising the knowledge and 
experience of employees from the operational and asset teams. The make up of each panel 
was specific to the asset type under review.

The review was carried out using a systematic approach that focussed the debate and 
enabled meaningful results to be obtained. Several of the expert panels were witnessed by 
our auditors HMS.

The output from the expert panels developed the following failure modes.

Table B3.229 – Number of failure modes for Sludge Treatment Centres

Facility Type Failure Modes

STC 181
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The major unit processes at sludge treatment centres include:

• Raw sludge thickening;

• Sludge screening;

• Cake reception;

• Digestion;

• Boiler;

• CHP;

• Sludge dewatering;

• Sludge dryer;

• Odour control; and

• Final effluent.

Where asset data indicate that a unit process is not present on a particular site, then the 
failure modes associated with this unit process are excluded and the process is not modelled.

Each unit process contains the assets that perform the indicated function. For example the 
following assets can exist in the odour control unit process identified above:

• Chemical dosing;

• Chlorine monitor;

• Ductwork;

• Fans;

• H2S detection;

• Odour control spray system;

• pH sensor;

• Recirculation pumps;

• Redox sensor;

• Venturi separator; and

• Wet scrubber.

The following service areas were identified as being important for wastewater assets:

• Effluent Quality;

• Odour;

• Sludge disposal to non-preferred route;

• Pollution; and

• Health & Safety.

For each of these service areas, a set of consequence severity definitions was developed, 
using up to five severity levels ranging from ‘Very Low’ to ‘Very High’ with each consequence 
being defined as far as possible in terms of real measurable events. Each severity level was 
scored to indicate its relative severity, with the highest level being allocated a score of 10. 
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Failure modes were classified into one of three types:

• Repairable – failures where the asset can be repaired to an operational state, for 
example, failure of a large inlet screw pump;

• Non-repairable – failures where the asset cannot be or is generally not repaired, for 
example, the failure of a flow meter; and

• Deterioration to more expensive intervention state (DTMEIS) – events where if no action 
is taken an asset will deteriorate to a state in which a higher level of expenditure is 
required to restore it to ‘as new’ condition. For example, refurbishing a settlement tank 
once minor cracking is observed is more cost-effective than intervening once major 
cracking and leaks occur.

Draft failure modes were prepared for each facility type. For sludge treatment centres these 
were based on the contractors’ experience in undertaking similar analysis for a range of 
clients. In identifying failure modes it is important to focus attention on the principal assets 
and their performance, service and cost impacts.

Expert Panel meetings were convened between June and November 2007 in order to review 
the draft failure modes and make judgements relating to the duration, cost and consequences 
of each. In each case the panels consisted of a number of experienced Southern Water 
operational staff and were facilitated by the consultant. These Expert Panel meetings were 
reconvened between the DBP and FBP submissions to review their original judgements 
where sensitivity analysis had indicated that these were most influential on the DBP results. 
These additional panel meetings were attended by a broad range of Southern Water staff and 
some were observed by our Reporter, HMS.

Probability of failure

For each failure mode, failure ‘probabilities’ were initially estimated by the Expert Panel as 
follows:

• For repairable failure modes – as either failure rates (expected numbers of failures per 
year) or Mean Time Between Failure (MTBF);

• For non-repairable failure modes – as either survival probabilities (probability of survival 
to a given date), or conditional probabilities of failure (probability of failure in year N given 
survival to the start of year N).

In all cases the Expert Panel was asked to estimate failure rates in the presence of routine 
operational maintenance of the asset, assuming repairable failure modes are repaired 
according to normal Company practice.

The Expert Panel estimates were then validated using data from Ellipse or checked for 
reasonableness by peer review.

When applying failure probabilities, the analysis takes into account the effect of configuration 
(i.e. number of units in parallel) on the overall reliability of the process stage.

For failure modes associated with the deterioration of an asset to a more expensive 
intervention state (DTMEIS) the transition probabilities between condition states were 
calibrated against condition survey data.

Service consequences of failure

The service consequences expected to result from each failure mode were assessed by the 
Expert Panels against the consequence severity scales for each service area, as described 
above.
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Where appropriate a ‘tolerable loss’ factor was defined to represent the proportion of parallel 
unit capacity which would need to fail in order for a service impact to arise.

In order to reflect uncertainties regarding the consequence severity that would result from a 
failure mode, a percentage probability was specified for each possible severity level. Where 
these probabilities summed to less than 100%, the remainder represented the probability that 
no service consequence would result, given that the asset failure has occurred.

Cost consequences of failure

The cost consequences of failure were estimated by Expert Panel members. These included 
repair, clean up and any other costs associated with the failure (including man time, parts and 
consumables).

Where judged significant the following costs were also included, proportional to the duration 
of the failure consequence:

• Weekly costs associated with the failure, for example to cover the hire of temporary 
equipment; and

• Additional sludge disposal costs.

In order to reflect the variability of failure costs, minimum and maximum costs were estimated, 
together with a most likely range. These figures were used to define a cost distribution for use 
in the optimisation calculations.

When selecting optimal interventions (as described below), reductions in the future cost 
consequences of failure are included when calculating the net discounted cost of the 
intervention. 

The Figure below shows the forecast cost consequences of failure (including reactive 
replacements following non-repairable failures) in the absence of proactive interventions, for 
STCs.

Forecast cost consequences of failure in the absence of proactive interventions
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Validation of the estimation approaches

We have validated failure rate judgements at the STC level as follows, also using data from 
Ellipse. We did this by calculating the proportion of asset failures occurring at each STC both 
from the forward-looking analysis models and from recent data stored within Ellipse. The 
comparison between these modelled and observed asset performance data is shown in the 
Figure below. It can be seen that there is reasonable agreement between the two datasets.
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Figure B3.230. Validation of Expert Judgement data with Ellipse data for wastewater 
treatment works asset failures (one outlier removed)

Forecast service

The probability and consequence models were used to forecast the expected number of 
service failures in each service area and severity level, across the next five Review periods. 
The expected number of service failures was calculated taking account of the number of 
parallel units present in each unit process, and the number of these units which could fail 
without causing a service consequence. The latter was specified either via the number of duty 
and standby units present, or as a ‘tolerable loss’ percentage determined by the Expert Panel 
as described above.

The expected numbers of service failures were aggregated for each service area by 
multiplying by the severity scores and summing. The resulting risk score is shown as the blue 
line in the Figure below.



Southern Water
Final Business Plan 2009
B.3  Maintaining Service and Serviceability

- 282 -

0

1

2

3

4

5

6

7

8

2010 2015 2020 2025 2030 2035

Year

R
e

la
ti

v
e

 R
is

k
 M

e
a

s
u

re

Reactive maintenance only

Maintenance justified on economic grounds

Maintenance required for stable risk

Stable Target

Figure B3.231 – Forecast of odour risk under differing maintenance strategies (for STCs)

B3.7.4.2.3 Forward looking analysis – intervention analysis

Selection of the planning objective

The Common Framework cost-effectiveness planning objective has been applied. This 
involves selecting the capital maintenance and operation interventions which will minimise the 
total discounted cost of maintaining the current service to customers and the environment 
over each future review period considered (AMP5 through to AMP9). This planning objective 
has been selected on the basis that we are planning to maintain stable serviceability for 
sewerage non-infrastructure assets and that customers have not indicated improvements in 
service as a priority.

Intervention options

Unit processes were split into a number of components for the purposes of considering 
interventions.

The intervention options considered comprised replacement and/or refurbishment of each 
component. The choice between replacement and refurbishment was guided by Expert Panel 
judgements. Both options were considered for long-life assets where maintenance is 
motivated by concern to avoid deterioration to a more expensive intervention state (DTMEIS). 

Each intervention option was considered for each year of the next five Review periods.

Impact of interventions

The impact of each intervention option on service was quantified as an impact on the risk 
score for each service area and future year. This was calculated from the improvement in the 
expected number of consequence events which would be achieved by replacing or 
refurbishing the asset, taking account of the number of parallel units present in each unit 
process and any standby capacity or ‘tolerable loss’.
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It was assumed that both replacement and refurbishment would return the asset to equivalent 
to ‘as new’ condition. (It is accepted that this is not always the case in practice since in many 
cases refurbishment will not return the asset to ‘as new’. The assumption would therefore 
tend to underestimate capital maintenance requirements.)

Intervention Costs

Faithful & Gould developed cost equations for all non-infrastructure assets considered within 
the forward-looking analysis.

The cost equations were prepared using our own cost data recorded during the delivery of the 
AMP 4 Programme. The work breakdown structure used is based on our estimating tool 
(SWET), which has been developed to match the main water and wastewater treatment 
processes.

Where necessary gaps in our own cost data have been filled using industry cost data 
analysed by Faithful & Gould. Benchmarking has been undertaken to confirm the accuracy of 
the non-Southern Water cost data using newly available data from our SWET database. 

The approach used for costing refurbishment interventions was to apply a proportion of the 
replacement cost, with the proportion varying with asset condition. The proportions used were 
estimated by Faithful & Gould based on their experience of costing refurbishment schemes.

In deriving the net cost of an intervention, a discount rate of 5.5% has been applied to all 
future costs and savings, including capital and operation costs, social and environmental 
costs and customer Willingness to Pay where applicable. Future costs are calculated for each 
year over the 25-year planning horizon, discounted back to the intervention date, and then 
added to the intervention cost to derive the net cost used in the selection of interventions.

For each intervention the changes in operational costs associated with undertaking the 
intervention are calculated for each future year. The cost changes comprise the savings due 
to cost consequences of failure that will no longer be incurred as a result of the intervention.

B3.7.4.2.4 Selection of optimal interventions

The optimal interventions were selected using intervention selection software that takes into 
account both the risk of asset failure as expressed by forecast of expected serviceability to 
customers and the environment, as well as the economics to ensure the ‘economic level of 
capital maintenance’ is determined.

The selection process is as follows:

• Interventions are identified which should be undertaken on economic grounds, when the 
discounted failure costs that would be averted by the intervention are sufficient to justify 
the intervention costs. For DTMEIS failure modes, the optimal economic replacement 
lifetime for the asset was calculated and used to perform interventions at that specified 
interval;

• Service is re-forecast in the presence of these interventions; and

• Further interventions are selected, or economic interventions are brought forward in time, 
so that service is maintained at minimum total (whole-life) cost. This is undertaken in 
practice by ensuring that the risk measure or score for each service area does not 
increase from its 2010 level. 

Separate optimisations were undertaken for each facility type.



Southern Water
Final Business Plan 2009
B.3  Maintaining Service and Serviceability

- 284 -

Interdependencies between the intervention options have been taken into account in the 
optimisation as follows:

• No intervention can be selected more than once within a 1-year period.

• An asset cannot be subject to both replacement and refurbishment within a 1-year period.

• The benefits of an intervention option are recalculated in each intervention period to take 
account of interventions that have been undertaken on the asset in previous periods.

• There are no relevant cost interdependencies.

Sensitivity analysis

Sensitivity analysis has been undertaken on the results of the sludge treatment centre 
analysis, by considering the effect of varying all input parameters by ±20% (with the exception 
of installation year which was varied by ±1 year for assets installed later than 1989 and ±5 
years for all other assets). 

The results of this analysis are shown in B3.232 below:

Table B3.232. Sensitivity analysis results for sludge treatment centres

Change Extent
Resulting % change in 

AMP5 CAPEX

20% decrease -8.3
Failure rates and 

survival probabilities
20% increase 7.9

20% decrease -1.2
Repair durations

20% increase 0.0

20% decrease 0.0
Effects durations

20% increase 0.0

20% decrease 0.0
Consequence 
probabilities

20% increase 0.0

5 years earlier pre-1989; 1 
year earlier post-1989

8.2

Installation dates
5 years later pre-1989;

1 year later post-1989
-13.3

5 years earlier pre-1989; 1 
year earlier post-1989

0.0

Last refurbishment 
dates 5 years later pre-1989;

1 year later post-1989
0.0

20% decrease -15.4
Replacement costs

20% increase 15.2
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Change Extent
Resulting % change in 

AMP5 CAPEX

20% decrease -0.3
Refurbishment costs

20% increase 0.3

20% decrease -3.6
Repair costs

20% increase 4.6

It should be noted that this is an extreme value sensitivity analysis in which significant 
changes in a single direction are applied to many assets. In practice there is likely to be a 
distribution of errors of different sizes in both directions, leading to a less significant impact on 
results. 

The results of the sensitivity suggest that installation dates and replacement costs are the 
variables that most impact the results when adjusted.

To further investigate the effect of uncertainty in the failure rates, a Monte Carlo simulation 
approach was applied. The analysis was repeated 1000 times, with the each failure rate 
judgement in each repetition sampled from a normal distribution, with a mean of its original 
value and a 95% confidence interval of 20% of that value.

The results of this analysis gave a distribution of AMP5 capital expenditure values. 95% of 
these values were within 2% of the original value. This shows that the extreme value analysis 
is indeed a worst case scenario, and that the sensitivity to the likely variation in failure rates is 
low.

B3.7.4.3 Summary

Table B3.233 below provides a summary of the Capital Maintenance investment requirements 
in AMP5 and beyond for Sludge Treatment Centres, derived from the above forward-looking 
analysis.

Table B3.233. Forecast Capital Maintenance requirements for Sludge Treatment Centre 
assets

Facility type AMP5 AMP6 AMP7 AMP8 AMP9

STC

Table B3.234 below summarises the results of the analysis in terms of expenditure on the 
replacement and refurbishment of assets. 

Table B3.234. Capital Maintenance requirements estimated by forward-looking analysis in £m

Facility type AMP5 AMP6 AMP7 AMP8 AMP9

STC (repair & 
refurbishment) 

STC (replacement)

Total
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Table B3.235 below shows some example intervention costs for Edenbridge STC.

Table B3.235. Interventions identified for Edenbridge STC during AMP5

Unit process Asset Intervention Cost (£k)

Biogas Flarestack Replace

Boiler Boiler Set Replace

Digester Digester mixing Replace

Digester Digester tank Refurbish

Digester Feed pump Replace

Digester Recirculation pump Replace

Effluent Washwater filters Replace

General STC Pipework Replace

General STC Valves Replace

Liquor treatment Air compressors Replace

Liquor treatment caustic soda dosing Replace

Liquor treatment Decant arms Replace

Liquor treatment Transfer pumps Replace

Liquor treatment Treatment tank (glass lined steel) Replace

Post digestion storage Tank (glass lined steel) Replace

Sludge dewatering Cake discharge system Replace

Sludge dewatering Cake storage Replace

Sludge dewatering Centrifuge Replace

Sludge dewatering Control panel Replace

Sludge dewatering Dosing pump Replace

Sludge dewatering Polymer feed system Replace

Sludge dewatering Polymer storage Replace

Sludge dewatering Powder hopper Replace

Thickened Storage Storage tank Refurbish

The analysis shows that a purely reactive approach to maintenance will lead to increasing 
costs as failure rates increase. A lower whole-life cost can be achieved by undertaking 
maintenance justified on economic grounds, with further maintenance required to achieve 
stable risk.

Following a peak of overdue economic interventions identified for 2010, expenditure 
requirements drop to a relatively low level, before gradually increasing as the assets affected 
by the 2010 interventions deteriorate.
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Figure B3.236 shows the risk score over the next five AMP periods for STC’s (for risk of 
Odour). 
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Figure B3.236 – Odour risk at STCs

Delivery

Delivery of this element of work will be primarily undertaken through our innovative Single 
Entity Contract (SEC) with 4Delivery which was put in place at the beginning of AMP4.  Our 
excellent performance in the delivery of the Capital Programme for AMP4 clearly 
demonstrated the success of this strategy.  Provision was made in the contract to extend it for 
AMP5 and discussions are well advanced with 4Delivery to do this.  Accordingly the contract 
will continue to underpin our delivery strategy for this element of the Capital Programme.

Link to SDS and customer priorities

We have demonstrated in this section that additional investment in Sludge Treatment 
Centre assets is required to maintain a stable level of risk into the future. This is 
consistent with achieving our SDS objective of providing “resilient services to 
customers in a changing environment”.

Effective management of sludge is essential to addressing customer priority areas of 
reducing pollution and Greenhouse Gas emissions. Our planned programme of capital 
maintenance on these assets will contribute towards addressing these priorities.
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B3.7.5 Conclusions

The results of our forward-looking risk-based analysis of the capital maintenance 
requirements for the sewerage non-infrastructure assets for AMP5 is compared with that for 
AMP4 in the Table below.

A number of these areas of investment are explained in more detail in Section B3.8.1 below.

Table B3.237. AMP4 and AMP5 capex associated with maintenance non-infrastructure

Operational Issue
AMP4  

Expenditure 
(£m)

AMP5 
Expenditure 

(£m)

WTW Asset Maintenance 

WPS Asset Maintenance 

STC Asset Maintenance

Emergency Plans

H2S Concrete Attack

Site Drainage

Sludge Thermal Destruction

There are a number of reasons for the required increase in maintenance expenditure on 
sewerage non-infrastructure assets.

The current focussed expenditure on the wastewater treatment works has allowed us to attain 
the key regulatory deliverable – stable serviceability. This has been achieved by mobilising a 
considerable number of interventions that, by necessity, often only represent prioritised partial 
solutions on each site. The proposed interventions are consistent with the more long-term 

solutions that need to follow through the AMP5 period to maintain stable serviceability. The 
forward-looking analysis has confirmed this by identifying that higher-than-current levels of 
expenditure are required to maintain stable serviceability in an economic manner in the long-
term.

The majority of the 19 sludge treatment centres are of a similar age having been constructed 
or undergone major refurbishment as part of the UWWTD programme. Of the current 
treatment capacity 35% was constructed in 1999/2000 and hence will have similar 
maintenance requirements as determined by the deterioration modelling. The investment in 
this current AMP period is low on these and more recently constructed treatment centres due 
to their ‘youthful’ asset age, but the forward-looking analysis indicates that this must change 
during AMP5 if serviceability is to be maintained.

The need to diversify from our sole reliance upon the agricultural land bank for the recycling 
of treated sludge is discussed in detail in Part B4(b). We have concluded that the use of 
thermal destruction as an alternative recycling method is justified and have allocated 50% of 
the expenditure in AMP5 with the remainder in the early part of AMP6.

There are a number of issues where we will be incurring expenditure in AMP5 that we are not 
incurring in AMP4 and therefore add to the proposed increased level of expenditure. The 
issues are detailed Section B3.8.1 and include;

• Hydrogen Sulphide concrete attack

• Security improvements.
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The reduction in proposed expenditure on wastewater pumping stations from the AMP4 level 
is due to the additional expenditure currently incurred for compliance with the Working from 
Heights Directive and the DSEAR Regulations, which is due to be completed prior to AMP5.   

B3.8 Further Commentary – Sewerage Service

B3.8.1 Other Investment Requirements 

B3.8.1.1 Carbon Reduction Investment 

We have included within the Business Plan investment aimed at reducing the CO2 emissions 
arising from our operational activities, full details of these can be found in sections C.8.2.9 
and C.8.2.10. As the expenditure is classified as capital maintenance a resume of the 
investment proposals are detailed below.  

Further CHP Opportunities

We have carried out a review of the remaining opportunities for CHP fuelled from biogas and 
the remaining opportunities are summarised below. 

Ashford WTW has recently been expanded to treat additional imported sludge and a sludge 
drying facility has been included. The existing CHP at Ashford has proven to be unreliable 
and it is proposed to replace this with new 1889 kWe CHP sized to maximize the biogas 
production of the increased digestion capacity. The sludge dryer would operate on natural 
gas. 

Construction of a new wastewater treatment site for Brighton & Hove is expected to 
commence during AMP 4 and we are proposing to include a 1113 kWe CHP as part of the 
AMP 5 programme. 

The thermal drying site at Ford WTW does not consume all the biogas and currently the 
surplus is wasted to flare. In AMP 5 we propose to install a small scale 291 kW CHP at Ford 
to maximise the potential of this surplus biogas.

We have two sites where biogas is produced and CHP is not installed, these are Ham Hill 
WTW and Aylesford WTW, we now propose to install small scale 291kW CHP at these sites 
during AMP5.

Summary of proposed CHP schemes and predicted benefit

Site

CHP
Rating
(kW)

CHP
Anticipated

Output
(kW)

CHP
Availability

(%)

Biogas 
Availability

(%)

Annual
Output
(GWh)

Displaced
Carbon
(ktC02e)

Capex
(£M)

Opex
saving
(£,000/yr)

Brighton
& Hove 1113 1113 90 90 7.90 4.13

Ashford 1889 1534 90 90 10.88 5.69

Aylesford 291 291 90 90 2.06 1.08

Ham Hill 291 291 90 90 2.06 1.08

Ford 291 291 90 90 2.06 1.08
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Site

CHP
Rating
(kW)

CHP
Anticipated

Output
(kW)

CHP
Availability

(%)

Biogas 
Availability

(%)

Annual
Output
(GWh)

Displaced
Carbon
(ktC02e)

Capex
(£M)

Opex
saving
(£,000/yr)

Total 3,875 3,520 24.98 13.06

Our proposals for further CHP, at an investment cost of £11.6m, will increase our capacity to 
generate renewable energy from 41 GWh/annum to 64 GWh/annum with an increase in the 
potential ROC revenue from £1.9M to £3M per annum. 

Hydro Turbine Energy Recovery

We manage large quantities of treated wastewater and we have carried out feasibility work to 
determine the opportunities for the generation of electricity through micro hydro recovery. 

The feasibility work concluded that four wastewater treatment works have sufficient water 
head and flow to make hydro recovery possible. A summary of the schemes and predicted 
benefits are listed in the table below:

Summary of proposed Hydro schemes and predicted benefits.

Site
Head
(m)

Flow
(m

3
/s)

Mean 
power
(kW)

Annual
Output
(GWh)

Displace
d

Carbon
(ktC02e)

Capex
(£M)

Opex
saving
(£,000/yr
)

Budds Farm 20 1.34 173 1.52 0.79

Margate & 
Broadstairs 37 0.52 127 1.11 0.58

Brighton & Hove 10 1.17 77 0.67 0.35

Broomfield Bank 69 0.63 288 2.52 1.32

5.83 3.05

We have included the costs to construct hydro recovery turbines at these four sites in AMP5. 

B3.8.1.1.1 Carbon Mitigation Measures

Introduction

We have investigated the numerous carbon reduction opportunities available to us to assist 
us in meeting our targets. Our consultants have identified a number of opportunities for 
carbon mitigation across all areas of our business. The following sections summarise the 
opportunities identified together with our proposals for AMP5.

Enhanced Electricity Consumption Monitoring

Energy Management has always been a key and an integral part of Asset Management and 
with the recent increases in energy costs and the increasing awareness of climate change 
and need to report on carbon emissions Energy Management is even more important.

Our power consumption monitoring is currently carried out by a variety of means depending 
on the size and the age of the plant. On small to medium sites consumption monitoring may 
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be limited to the main electricity meter with possibly some metering on individual drives. 
Larger sites have SCADA systems providing the operators with an overview of the process. 
However, data on power consumption is limited and in many cases is restricted to displays at 
the local control centres. 

We propose to install an enhanced power consumption monitoring system implemented 
across our twenty highest power consuming sites as summarised in the table below.

Proposed sites for enhanced power consumption monitoring systems

Site Total 
(kWh)

1 Budds Farm New WTW 1&2 16275225

2 Hardham WSW 12714312

3 Henderson Rd Eastney WPS 12469825

4 Otterbourne WSW 10751807

5 Burham WSW 9379390

6 Millbrook WTW 9373601

7 Eastbourne MTW 8845841

8 Sandown New WTW & STC 8808931

9 Testwood WSW 8515971

10 Peel Common WTW 7305586

11 Ford WTW New Supply 7294873

12 Hastings & Bexhill WTW 6890482

13 Folkestone Junction SPS 6493844

14 Weatherlees WTW 6490033

15 Motney Hill WTW 6180811

16 Yalding SWA 4904151

17 Broomfield Bank WTW 4553336

18 Worthing (East) WTW 4198337

19 Shoreham North MTW Main Supply 3248579

20 Darwell SWA 3244179

Total 157,939,114

The system will provide a central point of monitoring and analysis for all of the electrical 
power consumption on the site(s). In addition key process variables such as levels, flows, 
pressures and quality parameters will be monitored by the system and used to compare 
power consumption with process throughput and performance. This will allow us to assess 
the effects of changes to process operations on the operating cost (and carbon footprint) of 
the works.  We will be able to access the information at each site and at our regional offices.
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Annual consumption across the 20 sites is in the region of 158,000,000 kWh and we estimate 
a 10% energy saving will result from this programme. Thus the annual savings in carbon 
emissions will be in the region of 8,000 tCO2e per annum.

Carbon reduction through Automatic Meter Reading (AMR) devices

We have over 3,000 sites where the electricity consumption is billed monthly or quarterly 
based on estimated reads. The period between actual meter reads can be up to 2 years 
resulting in over payments and poor data on individual site consumption.

AMRs will provide accurate consumption data to eliminate over charging from estimated 
billing, provide a greater understanding of our electricity consumption and hence flag up 
opportunities for optimisation of sites to reduce energy consumption and CO2 emissions, 
provide greater accuracy on the company's overall consumption which will provide greater 
certainty and hence result in more competitive prices from our electricity suppliers. AMRs are 
also recognised under the Carbon Reduction Commitment (CRC) scheme as an ‘Early Start’
initiative.

We are therefore, proposing to install approximately 2,000 AMR devices with the aim of 
providing coverage on the majority of sites with an annual consumption greater than 
5,000kWh.

Carbon reduction through improved pumping efficiency

We have identified that further investment in ‘on-line’ measurement of pump performance in 
terms of operating efficiency and condition will yield further benefits in terms of lower 
electricity consumption and improved service levels. On-line monitoring will provide early 
warning of falling efficiency or early warning of potential for ‘In-service’ failures. 

Real–time monitoring is not only able to provide information about the pump performance, for 
energy savings, but the information about how the pump interacts with the system and other 
pumps. This enables the operation of the system to be optimised, to reduce the pumping cost 
to the minimum.  

On-line monitoring can be deployed on different types of pumps including all clean water 
pumps, raw water abstraction, raw sewage transfer and treated waste water outfall transfer 
and outfall pumps. The criteria adopted for selecting pumps for on-line monitoring is: 

• Pumps rated at 75kW and greater; and

• Annual energy consumption > 225,000kWhrs/annum.

High level analysis on all our pumps that meet the above criteria identified the quantity of 
carbon and electricity that could be saved based upon an estimated 10% improvement of the 
operation of the pump.  It is assumed that this improvement will fall as the pump unit becomes 
less efficient over time. The parameters used in the assessment together with the estimated 
electricity and carbon cost savings are presented in the following table.

Estimated electricity and carbon cost savings

Parameter Unit Example 
calculation for a 

single pump

Cumulative values 
for all pumps in size 

range

Number of pumps count 1 467

Pump motor size kW 75 1312 - 75

Operating hours per year hours 8,000 3,000-5,000

Approx energy usage kWh / year 600,000 321,085,600
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Parameter Unit Example 
calculation for a 

single pump

Cumulative values 
for all pumps in size 

range

Grid emission factor kg CO2 / kWh 0.523 0.523

Annual  emissions of CO2 kg CO2 / year 313,800 167,927,769

Annual  emissions of CO2 t CO2 / year 314 167,928

Shadow price of carbon (SPC) £/tCO2 27 27

Cost of carbon emissions 
based upon  SPC

£ / year 8,473 4,534,050

Pumped system efficiency
saving

% 10 10

Annual savings of CO2 based 
upon 10% reduction

tCO2 / year 31 16,793

Value of carbon savings  
based upon SPC

£ / year 847 453,405

Electricity cost £ / MWhr 50 50

Electricity cost £ / kWhr 0.05 0.05

Electricity cost £ / year 30,000 16,054,280

Electricity cost saving £ / year 3,000 1,605,428

Years between refurbishment years 5 5

The results presented in the table above show that there is the potential for us to make large 
carbon reductions through the implementation of on-line monitoring. The quantity of electricity 
used to estimate the savings represents approximately 78% of the total amount consumed by 
us each year. The total value of cost savings in electricity over the nominal five year 
refurbishment interval is approximately £8m. 

B3.8.1.2 Emergency Plans

Southern Water does not have a complete set of detailed Emergency Contingency 
procedures to cope with the failure of a significant wastewater function component. Existing 
procedures within the organisation are set out in the current wastewater Contingency Plan at 
a strategic level that details the setting up of incident teams and lines of communication, 
process details and some contingencies. Other than large sites plans are mostly concerned 
with the mitigation of foul flooding of customer’s properties and reducing environmental 
impact. 

This project will provide an extension of our wastewater Contingency Plan, replacing the 
existing Generic Plans with comprehensive contingency plans for the wastewater function, 
based on the successful Water Supply Contingency Plans format already in use.

The aim of the proposed scheme is to produce an extended CD-ROM based Wastewater 
Emergency Contingency Plans. These plans, in the form of a database structured around a 
Microsoft Excel Workbook, will assist managers in mitigating the impact of a major 
wastewater incident on our customers and the business. The completed scheme will produce 
data, in the form of emergency plans, plant and equipment locations, catchment details and 
outside authority and services liaison procedures that can be quickly located by Incident 
Managers in an Emergency.
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The intention of this project is to provide:

• A set of procedures to follow based on the type of emergency;

• A database of information about the various emergency events and the associated 
problems that can arise from them;

• Associated documentation including company information, local authority information, 
emergency plant & equipment, staffing strategy, etc.

Information will be gathered from Operational Staff, Managers, and others within the company 
with knowledge of the wastewater function. In addition, information will be sourced from work 
already done and all sites within the function will be visited and assessed. 

B3.8.1.3 H2S Concrete Attack

At a number of Southern Water’s wastewater treatment works and sludge treatment centres it 
has been identified that some structures are suffering from the effects of attack by Sulphuric 
Acid formed by absorption and oxidation of Hydrogen Sulphide gases in the 
condensation/moisture covering the internal surfaces of the enclosed spaces. In some 
instances this has led to breaking down of the surface layer of the concrete structure, causing 
the aggregate to become detached from the underlying structure and fall away.

It is proposed that investigations and inspections be undertaken to assess the structures in 
question visually and conduct scrape tests.  As well as the concrete being tested for sulphate 
attack it may also be tested for carbonation and chlorination attack by removing core samples 
from the structure.  Corrosion will be classified by ‘Degree of Influence’.  Such classifications 
and assessments will determine the service-life of the structure, if further detailed 
investigations are required and to propose remedial work solutions.  The extent of the issues 
will be recorded and solutions costed. This work will enable remedial works to be 
programmed into the asset maintenance programme.

Some of the affected structures will be difficult to access and will located in areas designated 
as a Confined Space or an Enclosed Area and therefore appropriate health and safety 
measures will be required to undertake the investigations.

To date the sites that have been identified as having H2S attack on concrete are: 

Budds Farm WTW, Ford WTW, Newhaven WTW, East Worthing WTW, Eastbourne WTW 
and Broomfield Bank WTW, Peel Common WTW sewer inlet chamber.

Southern Water has recognised the issue of H2S attack on concrete and since 2003/2004 has 
amended technical specifications to take account of this issue.

Ford WTW has extensive H2S attack issues at the inlet works and up to an including the 
primary tank distribution chamber.  The inlet vanes to the grit detritor are badly affected with 
areas of missing concrete exposing the supporting steelwork within the vanes.

Photo – Ford WTW – Inlet vanes to grit detritor
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At Budds Farm WTW H2S attack has been noticed at the combined lift pumping station and in 
a pumping station wet well which is the collection point for site liquors and thermal dryer 
centrate.

Photo – Budds Farm WTW – Site liquors wet well

At Newhaven WTW H2S is attacking the concrete in the spiral separators with the area above 
the water level showing signs of surface concrete softening.

Photo – Newhaven WTW – Spiral Separator
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B3.8.1.4 Site Drainage

The scheme is for the provision of definitive drawings to show the layout of site drainage on 
wastewater treatment works and to make any necessary diversions to drains where there is a 
risk of pollution. It is largely survey work. In some cases the survey work may indicate the 
need for additional discharge consents.

WTWs have been developed over many years and the records of drainage on the site are 
generally not held on one definitive drawing. The Corporate eDM system holds the drawings 
of site layout but these are not validated as a record of the current layout. Changes to 
drainage layout have not always been fully recorded. As the drawings have been collected 
from disparate predecessor bodies, there is no standard format to show site drains in a way 
that is easily used as an operational tool.

The corporate eDM system holds O&M drainage drawings as well as historic unsubstantiated 
drainage records. It also holds more recent survey drawings of our highest risk sites from a 
scheme to produce definitive drainage drawings in 2008. The drawings show many areas as 
“unknown”, where surveys could not prove a connection to the head of the works or a surface 
water outfall. This scheme is intended to fill the gap in knowledge at these sites as well as 
produce similar drawings in a consistent format for the other sites.  

Some sites have been developed with materials and waste storage facilities in areas where 
the drains run to the environment. The scheme will identify where development of a site has 
resulted in greater risk of pollution to watercourses and groundwater. This will allow diversion 
of drains to reduce the risk or instigate a consent application to formalise the discharge. 
Similarly where process connections have been made into surface drains, the issue can be 
properly addressed to avoid pollution risk.

A definitive drainage plan is an operational tool to:

• Assess risk of pollution from materials and waste storage on site

• Assess risk of pollution when spills occur

• Develop emergency procedures for managing the site
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Additionally for contractors, a definitive drainage plan:

• Avoids repeating surveys of drainage

• Identifies where connections can be made for new drains

• Clarifies discharge consenting issues for new works

Understanding where the drains run is an essential element of Operational Control in relation 
to our ISO14001 certification. A risk to our certification will have a knock-on effect on OPRA 
scores, business risk and consequent cost. 

For many sites, particularly those with waste permits, proof is required for the regulator that 
the site has a sealed drainage system that leads back to the head of the works. 

Definitive site drainage plans reduce the risk of pollution, prosecution and consent failure, and 
will save money by avoiding having to investigate site drainage every time new work is 
planned.

B3.8.1.5 Sludge Thermal Destruction Plant

In addition to the capital maintenance expenditure requirement associated with maintaining 
asset and service performance at Sludge Treatment Centres, we have included, as an 
exceptional item, the construction of a sludge thermal destruction plant, the need for such a 
plant is fully explained in Chapter B4. 

We have, over the last two years, investigated the most suitable approach for the move 
towards thermal destruction. An initial study identified an appropriate strategy for a gradual 
move towards complete utilisation of the thermal destruction process. A second, more specific 
study has identified the location, size and type for a single incinerator that will deal with 
approximately 30% of the future sludge produced. Full details are provided in Chapter B4.

The identified solution is the construction of a thermal destruction plant with a capacity of 
40,000tds at Peel Common WTW in Hampshire at an original estimated cost of . The 
development of this appropriate solution has been discussed with the Waste and Planning 
Departments of Hampshire County Council and whilst recognising that discussions are at an 
early stage they are nevertheless proving positive.

The concept of the proposal is for it to act as a bolt-on to the existing processes. Design of the 
plant will be such that its feed stock will be a combination of raw cake, digested cake and 
digested granules. The bolt-on approach has the benefit of minimising transport miles 
(minimising CO2 emissions and costs), providing an autothermic process (with the mixing of 
cake and granules) and maximising the benefit of biogas production. 

The significant capital costs associated with construction of the thermal destruction plant is 
offset by avoiding expenditure in replacing an end-of-life drier at the Millbrook STC  
and the provision of additional digestion capacity to treat the additional sludge arising from 
population growth and the delivery of the environmental improvement schemes in the western 
part of the region 

In recognition of the timescale for the planning and construction of such an installation we have 
phased the associated expenditure within two AMP periods. We anticipate that construction 
will commence in AMP5 with the plant operational in the early 2017.

In respect of measurable outputs in relation to this scheme, the AMP5 expenditure will allow us 
to achieve planning consent and enable full design to be completed and construction to 
commence. We anticipate that approximately 30-40% of the construction requirements will be 
achieved in AMP5 with the remainder completed in the first 2 years of AMP6.   
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The cost of the incinerator was challenged in the CIS and we have, between draft and final 
business plan reviewed the cost build up. The original MWH report detailing the design and 
costs associated with the construction of the incinerator incorrectly identified that the cost 
from the current level of definition to delivery is + or – 33% (Hampshire Sludge Incinerator 
Study Section 6.5) The statement should have read + 33%.

As the cost build-up was determined in advance of the majority of the schemes within the 
FBP, it follows a slightly different methodology in determining the out-turn costs.

The review concluded that a change in on-costs reduced the scheme costs to . This 
cost has been incorporated into the Business Plan.

The operation of an incinerator will reduce recycling to agricultural land as shown in Table 
B3.238.

Table B3.238. Percentage of sludge recycling routes

2008 2009 2010 2011 2012 2013 2014 2015 2017

Cake Agriculture 51 39 39 39 32 32 32 35 27

Granules Agriculture 49 61 61 61 68 68 68 65 41

Cake/Granules 
Thermal Destruction

0 0 0 0 0 0 0 0 32

Cake Landfill 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0

B3.8.2 Table 3.2 

Below are the performance levels for wastewater in the coming AMP periods and an 
explanation of the basis of the levels and control limits. It should be noted that these levels 
are set on the basis of operating under ‘normal’ conditions. Exceptional events such as 
severe storm events may mean that our performance exceeds the control limits. We would 
expect that, when assessing future performance, such events are recognised as exceptional 
and treated as such. Additionally the performance levels are based on future proposed 
expenditure, without this expenditure the performance levels are unrealistic. 

Line 7 – Properties internally flooded in year due to overloaded sewers, excluding 
severe weather

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

Properties 
internally flooded 
in year due to 
overloaded 
sewers, excluding 
severe weather

22 75 60 35 30 27 35 30 27

The performance at 2014/15 is based upon the average of the last years 7 years (excluding 
JR06). The reference level is reflective of the JR02 to JR05 data. The control limits based 
upon JR04 and JR05 data.
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Line 8  - Properties internally flooded in year due to other causes

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

Properties 
internally flooded 
in year due to 
other causes 

259 260 260 220 210 80 197 210 80

The performance at 2014/15 is based upon performance at JR99. The reference level is set 
at the average of the JR99 and JR04 data. The control limits are based on JR93 and JR94 
data. 

Line 16 – Number of pollution incidents (Cat 1,2 & 3)from infrastructure assets

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

Number of 
pollution incidents 
(Cat 1,2 & 3)from 
infrastructure 
assets

141 145 145 133 125 35 125 125 35

Increase proposed investment during AMP5 reflects the performance at 2014/15. The 
reference level is based upon JR03 performance and the control limits are based upon JR98 
and JR99 data.

Line 21 % of sewage treatment works discharges failing numeric consents

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

%of sewage 
treatment works 
discharges failing 
consents

1.02 1.08 1.40 1.40 1.40 0.9 1.40 1.40 0.9

For 2007 data, 294 numeric discharges were recorded on MD109 Table 1a, and there were 4 
WTWs failing WRA & UWWTR numeric consents. This equates to 1.4%.

For 2008 data, we will be recording a revised number of 277 numeric consents’ there were 3 
STWs failing WRA & UWWTR numeric consents. This equates to 1.08%.The reference levels 
are based upon 4 failed works and the control limits of + 3 works (0.9%)

Line 24 - % of total p.e. served by sewage treatment works in breach of WRS or UWWD 
consent

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

% of total p.e. 
served by sewage 
treatment works in 
breach of WRS or 
UWWD consent

0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
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The performance at 2014/15 is based upon current performance. The reference level is based 
on JR05 data and the control limits are in recognition of 4 failed works at JR07. 

Line 25 – Number of sewer collapses

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

Number of sewer 
collapses

203 200 200 195 203 51 185 203 51

The performance at 2014/15 will be will be an improvement on the position as at the end of 
this current AMP period as additional investment is proposed in capital maintenance. The 
reference level is set at the average of the JR07 and JR08 data. The control limits are set at 
25% of the reference level. 

Line 26 – Number of sewer blockages

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

Number of sewer 
blockages

11,057 10,420 11,000 10,409 11,085 1,108 10,409 11,000 1,108

The performance at 2014/15 will be will be an improvement on the position as at the end of 
this current AMP period as additional investment is proposed in capital maintenance. The 
reference level is set at the average of the JR07 and JR08 data. The control limits are set at 
10% of the reference level. 

Line 29 – Number of equipment failures

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

Number of 
equipment failures

219 320 300 241 241 65 241 241 65

The performance at 2014/15 is based upon the average of JR07 and JR08 data. The 
performance at the end of AMP5 is reflective of the JR07 and JR08 data. The reference level 
is set at the average of the JR07 and JR08 data. The control limits are set at 25% of the 
reference level. 

Line 30 – Unplanned non-infrastructure maintenance

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

Unplanned non-
infrastructure 
maintenance

74,000 74,000 74,000 66,000 70,000 8,412 66,000 70,000 8,412

The AMP4 performance is based upon the JR08 data, we believe this to be representative of 
actual performance based upon maintenance policies in current operation. The control limits 
are based upon JR07 and JR08 data. 

It should be noted that within the CMPCF we are required to develop the most cost effective 
maintenance approach which is a mix of renewal, repair, planned maintenance and reactive 
maintenance. Cost and changes in costs and changes in consequence of asset failure will 
drive reactive job numbers irrespective of condition.
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Line 31- Unplanned non-infrastructure maintenance

AMP4Output 
Projection

07-08 08-09 09-10

Perform
ance 
14-15

Ref Level 
AMP5

Control 
limit(+/-)

Performa
nce 19-20

Ref Level 
AMP6

Control 
limit(+/-)

Unplanned non-
infrastructure 
maintenance

65.0 65.0 65.0 60.0 62.0 7.0 60.0 62.0 7.0

The AMP4 performance is based upon the JR08 data, we believe this to be representative of 
actual performance based upon maintenance policies in current operation. The control limits 
are based upon JR07 and JR08 data. 

It should be noted that within the CMPCF we are required to develop the most cost effective 
maintenance approach which is a mix of renewal, repair, planned maintenance and reactive 
maintenance. Cost and changes in costs and changes in consequence of asset failure will 
drive reactive job numbers.

B3.9 Management and General (M&G)

Investment under M&G is typically related to the provision and maintenance of IT systems 
and hardware, vehicles and buildings. Full details of capital investment in the areas of IT and 
buildings are covered below, however, vehicles are excluded as capital expenditure as the 
vehicle fleet required for the companies day to day operation are included as an operating 
cost as all vehicles are leased. It should be stated that the majority of the vehicles within the 
fleet are cars and vans, the requirement for HGVs is avoided through the provision of 
contracts such as that relating to sludge tankering.  

The approach to determining future expenditure requirements in IT is compliant with  the 
principles of the common framework in that it followed a cost effective approach and has 
assessed the risk to future service (replacement of end of life assets/systems). The schemes 
supported by the Plan will ensure continued operation of IT systems, provide a customer 
service to meet the increasing on-line services required by our customers and allow 
efficiencies to be achieved.  

The structure of the M&G Commentary broadly reflects the OFWAT Reporting Requirements 
for Section B3 as a standalone section. However, general information regarding stakeholder 
consultation is not repeated here for conciseness.

B3.9.1 IT Overview

B3.9.1.1 Leadership, Policy and Strategy

The management structure of the Southern Water IT department is illustrated below:
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Figure B3.239. IT Department management structure

The IT Director also sits on the Executive Management Team and he and his team have 
regular dialogue with Corporate Strategy and Assets regarding the overall capital programme 
and IT requirements from the rest of the business.

The IT department follow industry best practice processes for both service management and 
project delivery. The ITIL service management framework is built into the managed services 
provided by Wipro and projects are controlled and governed through the PRINCE2 project 
management methodology. These processes have been integrated with the overall project 
governance process within Southern Water. In addition to the standard company project 
approval stages, outlined in the main document, any IT investment is also approved by the 
Business Systems Management Team which gives initial technical approval to projects 
submitted to the main Investment Committee and ensures strategic alignment to IT and 
Company business plans. A summary diagram of this process is shown in Figure B3.240
below.
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Figure B3.240. IT Project Management and approval process

B3.9.1.1.1 Overview of IT Development Requirements

The IT programme of work for PR09 comprises schemes that,

• ensure the resilience of the Company’s IT infrastructure.

• support and enable business objectives 

Information Technology is a key enabler to the achievement of business goals and objectives. 
Within Southern Water, business requirements drive the application of the technologies that 
underpin the business.

The main external influences that are expected to impact upon the business in general and 
present IT challenges in particular during AMP5 are considered to be: increased competition 
within the Water Industry, a greater emphasis on freedom of information, growing needs to 
secure data and protection of personal data, environmental legislation, and the business’ 
desire to move to a more data reliant approach for the future that drives and supports 
operational efficiencies.

Internal factors that will drive the business during AMP5 will be: the ongoing challenges to 
manage demands of water and energy usage, the commitment to provide customers with 
excellent levels of service and across the board value for money delivery of water and
wastewater services.  Technology continues to offer opportunities for further efficiencies and 
there is an obligation upon the Company to refresh and maintain existing applications and 
supporting infrastructure in order to maintain an operationally resilient and supportable 
environment.  Finally, the business expects the IT infrastructure to be able to respond to 
market opportunities for consolidation of services within the water sector.

The major components of the IT programme focus on continued consolidation of systems into 
integrated management systems arrangements; this will support better business intelligence 
and deliver holistic views of performance and costs across business operations. Combined 
with investment in telemetry this programme of work is designed to move the business 
towards near or real-time intelligence on process performance, asset condition and energy 
usage. It will support the operational shift towards a centralised command and control 
approach to management of process, logistics and costs.  This strategy will move operations 
away from reactive management practices towards a more predictive and interventionist 
approach to deliver improved process reliability.
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A major requirement for the business during AMP5 is to introduce full metering for all 
customers.  IT will support Customer Services by reviewing new technologies for the 
collection of meter readings and leveraging existing SAP technologies for the processing of 
data in the front-office system.  Customer Services will be placing increased emphasis on 
debt management to build on the existing debt profiling process. Customers will be supported 
with alternative ways to manage debt, pay bills and access a wider range of services.  IT 
development of e-billing facilities will include web based portals and services for delivery of 
electronic bills and where necessary electronic reminders, to customers (domestic and 
commercial) to support debt management. Web-based services will also provide self-service 
facilities to support customer account management.

B3.9.1.1.2 IT Strategy

Information Technology is a key enabler to the achievement of business goals and objectives.  
Within Southern Water, business requirements drive the application of the technologies that 
underpin the business.   Functional business plans build upon the objectives set out in the 
Company’s 25 year Strategic Direction Statement.  Figure B3.241 shows the relationship 
between documents.

Business Systems’ alignment to business requirements is formulated in the IT Strategic 
Framework.  This is approved documentation that provides clear statements and direction for 
the arrangement of business systems, the design of IT infrastructure and the adopted 
approach for governance and support processes.   The documentation supports functional 
business plans by providing an IT framework that enables delivery of business requirements 
in an efficient and robust environment.

The IT Strategic Framework is a forward looking document that aims to deliver an IT 
operating environment that provides both flexibility in response to business requirements for 
sustainable growth and continuing value to customers, and resilience in maintaining continuity 
of services to the business.  
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Figure B3.241 Relationship Between Business Plans

One of the requirements of the IT environment delivered through the Strategic Framework is 
the flexibility to meet changing business needs. In order to maintain responsiveness to 
evolving business requirements, it is necessary to test and review the IT strategy on an 
annual basis. Where necessary, refinements arising from technology advancements or 
changing business circumstances are made.  This continuous revision process avoids major 
step-changes in the IT strategic framework and helps to ensure that the Company operates 
within a stable IT environment that maximises the potential of technology without exposure to 
unproven solutions.

It is essential that the forthcoming IT programme is clearly aligned to both the current strategy 
and the current M&G programme.  By ensuring this, it can be demonstrated that that there is 
a continuity of approach in IT that may reasonably be expected to lay the foundations for 
thinking towards and beyond PR14.

The aim of the IT strategy is to ensure cost effective delivery of IT services that meet current 
and future business needs. 

Key objectives for the IT strategy are:    

• To deliver a customer-centric approach to the implementation of major business systems 
through tightly integrated solutions for front and back office applications.

• To deliver a robust IT infrastructure that enables secure collaborative working practices 
for the sharing of data and information in support of Business Process Outsourcing and 
Managed Services Provision.
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• To ensure continuity and security through clear ownership and responsibility for IT 
services so that customer expectations and both statutory and regulatory requirements 
are fully met

16
.

The IT strategy framework has been endorsed and approved by the Southern Water Board as 
a key enabler to the Company’s long term business goal to be the No 1 water utility company 
in the UK.

Since May 2005 the Business Systems department has adopted a framework approach to the 
strategic management of the IT environment within Southern Water Services.  The two level 
framework for AMP4 comprised

• Information Systems 

• Technology and Infrastructure

Information Systems deals with all aspects of major business computerised solutions that 
support key business processes by collecting, storing, displaying and transmitting data and 
information.  Typically this will be corporate work management, finance, asset and customer 
service software with supporting retrieval and reporting applications. Productivity tools such 
as Microsoft applications and proprietary databases are also included along with the 
mechanisms, such as web enabled gateways, for delivery of outputs.

Technology and infrastructure covers physical data, voice cabling and supporting hardware 
associated with transmission of data.   It also covers all physical computing hardware and 
peripherals associated with the storage and display of data.

The overarching strategy for the acquisition, deployment and retirement of technologies is 
stated as:

• All major technology acquisitions should have a firm and well understood business case, 
backed either by sound financial appraisals in the case of project related investments, or 
by a rigorous assessment process where “enabling” investments are proposed.

• Full costs of technologies should be understood, including the costs of deployment                                                                                                                                                                                           
and retirement or replacement when commercial life has ended.

• All technologies will be re-appraised every year; to determine their continuing use, 
expected life and any likely incremental investments required. 

• To avoid complexity, standard technologies will be used that do not duplicate function 
unnecessarily. These will be managed for their life, ensuring that currency of release 
version is maintained for software integration capability and manufacturer support.

• Whilst leading edge technology awareness is a goal for Southern Water Services 
Business Systems Infrastructure (SWSBSI), deployment of leading edge technologies will 
only be undertaken where the business benefits outweigh the costs and risks of being an 
early adopter.

B3.9.1.1.3 IT Strategic Framework

The IT Strategy for AMP5 builds upon that produced for AMP4.  Reviews undertaken since 
May 2005 have resulted in the inclusion of additional levels so that the framework now 
includes strategies for governance and commercial relationships:  Business Systems has 
undertaken a review of the IT strategy to ensure alignment to business strategy.

• Information Systems 

  
16 The Company retains ownership and responsibility for all business process outputs, regardless of whether the 
process is outsourced or not. 
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• Infrastructure

• Governance

• Organisational and Commercial Relationships

Information Systems deal with all aspects of major business computerised solutions that 
support key business processes by collecting, storing, displaying and transmitting data and 
information.  Typically this will be corporate work management, finance, asset and customer 
service software with supporting retrieval and reporting applications. Productivity tools such 
as Microsoft applications and proprietary databases are also included. 

Infrastructure covers the data centres, physical data, voice cabling and supporting hardware 
associated with transmission of data.   It also covers all the physical computing hardware and 
peripherals associated with the storage and display of data.

Governance comprises all necessary policies and standards associated with the control and 
securitisation of the IT processes. Such processes include IT security, data protection, data 
management, business continuity and process modelling.

Organisational and commercial relationships cover all activities to enable Business Systems 
to act in the management role of Intelligent Client for IT services. Typically this includes 
relationship management with third party service and product suppliers, budget and resource 
management and logistic control. 

The IT strategy framework has been endorsed and approved by the Southern Water Board as 
a key enabler to the Company’s long term business goal to be the No 1 water utility company 
in the UK.  

B3.9.1.1.4 Strategic Objectives

The aim of the IT strategy is to ensure cost effective delivery of IT services that meet current 
and future business needs. 

Key objectives for the IT strategy are:    

• To deliver a customer-centric approach to the implementation of major business systems 
through tightly integrated solutions for front and back office applications.

• To deliver a robust IT infrastructure that enables secure collaborative working practices 
for the sharing of data and information in support of Business Process Outsourcing and 
Managed Services Provision.

• To ensure continuity and security through clear ownership and responsibility for IT 
services so that customer expectations and both statutory and regulatory requirements 
are fully met.

• To manage all relationships to achieve best collective effect in support of the Intelligent 
Client role.

Business Systems, on behalf of the Company, has an obligation to act as the governing 
Intelligent Client to ensure continuity of IT services and integrity of corporate data.   Business 
System will meet its objectives for delivery of the IT related components of the M&G 
programme of work, by ensuring that schemes are specified and delivered in accordance with 
policies and procedures for programme delivery.
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B3.9.1.1.5 Information Systems

The IS strategy for AMP5 builds and develops upon changes delivered in AMP4 by continuing 
to consolidate systems in line with the company’s Management Systems Arrangement (MSA) 
model (Figure B3.242). Within AMP4 we have delivered integrated systems within the Front 
and Back Office MSA’s and initiation of the System Operation MSA.  In PR09 SOMSA will be 
completed and the Network Operating MSAs will also be enhanced.

Continued Application System consolidation will reduce fragmentation of systems and 
rationalise the range of system suppliers so that support is more easily managed in a unified 
environment.

Figure B3.242 Systems Strategy – Perspective

System consolidation will support the business programme of “value added” BPO by enabling 
controlled access to systems by third party organisations wherever the process requires it.  
Where appropriate and conducive to improved levels of service, systems may be hosted 
within the terms of the BPO programme; the overall effect being a reduction in the number of 
systems to be supported by the Company.

Where systems are hosted or where BPO includes provision of a system to replace an in-
house system, there will a contractual requirement upon the Outsourced Service Provider 
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(OSP) to supply sufficient data or intelligence to enable the Company to meet its operational 
and regulatory reporting requirements.

System consolidation will be supported by the enhancement of a Business Intelligence (BI) 
reporting layer to deliver reporting and consolidated information catalogues across MSA’s. 
The programme will deliver holistic reporting to the “Whole Business” through tailored portals 
and dashboards and where appropriate, will integrate the BI layer with geographical 
interfaces. 

The BI layer will support the business requirement to deliver holistic whole business views of 
operating performance and unit operating costs, and operational understanding of the 
relationship between asset life-cycles and service level returns.

The major building blocks of this strategy are the implementation and integration of proven 
enterprise solutions from industry leading suppliers.

B3.9.1.2 Historic Context

B3.9.1.2.1 Operations and Asset

Operations comprise Water (Supply and Distribution), Wastewater, Sewerage and 
Maintenance functions. Operations are responsible for day to day running of the operational 
sites.   The Asset function is responsible for the management of assets including investment 
planning, needs prioritisation and delivery of new assets.

The AMP4 period was primarily one of consolidating the investment made during AMP3 in the 
Work and Asset Control System (WAACS) and building upon efficiency savings in the same 
period arising from the acquisition of the Company by Scottish Power. The Field Work 
Management System (FWMS) was upgraded from MIMS to Ellipse and the mobile field force 
was supported by improved hardware and better logistical operation for work management. 
This upgrade to the Field Device Collection System (FDCS) has paved the way for a more 
centralised “command and control” approach to work and asset management and thereby 
allowing efficiencies to be built into operational working practices..

The objective for WAACS in AMP4 was to deliver an efficient work management system for 
the Company’s above ground asset base. The investment focused on people, system and 
process and sought to deliver improved understanding of risk though better reporting and 
information on asset life-cycle performance.  An enlargement to the role of Central Dispatcher 
supported the introduction of condition based maintenance analysis to further improve asset 
performance and operational efficiency.

Work has commenced to introduce Condition Based Monitoring via the Central Hub.  This 
system is in its early stages of production and will need to evolve through AMP5.  In order to 
support this, SCADA data logger systems will be progressively installed at all of the major 
Southern Water sites to support condition based maintenance.

The Single Entity Contract (SEC) was awarded during this period for the delivery of the 
majority of the asset related capital programme.

B3.9.1.2.2 Customer Service

A major programme of work during the AMP4 period was investment in the replacement of 
the Company’s Billing System.  Work started in 2005 to replace mainframe technology with an 
enterprise SAP solution. The new billing system went live in January 2007 and has been 
enhanced by further investment in Customer facing initiatives to extend options for bill 
payment.  The SAP server infrastructure is hosted, with both support and some business 
processes are now handled offshore. 
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Debt management was identified in PR04 as a significant issue for the Company’s customers. 
Proposals were put forward at the time to improve the profiling of debtors in such a way as to 
enable better targeting of customers who had the ability to pay. A dedicated line for debt 
counselling has been installed as part of the initiative to support customers with payment 
difficulties.

Further customer service improvements were made in the Contact Centre to reduce queuing 
times and extend self-service facilities. E-service initiatives support the Company’s 
commitment to offer a broader range of payment options and e-billing services were 
introduced for customers who opt to manage their accounts electronically.

B3.9.1.2.3 Corporate

The Corporate functions comprise HR, Commercial, Legal, Communications, Corporate 
Strategy, Finance and Business Systems.

Business Process Outsourcing (BPO) continues for a number of these departments. Payroll 
and HR administrative functions moved offshore; the Finance team outsourced some 
transactional and regulatory reporting activities and Business Systems moved the IT support 
function offshore.   The whole outsourcing process moved these corporate functions into a 
new role of Intelligent Client (IC), acting on behalf of the business to strategically manage 
functional requirements and administer contract performance.

The Business Administration Suite (BAS) concepts and proposals were introduced in 2007 
and will go live in April 2009. This programme consolidates all the back-office systems into a 
single Back Office Management Systems Arrangement (BOMSA) to provide an integrated 
solution, in line with the IS strategy for the business.

B3.9.1.2.4 Infrastructure

In 2008 the Company completed a two-year programme of work to upgrade its Local and 
Wide Area Network (LAN/WAN) and telephony infrastructure.  The new network is IP based, 
supporting the carriage of voice and video, as well as conventional data.  The WAN utilises a 
core based on a multi protocol label switching (MPLS) network and has led to a significant 
reduction in the annual running cost, with no reduction in performance.  New links to the core 
have been sized to match the number of staff at each site.  The adoption of VoIP and Power 
over Ethernet technologies mean that fewer data points are required in buildings with a 
consequential reduction in cabling costs.

The contact centre telephony system is also IP based and offers more flexibility in the location 
and number of contact centre staff.  A secondary contact centre has been established in one 
of our other main office locations, Falmer, to support the main team in Durrington.

B3.9.1.3 Future Context

B3.9.1.3.1 External 

External influences that are expected to impact upon the business in general and present IT 
challenges in particular during AMP5 are: aligning investment with the possibility of increased 
competition within the Water Industry, a greater emphasis on freedom of information, growing 
concerns about data security and protection of personal data, environmental legislation, and 
our desire to move further towards a more data reliant approach for future business plans.  
All of these impose an obligation on the Company to ensure that its IT systems and data are 
secure and fit for purpose.  

It is expected that one of the challenges arising from these scenarios will be a requirement for 
increased responsiveness to enquiries for information on financial and non-financial business 
and operational fundamentals.  Typically this may arise from competition enquiries requiring 
the Company to respond to wholesale costs for water supply or sewerage services for areas 
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to which a competitive service is to be offered. Under the Competition Act 1998 the Company 
would be obliged to provide the basis for calculating reasonable charges where common 
carriage was to be used. Under the act it would be an offence to promote artificial high 
charges as a barrier to competition. It is essential therefore that the Company is able to 
support its charging tariff with a detailed unit cost breakdown.

Although IT does not drive the business, improvements in technology do drive the IT renewal 
cycle.  System or application support in particular generally requires that renewals take place 
at least once every five years.  Failure to refresh at this rate would expose the business to 
increased running costs for extended support contracts as well as risks associated with 
interoperability failures where application integration is in place across business systems. 

B3.9.1.3.2 Internal

Internal factors driving the business during AMP5 will be the ongoing challenges to manage 
demands of water and energy usage, both from a resource and environmental viewpoint.

Continuing emphasis will be placed upon providing customers with excellent levels of service 
and across the board value for money for the water and wastewater services delivered.

The Company will continue to look at opportunities to outsource business processes (BPO), 
where value for money and more efficient service levels can be realised.  Where BPO can be 
applied, the Company will continue to act in the proven role of the Intelligent Client.

Technology continues to offer opportunities for further efficiencies and there is an obligation 
upon the Company to refresh and maintain existing applications and supporting infrastructure 
in order to maintain an operationally resilient and supportable environment. One of the 
requirements for IT support services is to ensure business continuity by providing a robust 
disaster recovery plan. 

Finally, the business expects the IT infrastructure to be able to respond to market 
opportunities for consolidation of services within the water sector.

B3.9.2 Business Systems

Business Systems’ Business Plan is a five year rolling document that sets out the 
department’s response to managing the IT environment to meet prevailing and foreseeable 
business and commercial conditions.   The Business Systems business plan draws upon 
other functional area business plans to understand the needs and expectations of the whole 
business.  Business Systems’ organisational structure includes a Programme Delivery Team 
with Programme Managers liaising directly with business area representatives to gather 
supporting intelligence to the functional area business plans.  Figure B3.241 illustrates the 
relationship between functional plans and the IT Strategic Framework.

Work to review the application of new technologies to support business requirements is an 
ongoing activity that will continue throughout the AMP5 period.

B3.9.2.1 Infrastructure

The network and telephony infrastructure use current technology and this will require to be 
updated within the next five year period. It is proposed to adopt wireless technology, 
supplementing the existing wired network, to support mobility across Company sites and 
support more flexible working practices.  The Company has adopted third generation mobile 
phone technology to support remote working allowing staff access to corporate systems while 
away from the office.  It is anticipated that the bandwidth and speed of mobile 
communications will increase significantly between 2010 and 2015 and this will allow the 
delivery of more systems to mobile staff.
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The Company’s Wintel server estate was largely refreshed in 2008 and, hosted at two sites 
with regular data replication, it provides high levels of availability and resilience.  The 
technology is current and will require renewal during the AMP5 period.

The desktop estate is being given a new lease of life under the infrastructure renewals 
programme.  With the majority of applications being delivered via Citrix there is less of a 
dependency on PC processing power allowing existing PCs to be used.  There will be a dual 
thick / thin strategy recognising that there will always be business applications that need thick 
client as well.

The predominantly thin client estate is easier to manage and support.  In the AMP5 period it is 
planned to replace the older PCs with dedicated thin clients with an embedded operating 
system.  These small footprint devices offer the additional advantage of very low power 
consumption, reducing the overall carbon footprint of the desktop.

B3.9.3 Departmental Requirements

The IT programme will support business plans by enabling business objectives to be met. The 
following are examples of where IT will build upon the work completed and underway in
AMP4.

B3.9.3.1 Assets & Operations

To support Operation’s aims for reducing field staff’s non-productive time, an intelligent work 
planning and scheduling system will be introduced for Field Operations. This will support the 
Field Work Management System by issuing work automatically to the right person with the 
right skill set at the right location.

Operations require improvements to the Work Scheduling System (WSS) as the system is a 
stand alone paper based system which does not provide any meaningful management 
information on work force productivity or job status detail.  It only provides job information by 
exception i.e. work not completed and the reason why.  There is a requirement to include the 
Waste Water Process driven work on the FDCS work scheduling system.

The Field Device Collection System (FDCS) will be scaled to allow SW contractors to use the 
system.  There is a desire in Operations to dispatch all work and collect data via the FDCS 
system.

Within the AMP5 period, the replacement of our work and asset management system, Ellipse 
with an integrated system which aligns with FOMSA will be required.  There are also plans to 
integrate FDCS with FOMSA and BOMSA during AMP5 to provide a fully integrated view of 
work management with finance and customer data repositories. This will provide 
management with better business intelligence on work and asset unit costs as well as the 
impact on services to customers.

To provide customers with a single point of contact, the Customer Call Centre and the 
Technical Call Centre will be combined. This will support both Operations’ and Customer 
Services’ requirements to be able to see both billing and job histories in support of both 
customers calls and field contact with customers.

Significant parts of the Asset function are now outsourced (Asset Needs; Data and Reporting; 
Network Development) as a result of which the emphasis is on monitoring and control of 
performance, both for services provided and for the asset base. The vision is for improved 
Asset Management processes which are supported by an environment where good quality 
data is captured once at source and is held in fully integrated systems.

Assets’ requirements focus on a need for a more consolidated view of asset performance with 
life-cycle costs and predictive analysis of asset failures. Wherever possible, the requirement 
is for information to be presented via a geographical interface.
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Data management is key to achieving Assets’ goals. The requirement to capture the right 
data at the right time to monitor performance and plan for asset renewal is paramount to the 
Asset Business Plan. Ownership of data remains with Assets and in order to reduce the cost 
of both service provision and data ownership, it is essential that quality data is made available 
from Southern Water’s systems for all parties.

Business Systems’ IS Strategy supports Assets requirements by progressively consolidating 
systems into functional management systems arrangements. Integration across management 
systems arrangements supports both reporting and geographical presentation of information 
to deliver near or real-time metrics to in-house staff and partner organisations. The 
introduction of collaborative tools will further support BPO and the need to automate routine 
and repetitive tasks will be met by the introduction of electronic workflow to support defined 
process models. Views of data quality will be supported by the introduction of a Data Quality 
dashboard.

The telemetry programme of work is designed to move the business towards near or real-time 
intelligence on process performance, asset condition and energy usage. It will support the 
operational shift towards a centralised command and control approach to management of 
process, logistics and costs. This strategy will move operations away from reactive 
management practices towards a more predictive and interventionist platform to deliver 
improved process reliability. 

A significant proportion of the AMP5 M&G programme is the implementation of a Command 
and Control centre for Operations that encompasses the convergence of telemetry and 
SCADA. A proof of concept has been completed during AMP4 and following this success, we 
will extend the scope of the centre to cover the whole of Operations.

Key drivers include:

• A reduction in field staff with control managed from a central location.

• Optimisation of plant and processes allowing process and Hub experts to exploit the 
power of local information and control systems regardless of their location.

• Future ability to offshore activities resulting in manpower reductions and cost efficiency.

The project will provide opportunities for Opex reductions through reduced staffing costs, 
greater energy and chemical efficiency and reduction of operational risk.

B3.9.3.2 Customer Services

Customer Services’ business goal is to provide “World Class Customer Service”. Progress 
towards this goal will be measured against DG and Guaranteed Standards of Service (GSS) 
targets and the introduction of a new focus group approach to the continuous monitoring of 
customer satisfaction.

A major requirement for the business during AMP5 is to introduce full metering for all 
customers. This supports both Operations’ requirements for demand management and 
Customer Service’s requirements to present clearer bills to customers showing charges for 
supply used.

Customer Services will be placing increased emphasis on debt management to build on the 
existing debt profiling process. Customers will be supported with alternative ways to manage 
debt, pay bills and access a wider range of services.

The IT programme for Customer Services will support the metering programme by reviewing 
new technologies for the collection of meter readings and leveraging existing SAP 
technologies for the processing of data in the Billing and Back-Office systems.
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IT development of e-billing facilities will include web based portals and services for delivery of 
electronic bills and where necessary electronic reminders, to customers (domestic and 
commercial) to support debt management. Web-based services will also provide self-service 
facilities to support customer account management.

B3.9.3.3 Corporate

The Corporate programme comprises work for HR, Commercial, Legal, Communications, 
Corporate Strategy, Finance and Business Systems.

HR requirements are for near or real-time information on employee recruitment, 
administration, performance and training to be securely held in accordance with employment 
law and best practice management.

The on-going implementation and exploitation of BOMSA (specifically BAS)will provide all of 
HR requirements in the future, including management information via integration with finance 
data to provide an integrated view of employee costs through a BI (Business Intelligence) 
portal.

The Commercial team deliver contract and procurement services to the Company. Processes 
within the department are heavily dependant upon the timely exchange of information with 
third party service and product suppliers. Contracts need to be awarded to meet business 
requirements in agreed timescales to deliver value for money services. Product information 
needs to be maintained and communicated to internal and third party service providers.

End-to-end contract and procurement processes will be supported by BOMSA; workflow and 
programme management will be introduced to support process administration. New initiatives 
to take advantage of proprietary e-services for contract and procurement will be introduced to 
shorten contract award and equipment ordering cycles for operational staff.

All of the corporate functions require improved document and information management to 
support outsourced processes and improved flexible communication channels with third 
parties.

Business Systems will lead the introduction of a content management programme to support 
collaborative technologies. By acting as the Intelligent Client, Business Systems will deliver 
corporate standards to support existing technologies (both internally and externally sourced) 
to provide a controlling framework for information quality management.

B3.9.4 Industry Comparison

As a business we have reviewed our IT expenditure against industry in general, this review 
has shown the following,

• Based on IT spend models provided by a leading  industry research organization, 
companies spend an average of 6% (Industry sectors range from 2.5% and 12.2 %) of 
turnover on delivering IT services and improvement projects.   For the utilities sector, the 
report indicates the figure to be 5.1%. Comparing this to Southern Waters AMP5 
proposals of  Capex and  Opex, results in Southern Water spend of 5.4% 
slightly above industry model, but below the average IT organisation spend.

• Computer economics research indicates IT organization spend 73% of budget on ongoing 
support (Investment to maintain, and Compliance) and 27% on new initiatives.   Southern 
Waters Current IT investment profile is almost exactly this model with 74% on 
Maintenance and Compliance and 26% on new initiatives.

- Maintenance 41 %
- Compliance 33 %
- Efficiency 26 %
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B3.9.5 Specific Scheme Business Cases

The following provides details of the specific schemes included in the IT programme for 
AMP5. 

B3.9.5.1 Asset Consolidation of Systems ( )

Description 

This programme will deliver a “first-time” Enterprise Asset Management System (EAMS). The 
EAMS will comprise data from at least 35 of the Company’s existing 165 un-integrated asset 
systems. It will also interface with other datasets such as Environmental Consents, Planning 
Consents and Land Ownership.  The new repository will contain both “static” and “dynamic” 
data to describe both the asset and its performance.  The whole system will be integrated with 
GIS to provide asset data in a spatial environment to Asset and Operations staff and third 
party service providers.

The principle driver for this work is adherence to the Company’s approved IS strategy for the 
consolidation of systems.  The functional driver is improved efficiency in preparation for 
competition within the water industry.

Benefits 

Reduced Costs – A headcount reduction of 9-10% within the Data & Reporting Workpack has 
been identified by the service provider. They will spend less time comparing disparate 
datasets and managing data generally. This will eventually lead to the lowering operational 
costs but not until around 2013.  

 
 
 
 
 
 
 
 
 

Regulatory – One of the Company’s statutory requirements is administrative control of Waste 
Permits (The Hazardous Waste Regulations Act 2005). Failure to meet this requirement could 
lead to fines being imposed on the Company.

Improved Planning and Forecasting – The consolidation and integration of 35 datasets will 
speed up the process of data collection for planning and forecasting purposes. It will also lead 
to improved targeting and prioritisation of schemes.

Risk – There will be a reduction in risk associated with having data in discrete repositories. 
Typically, it can be difficult to be confident that all related data (to an incident or asset failure) 
has been collected and correctly interpreted i.e. blockage analysis linked to assets and jetting.

Reduced OPEX Expenditure – Better analysis (more complete and correctly interpreted) will 
lead to better solutions (i.e. resolution first time) and reduced OPEX expenditure (avoidance 
of re-work).   

Improved Management of Assets – Integration of datasets linked to “back-office” and “front-
office” datasets will result in a more holistic approach to asset management by including 
hitherto “unseen” data. Typically, work planning will be linked to the whole life cost of the 
asset, customer complaints and performance trend analysis. 
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Value to the Customer

Customers will benefit from improved efficiencies and fewer interruptions to services as a 
result of better planned interventions.

Effect of not including programme in PR09

Failure to introduce this programme of work will seriously impair the long-term Asset strategy. 
EAMS is the core initiative and dependency for other programmes of work within the Asset 
function. 

EAMS is also a key contributor to the Business Information layer in the IS strategy

B3.9.5.2 Command and Control Centre (Above Ground Assets) ( )

Description 

The requirement is provide a centralised "Command Centre" that encompasses the 
convergence of telemetry and SCADA.  Operations are already working on a POC, supported 
by Business Systems, for a trial starting in December 2007, with a possible expansion to 
another 3 sites. 

Key drivers include:

• A reduction in field staff with control managed from a central location.

• Optimisation of plant and processes allowing process and Hub experts to exploit the 
power of local information and control systems regardless of their location.

• Future ability to offshore activities resulting in manpower reductions and cost efficiency.

Following a successful pilot scheme of remote access of site SCADA systems we need to 
explore the possibility of making widespread use of such technology to reduce operational 
expenditure and improve efficiency. This approach could include remote centralised 
monitoring, reporting and process optimisation either by Southern Water’s Maintenance Hub 
function or by an offshore service provider.

A feasibility study by TCS (Oct 2008) considers remote access of existing SCADA systems on 
WTW and WSW sites only. It includes consideration of both remote viewing (accessing 
mimics, reports, trends etc) and remote control (e.g. manually running assets when necessary 
and adjusting process parameters for process optimisation). Technologies such as 3D 
visualisation & control are also possible and would be considered as part of Command & 
Control, although this was not included in the TCS study.

Site based SCADA systems will need to be revised if they are to be integrated into any 
common network or data collection system. Historically, such systems are installed to perform 
a specific task and are rarely maintained at current levels. With the dependency on security to 
networks and systems and the fact that these assets form part of our critical national 
infrastructure, the importance of improving these systems as the technologies converge from 
telemetry and data is a priority.  The required upgrade will vary from site to site depending on 
the age of the existing installation. 

Benefits 

• Improved Asset Management – Improved understanding of the full lifecycle operation of 
assets under working conditions. This is an essential enabler to Assets’  targeted 
maintenance and a natural follow on to CBM ( Condition Based Monitoring)

• Opportunities for a reduction in OPEX costs by reducing staff costs

• Opportunities for a reduction in OPEX costs by reducing energy and/or chemical costs

• Other opportunities for improving efficiency of operations and reducing business risk
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Efficiency – Improvement in working efficiency will follow once scope of works has been 
identified.   At this stage it cannot be said what this efficiency is however, the targeted 
approach will deliver assurance that maximum working efficiency is being achieved.

Areas of benefit are improved monitoring of plant and process, supported and supportable 
infrastructure, improved change control, improved accessibility, centralised technical experts, 
data sharing capabilities with 3

rd
parties and process intelligence. 

Effect of not including programme in PR09

Unsupported SCADA infrastructure requiring standalone investment. Negligible synergies in 
resource and process optimisation.

B3.9.5.3 Upgrade of Core Telemetry Infrastructure ( )

Description 

This programme is to upgrade and replace existing telemetry infrastructure systems, 
replacing end-of-life hardware and upgrading legacy software to supported, compatible and 
supportable versions. Only devices that are unsupported, incompatible or uneconomical to 
maintain will be replaced.

Although some replacement devices may have increased functionality available, this is not 
the main driver for this programme. The upgrade and replacement programme includes:

• Corporate Telemetry data collection system comprising SCOPE, PI and CMS

• Operational site-based data collection components:

- Outstations and PLCs
- SCADA systems
- Generator control systems
- Instrumentation including turbidity and flow meters and cess loggers, UV 

monitoring dose-meters, coagulation monitoring and leakage loggers.

These systems and field data collection devices are key to providing real-time data and 
alarms to the business. The telemetry alarm system is the main mechanism for triggering 
reactive work, response to asset failure, and preventing pollution and other compliance 
issues. These systems need to be replaced as they come to end of life as they can no longer 
be supported effectively. Replacement of outdated hardware and upgrade of software is 
required in order to ensure that the systems continue to be reliable, maintainable and 
adaptable. 

Benefits 

Tangible benefits will need to be validated through feasibility and business case development 
prior to individual project approval and commencement, however the following outline benefits 
are anticipated:

• Improved compliance at monitored sites (less telemetry/instrumentation hardware failure)

• Lower maintenance costs for telemetry system

• Greater scalability of telemetry system for future expansion

• Reduction in telemetry configuration effort

• Reduction in energy costs by more reliable generator control

• Improved opportunity for greater system integration and reliable data transfer

• Wider field data accessibility via web-enabled user interfaces and dashboards
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The following intangible benefits will result from the programme:

• Supportable and supported systems

• Reduced risk of failure of central telemetry system

• More flexible and adaptable infrastructure

• Faster configuration changes

• Improved system integration

• Greater infrastructure resilience

• Consistent application and standardisation of hardware

• Greater system capacity and scalability

• Opportunity for data sharing with 3rd parties at lower cost

• More widespread and user-friendly access to key field data  

Effect of not including programme in PR09:

If this programme is not included in PR09, SW run the risk of increasing telemetry hardware 
failures and unsupportable software leading to high system maintenance costs, loss of data 
and unreliable alarm system leading to an increased number of pollutions and other 
compliance issues at sites monitored by telemetry systems.

B3.9.5.4 Billing Improvements ( )

Description

This is one of 4 programmes of work (CS1, CS2, CS3 and CS4) (ref Fig B3.228) that will 
support Customer Services’ business goal to provide an industry leading customer service 
operation.   Progress towards this goal will be measured against DG and Guaranteed 
Standards of Service (GSS) targets, whilst the introduction of a new focus group approach will 
enable the continuous monitoring of customer satisfaction.

The strategy to achieve this goal will be to leverage communications and collaborative 
technologies, to further exploit existing SAP (billing and customer contact) functionality.

The strategy will include initiatives to provide a greater emphasis on e-billing and e-
communications with customers (e-comms is a part of CS2:- the Customer Contact 
Management work programme).

Part of the Billing programme [CS1] will include consolidated billing. Collection of income is 
supported through a clear representation of a customer’s account position through the bill 
they receive. Checking current commercial bills for some customers can be difficult in 
circumstances where there are multiple meters, multiple sites or a trade effluent element. The 
investment will allow the incremental improvement of billing based on analysis of customer 
feedback and specific improvements in the ability to more clearly bill complex customers such 
as joint invoicing, multi-site and combination meters.

An initiative to work more closely with the Water Only Companies (WOC’s) to share data to 
enable consolidated billing is underway in AMP4. Further investment is expected to be 
required to reduce the operational costs and cash flow impact associated with handling data 
to and from WOC’s. 

An initiative to improve services and validation is required to enable improved customer 
contact within the business. These maintenance improvements will target the accuracy of 
billing and other customer information through processes such as validating data at the point 
of entry in to SAP.
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Within PR04 (2009 – 2010), there will be delivery of an initial deployment of a specialised 
debt management system. The criticality and complexity of debt management will mean that 
regular investment will be required to optimise the solution and its interaction with SAP. This 
will include an improved view of the debtor customer base and flexible contact strategies. In 
addition, an upgrade of the solution will also be due within the PR09 period. Other debt 
related investment will also include an improved forecast and planning capability and 
business intelligence to support analysis.

Provision has been made throughout the PR09 period to accommodate functional changes to 
the Billing System to accommodate regulatory / mandatory requirements.

New technologies to support initiatives in CS1 will include:

• Development of workflow and improved electronic data exchange with Water Only 
Companies (WOC’s) to facilitate quicker and more accurate billing. This will be achieved 
through a middleware solution and/or increased WOC engagement.

• Improved workflow with Operations and contractors to support an accelerated meter 
install programme and an increased volume of processing of meter reads. This work will 
also make customer data available to Operational staff to improve the customer contact 
experience. 

• A programme of work to include emphasis on validation controls at the data collection 
stage (with particular emphasis on data collected as a result of the meter deployment 
programme or through improvements in address management). 

• Development of e-billing facilities to include web based portals and services for delivery of 
electronic bills – and, where necessary, electronic reminders – to customers (domestic 
and commercial) to support debt management. 

• Web-based services will also provide self-service facilities to support customer account 
management.

Benefits  

The tangible benefits arising from investment will arise in three ways:

• Direct operational savings

• Reduced billing errors

• Reduction in resourcing for activity peaks

• Environmental improvement through reduced issue of paper documents

• Efficient interfaces with other water company systems

• Improved certainty over achievement of regulatory targets

• Staff resource to achieve targeted effort

• Reduction in in-bound call volumes and correspondence

• Reduced contract volumes e.g. printing

• Improved control over debt level allowing a reduced debt provision

• Reduced lag for processing of WOC data resulting in improved cash flow

The benefits above are relative to what the costs would be without the investment. Actual 
costs levels may go up or down dependent on business practice and the external 
environment. For example, significant e-billing will reduce the bill print cost and reduced 
correspondence will reduce back office processing costs. These benefits will be articulated in 
the Revenue and Customer Services Business Plans.
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Failure to deliver this programme of work will jeopardise the Company’s stated objective to 
deliver an industry standard customer service operation and to be the “No 1 water utility in the 
UK”.  The investment in the SAP billing and customer management system in PR04 will now 
be supported by the Company’s transition to competitive distinction through superior service 
offerings in the field of customer service.   This programme of work is essential to achieving 
that vision.

B3.9.5.5 Telephony Upgrades and Network Upgrades ( )

This programme is one that make up the replacement or upgrade of systems 
implemented/deployed during the PR04 period.

Included projects:

• Refresh network and telephony infrastructure

• Development of IP Contact Centre (IPCC) and call flows

Refresh Network and Telephony

This part of the programme will address the fact that the network infrastructure currently in 
place will become end-of-life.  The existing hardware has been implemented in three main 
phases:

MPLS1 – this phase completed mid 2006 and included the Local Area Network at Durrington, 
telephony core infrastructure, IPCC, Witness, darondo, Symon and QueueBuster Systems. 
Most hardware was purchased in 2005.

MPLS2 – this phase commenced following the award of the ITMS contract to Wipro in 
November 2006 and is due to complete in April 2008.  It includes the Local Area Network 
infrastructure at all sites, except Durrington, and Wide Area Network equipment to all sites.  
The hardware for this phase was mainly purchased in early 2007

Infrastructure Renewal.  Currently being implemented, this project impacts firewalls and core 
switches and Wide Area Network at Bracknell, and to a lesser and currently uncertain extent 
at Durrington.  This programme is due for completion by September 2009, with hardware 
purchased in 2008.

Cisco’s End-of-Life policy support states that they will provide hardware support for five years 
following a product going EoL. Operating system support is provided for four years and 
application support for two years following EoL. Either may be dependent on software 
upgrades being applied, which may have knock-on effects on hardware compatibility.  
Although specific EoL dates for all deployed hardware are not currently available, discussions 
with our support providers Cable and Wireless suggest that the replacement cycle should be 
based on a lifespan of 5-6 years from original purchase.  

Based on this there are three distinct replacement cycles based on the three rollouts above.

• MPLS1 refresh – implement in 10/11 and 11/12.    

• MPLS2 refresh – implement in 12/13.  .

• Infrastructure Renewal – implement in 13/14. 

In all cases as these are like-for like upgrades no change in Opex is forecast.  Any short term 
changes will be accommodated in the capital project.

The investment in network infrastructure is aligned to the convergence of telemetry with the 
voice/data network, the costs of which are covered elsewhere.
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Technology Improvement of IP Contact Centre (IPCC) and call flows

Southern Water’s call centre needs best of breed systems to provide the best service to 
customers.  SW will work with vendors to lead development of improved technology.

This project stream includes improvements to call centre systems including:

• Development of call flows to maximise the efficiency of call centre staff and promote and 
develop self service facilities

• Development and deployment of monitoring and control systems to optimise system 
performance and meet regulatory requirements for customer service standards

• Enhanced capacity management tools

The estimated cost of this rolling project is  per year.  Most of the development cost 
would be resources and the forecast for software/hardware is  pa, with any increased 
Opex absorbed by other efficiencies.

Benefits     

This programme will deliver the following benefits

Reduced mobile phone costs

Mobile phones will automatically switch to VoWLAN when they are in range of a SW WLAN 
access point.  A high proportion (business estimate is ~30%) of mobile phone calls are made 
from company premises.  These calls would be delivered over the internal network at no 
charge.  There will consequently be a reduction, across the business, of mobile phone costs.

Reduced need to travel

Staff will have a reduced dependency on actually visiting the main networked offices to 
respond to emails or access systems.  Many of these project streams will allow staff and 
teams to collaborate effectively without the need to be face to face.  The technology will 
support presentations delivered over the network, while staff can discuss the content over the 
phone, or via a video feed.  These will not only improve efficiency by avoiding the waste of 
time that is involved in travelling to meetings they will also reduce fuel expenses and reduce 
the carbon footprint.  

Continued reliability

The programme will ensure that the network environment will continue to function reliably and 
is operating systems and applications that area supported.

Technology advances will provide additional functionality.  In particular it is likely that wireless 
technology will support more agility and flexibility within the business, with reduced impact on 
bandwidth.  Short term office moves will be possible without major re-cabling work.

Efficiency

This project will reduce travelling time, reduce the carbon footprint, and increase the time 
available for productive work.  A single contact number whether in or out of office will support 
improved communications.

If this programme is not included in PR09, the physical hardware which runs SW’s network 
will, as it ages, become more prone to failure.  Failed hardware would have to be repaired or 
replaced in an unplanned way that would increase risk of business impact.  In addition many 
efficiencies and savings would not be achieved.

B3.9.5.6 Additional Monitoring Points ( )

This programme outlines provision of additional equipment and infrastructure to provide 
enhanced levels of telemetry across all operational areas. 
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There are still some operational wastewater sites that do not have any telemetry provision 
and one element of this programme is to provide complete telemetry coverage throughout the 
business such that all above ground assets have at least basic performance monitoring and 
exception reporting (failure alarms). The remainder of the programme is to increase the 
coverage of data provided from sites that already have some degree of telemetry provision.

The following is not an exhaustive list but under this initiative/project data will be provided 
relating to:

• First time telemetry (approx 127 WPS sites where there is currently no telemetry 
provision)

• Sewer Level Monitoring (additional 200 locations where there is currently no telemetry 
provision)

• Condition Based Monitoring of WPS (enhanced data provision at additional 200 sites)

• Condition Based Monitoring of selected Water Supply assets

• Measurement of Sludge Tank levels/storage capacity, to support Sludge Management 
(15 sites)

• UV dose monitoring on WTW

• Booster Monitoring

• Chemical Storage

Benefits      

Additional monitoring of field measurements brings the opportunity to bring a diverse range of 
benefits by using “fact-based management” to efficiently deploy resources and manage 
processes.

• Reduce, with the aim of elimination of Cat 1 & 2 pollutions by 2015 (First Time Telemetry 
+ Sewer Level Monitoring + CBM)

• Reduced cost of maintenance & cost of failure (Predictive maintenance from CBM of 
WPS & Booster Monitoring & Water Supply)

• Improved efficiency of Sludge Logistics (Sludge Talk Level monitoring)

• UV monitoring compliance with legislative requirements (UV dose monitoring on WTW)

• Moving points of measurement closer to the customer reduces the impact of pollution 
events and enables greater asset / process visibility.

• Knowledge is power. Fact-based management increases efficiency and minimises the
risk of human error.

• Wider coverage of plant and process information provides greater opportunities for 
league tables, unit costing etc

A significant number of above and underground assets will remain unmonitored and will 
therefore pose a risk to compliance if this scheme is excluded from PR09. There will also be 
reduced opportunity to optimise and reduce process running costs and reduced opportunity 
for proactive maintenance based on asset condition.

B3.9.5.7 Server Upgrades ( )

This programme includes for the upgrade/replacement of server and data centre hardware at 
which is defined as uneconomical to support.  It also covers some improvements to the data 
centre infrastructure that will enhance resilience and availability.
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Included projects:

• Data centre capacity enhancement

• Data centre environment

• Wintel server hardware upgrade

• Wintel server operating systems and Exchange Server

• Backup and storage infrastructure upgrade

• Sun infrastructure refresh

• BAS upgrade

• Billing System SAP servers into Bracknell and Durrington data centres from separate 
hosted sites

• Application Test tools and environments

Data centre capacity enhancement

The demand for data storage capacity will rise dramatically as knowledge management tools 
are deployed and they become more entrenched in business processes.  Although 
technology such as de-duplication will ensure that storage operates more efficiently, there is 
forecast to be continuing exponential growth in storage requirements.  The IT Renewals 
Programme has identified year-on year growth of up to 40%.  It is suggested that a growth of 
25% should be allowed for.

The existing infrastructure does not provide full capability to run all systems from either site, 
i.e. it does not provide 100% capacity than can be for DR.  Currently, VMWare virtualisation 
technology does not provide the capability to operate clusters across data centres, although 
the supplier roadmap indicates that it will be available during the PR09 period.  
Implementation of 3-node, n+1, clustering across the data centres will minimise outages and, 
by providing dynamic hot-hot failover capability, enable 100% target availability.

Data centre environment

Reliance on the data centres will increase as critical systems, particularly the billing system, 
are housed there.  It is essential that the data centre in Durrington has robust infrastructure to 
ensure maximum availability.  Although significant work has been carried out in 2008/9 in the
renewals programme, some weaknesses remain and it is especially important that these are 
resolved if business critical systems.  The following improvements are proposed:

• Additional UPS to replace the older, existing system 

• Generator dedicated to data centre 

• Additional cooling systems 

The timing of these improvements is designed to match the move of the billing system out of 
our hosted site at Stratford and Groningen (2010/11) to our main sites at Durrington and 
Bracknell

Wintel server hardware upgrade

This programme will address the fact that many of the servers being delivered under the IT 
Renewal programme will be approaching end-of-life by the end of the AMP5 period. The 
driver for this is the lifespan of the physical hardware. This is taken to be five years from date 
of purchase.  Servers were purchased in 2007/08 so the entire estate will reach end of life in 
2013.  The project will also encompass upgrades to the latest virtual and thin client 
application and presentation environments such as VMWare, Citrix and licence management.
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Wintel server operating systems and Exchange Server

• This is to upgrade all servers from Windows Server 2003 to Windows Server 2008.  This 
is planned for 2010/11.  A further upgrade to current version is also planned in 2012/13.  
This upgrade will ensure that SW takes advantage of all performance, security and 
functionality benefits of the later versions.  

• This is to upgrade from Exchange 2003 to later supported version.  Again driven by 
Microsoft’s product roadmap (ref http://support.microsoft.com/lifecycle/?pl=1773). 
Mainstream and extended support end 14/04/2009 and 08/04/2014.  Planned for 10/11 to 
coincide with server OS. 

Backup and Storage Infrastructure upgrade

This project includes for the replacement of backup and storage hardware implemented in the 
IT Infrastructure Renewal Programme during 2008.  Based on a replacement of backup and 
storage in Bracknell and Durrington, and based on a five-year life cycle.

Unix infrastructure refresh

The IT Infrastructure Renewals Programme is delivering an improved backup and storage 
environment and replacing the Wintel servers with a consolidated infrastructure virtualised 
across two data centres.  The existing Unix environment is being relocated to the new data 
centres, and resilience will be improved by the new storage and backup systems.  However at 
an application level the resilience is not being improved and no improvements are being 
made to the overall Unix architecture.

This project will refresh the Unix server environment to provide full resilience on all 
applications (currently that includes key business applications such as BAS, GIS, Ellipse, data 
warehouse), increasing availability to a target of 99.9% and ensuring business continuity in 
the event of a major disaster at one of the data centres.

Costs are based on the hardware costs of the original implementation project and utilise any 
existing recent hard ware (e.g.BAS).  GIS hardware will be end of life in 2011 and it is 
proposed that the programme is started then.

BAS upgrade

Active support for Enterprise Core Component 6 (ECC6) will cease in 2013.  Although the 
application support charges include for free upgrades there are significant costs in 
undertaking the upgrade.  

Billing System SAP servers into Bracknell and Durrington data centres

Unix servers for our SAP ISU Billing system were purchased in 2005 and will become EoL 
around 2010.  Total hardware cost of approximately , including implementation cost – to 
include relocation of servers into the new Bracknell and Durrington data centres and 
deployment of communications to support SW and third party users.

.At the same time it is proposed that a full five tier environment, as recommended by SAP, is 
deployed in the data centres, split to maximise the resilience.  This will provide 2xQA, test, 
dev, production environments.  .

Further expenditure on servers of  is proposed in 2009/10. These will become EoL at 
the end of AMP5. .

This programme will deliver the following benefits:

• This will be an enabler for the consolidation of the Unix infrastructure and there should be 
an opportunity for a reduction (un-quantified) in the cost of support.
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• The programme will ensure that the server environment will continue to function reliably 
and that the operating systems and applications are supported.  Productivity will be 
improved as outages are minimised.

• As new technology replaces old, these projects will deliver higher performance with 
increased reliability, able to deliver to a higher service level agreement at a lower support 
cost.  The target availability will be 100%.

If this programme is not included in PR09, the physical hardware which runs SW’s key 
business applications will, as it ages, become more prone to failure.  The data centre would 
not be fit for purpose.  Failed hardware would have to be repaired or replaced in an 
unplanned way that would increase risk of business impact.  If the operating system is not 
upgraded SW would not be supported by Microsoft or Sun and high susceptible to an 
unrecoverable, terminal, failure of the application.

B3.9.6 Summary

The proposed AMP5 investment in IT for the AMP period is against the following specific 
schemes.

Table B3.243. M&G Programme for AMP5 by Project

Ref Description
AMP5 
Cost (£k)

O30 Upgrade of core telemetry infrastructure

CS1 Billing

O37 FDCS Upgrade

C2 BAS upgrade (geographical reporting)  – EIS / dashboard?

INF4 Security

A1 Corporate GIS

C1 BAS upgrade (further capability realisation)

O36 MGIS Upgrade

INF1 Server Upgrades

INF2 Desktop & core apps upgrades

INF3 Telephony Upgrades + Network Upgrades

O6 Command & Control Centre (Above Ground Assets)

CS4 Billing System Upgrades

C8 Collaboration tools (e.g. Sharepoint, Base Camp)
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Ref Description
AMP5 
Cost (£k)

O2 Asset Consolidation of Systems (ACS)

C4 Ofwat June Return – changes

CS3 Universal Metering

C12 Central Budget (for IT)

O4 CBM

O31 Additional monitoring points

O25 Intelligent Scheduling

C16 ITIL supporting Applications + Infrastructure (CMDB, etc)

O15 Real Time Digester Performance

O17 Automate Control & Dispatch of Sludge

C7
Content (documents, images, mail etc.) storage, retrieval and version control  
(ECM)

O32 Optimisation and Automation Telemetry Tools

CS2 Contact Management

O16 Sludge Treatment Centre productivity (Dynamic Mass Balance)

O34 Telemetry and Field-sourced data Quality Management System

A3 Asset Connectivity & Categorisation

C19 Data Quality Management

A4 Asset Data Quality Dashboard

A5 Asset Information BI and Reporting

C17 Business Intelligence

C14 Business Continuity (Business Systems IT Service Continuity)

C3 Ofwat June Return – improvements

INF5 Building sales and refurbishment

IT Total
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Ref Description
AMP5 
Cost (£k)

PR14P PR14 Preparation

FM1 Durrington Refurbishment

FM2 Horsham Refurbishment

FM3 Facilities RCP

Total

B3.9.6.1 Costs

Where possible, CAPEX figures are based on quotations or estimates from incumbent 
suppliers. Typically this is the case for Customer Services and Infrastructure programmes. In 
other cases, figures are based on recent schemes of a similar nature or on estimates from 
experienced IT professionals, we believe that this approach provides robust cost estimates for 
future investment proposals. Investment is also within highlighted industry benchmarks by 
turnover and investment category.

Table B3.244 shows CAPEX by benefits claimed. Where a scheme delivers benefits from 
more than one category, a percentage allowance has been made based on the tangible 
benefit values claimed.  

Table B3.244 AMP5 Capex expenditure by business area

Totals

Corporate

Customer Services

Infrastructure

Assets and Operations

Telemetry

TOTALS 

B3.9.6.2 Balance

Our approach to M&G investment in AMP5 has been to focus our programme in areas which 
will provide the largest business benefits. In doing this, we have constrained our programme 
of work to ensure that M&G investment does not increase its impact on customer bills during 
AMP5. This constraining process also ensures that the programme of work, in terms of capital 
expenditure is actually less than that delivered in AMP4 and is therefore deliverable in AMP5 
within our existing pool of resource. We believe this is a clear example of where we have 
balanced risk against customer bills in our programme.
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B.3. Service and Serviceability – Opex

B.3.1 Introduction

In this section we set out:

• Southern Water’s operating expenditure for base services in the 2007/08 base year
(Ofwat Tables B3.3 and B3.4, line 1);

• the nature of a-typical costs in the base year (line 2); and

• changes to the level of operating expenditure for base services currently anticipated 
over the AMP5 period.  These include special operating expenditure adjustments (line 
4) and operating expenditure adjustments associated with capital maintenance 
programmes (line 6).  We have no adjustments to base operating expenditure arising 
from ‘Q’ programmes (line 5).

In presenting these explanations we have taken account of Ofwat’s revised guidance for the 
final business plan, and the company-specific feedback and responses following the Draft 
Business Plan submission and discussions.

B.3.2 Overview

During AMP5 we anticipate upward pressures on costs which will lead to significantly higher 
increases in operating costs for base services than captured through RPI-based indexation.  
These pressures principally arise from:

• external market factors such as increased energy prices;

• legislative changes leading to new levies on the company such as the introduction 
of the carbon reduction commitments scheme and lane permit charges; and

• the impact of the financial and economic environment which has contributed to an 
increased funding deficit within the company’s pension scheme and is expected to 
lead to higher costs relating to bad and doubtful debts.

• regulatory initiatives such as accounting separation, which is likely to lead to 
significant additional reporting costs.

A sustained period of deflation (as measured by RPI) would exacerbate these pressures, to 
the extent that the costs we face are not falling in the same way.

Table B.3.1 below shows the base year and adjustments for subsequent years to base 
service operating expenditure for Southern Water (SWS).  These figures represent the 
combined total for water and sewerage.  The separate figures for water and sewerage 
services are shown in Tables B.3.6 and B.3.7 at the end of this section.  The figures in these 
tables and throughout this section are before savings through assumed efficiencies.
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Southern Water’s adjusted base year operating expenditure for 2007/08 is  .  
Due to the cost pressures outlined above we expect operating expenditure for base services 
to rise during AMP5 from  in 2010/11 to million in 2014/15 at base year 
prices.  These figures are before efficiency savings which we expect to amount to  of 
annual base operating expenditure by 2014/15.  Further details of our efficiency assumptions 
for operating costs are set out in Section B.2.

Table B.3.1 – Total base service operating expenditure

  
1

Figures in the text are quoted to 1 decimal place, but are shown to 3 decimal places in the tables.  
Data input to the capture system is to 3 decimal places.
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B.3.3 Reported base year costs
The company’s reported base service operating expenditure for 2007/08 was  
(line 1).  This is as stated in the 2008 June Return.

B.3.4 Atypical costs
We have identified the following two adjustments to base year operating expenditure for 
purposes of efficiency assessment and future operating cost estimates for base services 
throughout AMP5:

• Ofwat fine - The fine imposed by Ofwat of  is clearly atypical and should 
be removed from the base year.

• Special projects - During AMP4 we have incurred costs associated with two special 
projects (‘income max’ and ‘jigsaw’) aimed at increasing the rate of collection of the 
company’s revenues.  These projects and associated costs will be completed prior 
to AMP5.  The amount incurred in 2007/08 totalled .

The above items are as presented in our Draft Business Plan.  For our Final Business Plan 
they are the only atypical adjustments, so the total reduction to base year operating 
expenditure is  (line 2).  The adjusted base year operating expenditure is 
therefore  (line 3).

In our Draft Business Plan we also identified pension costs and PR09 costs as atypical base 
year items.  In view of Ofwat’s feedback (CE/SRN/002), for the Final Business Plan:

• the necessary adjustment in respect of pension costs is now presented within 
‘special operating expenditure adjustments’ and explained below; and

• we have not made an atypical adjustment for the level of PR09 costs in 2007/08.  
Whilst we maintain that the annual costs incurred vary within each five-year cycle, 
we accept that the underlying asset management and planning activities are 
ongoing. 

B.3.5 Special operating expenditure adjustments
During the AMP5 period we anticipate upward cost pressures which will lead to significantly 
higher increases in operating expenditure for base services than will be captured through 
RPI-based indexation.  Where these are beyond management’s direct control - for example 
due to changes in legislation, accounting regulations or external market factors - these need 
to be reflected within the price setting process.

For the Final Business Plan, we have identified the following special operating expenditure 
adjustments:

• Pension contributions – As set out in our Draft Business Plan, the adjustment 
required to base year operating expenditure as reported in JR08 has two 
components -

i) change in accounting treatment - The PR04 Final Determination was based 
on a level of enhanced pension contributions to offset the pension fund 
deficits resulting from stock market declines during the AMP3 period.  
Members’ contribution rates were also increased.  At the time, SWS was 
reporting its pension contributions under SSAP24, whereby the full amount of 
the enhanced cash contribution was charged to operating expenditure.  In 
2005/06 the company (along with most other water companies) adopted 
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FRS17 for pension accounting.  Under FRS17, part of the enhanced cash 
contribution is charged directly to reserves.  

As our recent analysis of pension contributions shows ('Request for pensions 
data', as submitted to Ofwat on 20 March 2009), the company's total actual 
and projected pension contributions during AMP4 are broadly consistent with 
the PR04 Final Determination. In 2007/08  of the payment was 
charged to reserves rather than operating expenditure.  This figure should 
thus be added back to reported expenditure (under JR08 guidelines) to show 
the full amount of the payment and to be consistent with the established 
funding mechanism.

2

In our Draft Business Plan we presented this component as an atypical 
adjustment to base year operating expenditure (Ofwat Tables B3.3/3.4, line 
2).  For the Final Business Plan we have included it under special operating 
expenditure adjustments (line 4) in accordance with Ofwat’s feedback and our 
response to Ofwat query CE/SRN/002.

The correct amount is , being the company’s total cash 
contribution to the pension scheme in the base year of , less the 
amount charged to operating expenditure of .  In our Draft 
Business Plan this adjustment was shown incorrectly as .

ii) Additional pension contributions – Notwithstanding the enhanced 
contributions noted above, the deficit within the Southern Water pension 
scheme has increased since the actuarial valuation carried out prior to PR04.  
For the valuation as at 31

st
March 2007 a higher deficit was principally due to 

updated actuarial assumptions; notably increased longevity of pension 
scheme members and lower forecast investment returns.  In order to address 
this additional deficit, the Board of Directors and the pension scheme trustees 
have approved a series of additional pension contributions throughout the 
AMP5 period.  These enhanced payments – i.e. the approved annual 
payment less the 2007/08 base year payment of  - have been 
deflated to base year prices using the same RPI assumptions as used 
throughout our Final Business Plan.

As noted above, these additional contributions have been assessed on the 
basis of the most recent full actuarial valuation which was as at 31

st
March 

2007.  A copy of the actuarial report was provided to Ofwat with our response 
to the most recent pensions data request (returned on 20

th
March 2009). As 

explained in that response, we are currently in the process of obtaining an 
updated actuarial valuation for the scheme. If, as we expect, this reveals that 
the deficit has grown significantly we intend to provide further details later in 
the year, based on the latest data.

Given the likely increase in the deficit compared to the numbers shown here, 
we would like to discuss with Ofwat options for addressing the deficit in other 
ways, which would have less impact on customer bills. We have in mind a 
mechanism similar to that employed recently by Ofgem whereby some or all 
of the deficit contributions are added to the RCV (as for non-depreciable 
capex) and remunerated through the return of capital. Our modelling suggests 
that this would have a material beneficial impact on customers’ bills during 
AMP5. 

• Energy costs - In 2007 we secured the majority of our electricity requirements for 
the remainder of AMP4 at then prevailing market prices.  However, for the AMP5 
period we are currently exposed to market prices.

  
2

Note that the same adjustment has been applied in calculating the opex roller in table B2.1a.
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An independent study by Bergen Energi, commissioned for PR09 by Water UK,
projects a trading range for electricity contract prices for each year to 2015.

3
On the 

basis of the median within this range
4
, we estimate that our annual electricity costs 

for base services would, on average, be  per year higher in AMP5 than 
the  incurred by the company in the 2007/08 base year.

Since the preparation and publication of the above report, energy prices have fallen 
dramatically and current prices are well below the median case set out in the 
Bergen report.  

We have therefore based our power cost assumptions on a more recent projection 
provided by our independent advisors EIC.  Their central estimate is for wholesale 
power costs to increase from an annual average of  in 2009 to  in 
2013.  EIC estimates by year are shown in Table B.3.2 below.

5

Table B.3.2 - EIC power cost central estimate 2009-2013

 

In using these estimates as the basis for our proposed adjustments to base service 
operating expenditure, we have apportioned EIC’s calendar year estimates to 
financial years, discounted outturn prices to base year prices using the RPI 
assumptions adopted throughout our Final Business Plan, and assumed unit costs 
remain constant beyond 2013.

We have also made a reduction to our proposed operating cost adjustment to reflect 
the fact that if power costs increase in the manner projected by EIC, some of this 
increase will directly impact RPI which in turn will be captured through the regulatory 
pricing mechanism.  For these purposes, we have assumed that the impact of an 
increase in power prices of approximately 40% between 2010 and 2013 should be 
offset by a downward adjustment of 0.1% of base year operating costs in 2009/10, 
rising incrementally by 0.1% each year to reach 0.5% of base year operating costs 
in 2014/15. This is broadly consistent with the assumptions made by Ofwat for 
PR04.

The proposed adjustment to base operating expenditure is notably lower than set 
out in our Draft Business Plan due to the lower central estimate of power costs.  

Given the recent extreme fluctuations in energy prices – exemplified by the 
movement between the Bergen report for the Draft Business Plan and the EIC 
analysis for the Final Business Plan - there is a considerable risk around these 
estimates. We are therefore proposing that energy costs should be a notified item 
for AMP5. We describe our suggested mechanism for such a notified item in Section 
B7 of this Final Business Plan.  

Table B.3.3 shows our assumed levels of power consumption for the purposes of 
this Final Business Plan.

  
3

Energy price forecast for the UK market, 2008-2015, PR09.  Dated November 2008.
4

The median case shows an estimated contract price of £70.6 MWh in calander year 2010, rising to 
£80.3 MWh in 2015 (see page 3 of the above report).
5

Source: EIC, UK Baseload power price, 2009-2013 (nominal outturn, £/MWh), Power Scenario I.
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Table B.3.3 - Electricity consumption assumptions

AMP4 AMP5
Mar-
08

Mar-
09

Mar-
10

Mar-
11

Mar-
12

Mar-
13

Mar-
14

Mar-
15

 

• Carbon trading - The Energy White Paper 2007 announced the introduction of the 
Carbon Reduction Commitment (CRC) system of emissions trading, starting in 
2010.  Under current proposals SWS will be required to report and comply with the 
scheme for all of its fuel consumption.  Whilst the scheme is intended to be revenue 
neutral to the Exchequer, it is expected that water companies, as a relatively power-
intensive business, will remain net ‘penalty’ payers throughout the AMP5 period.

Our projections for the Final Business Plan are on the basis that the scheme starts, 
as scheduled, in 2010; that the price of carbon will remain fixed for the first three 
years; and that the penalty will be capped at 10% in the first year, rising by 10% 
increments for each of the following five years.

As a company we have clearly set out our commitment to containing our carbon 
emissions and are actively exploring ways to mitigate our environmental impact. 

• Bad Debts – The costs of bad debts include internal and outsourced costs of 
recovery efforts, the financing costs of late payments and ultimately any residual 
amount not recovered.  Southern Water has devoted considerable effort and 
resource to improving debt collection, both from commercial and domestic 
customers, including the establishment of a dedicated revenue directorate.  A 
summary of our main debt collection initiatives is set out in Appendix B.3.1 (Opex).

As a result of these initiatives, combined with improved billing procedures and 
systems, we expect our doubtful debt costs for 2008/09 to decrease from nearly 
2.9% of revenues in 2007/08 to around 2.4% of revenues in 2008/09.  We also 
expect that, at this level, this ratio will be in line with the average for the water and 
sewerage companies in 2008/09. 

For the Final Business Plan, our ‘base level’ estimate is for bad debt costs to 
increase in line with, and in proportion to, the growth in customer numbers and 
average bills.

However, after 2008/09 it is reasonable and prudent to anticipate that the current 
economic and credit environment will lead to an increase in bad debts across the 
water industry.  We are particularly at risk from this, having a very high proportion of 
revenues from domestic customers and, within this domestic revenue base, a 
relatively high proportion of revenue arising from sewerage-only customers which 
will rank behind clean water customers in respect of bill payment.  We therefore 
expect the costs of bad and doubtful debts to rise during the latter years of AMP4, 
and to average 2.75% of revenues during AMP5.

This represents a central estimate for the period.  The data presented in Table B.3.4
shows the doubtful debt costs of the water and sewerage companies as a 
percentage of revenues over the period 2002/03 to 2007/08.

6
.  The graph shows the 

  
6

Source: regulatory accounts published and available on companies’ websites.
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volatility of these costs, with many companies experiencing significant variations 
between years.

Figure B.3.4 – WaSC doubtful debts as a percentage of revenues
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Following feedback from Ofwat on the Draft Business Plan, we have presented 
further analysis on our own and other companies’ bad debt costs.  The projections 
within this final business plan represent a significant reduction in projected bad debt 
costs for AMP5 than set out in our Draft Business Plan.

• Meter reading recharges - The Southern Water operational area is fragmented by a 
number of water-only companies, with approximately 900,000 sewerage customers 
receiving their water supplies from another company.  The costs that we incur for 
meter reading recharges from water supply companies have increased substantially 
over the latter part of AMP4.  This has been due to more of these customers 
switching to metered supplies, and in some instances to excessive meter reading 
and data handling charges being imposed by the water companies.

Southern Water has written to Ofwat and the companies concerned, setting out 
what it considers to be a fair and reasonable charge of per metered customer 
per year, to be used by all companies both for price setting and charging purposes 
throughout AMP5.  We have therefore based our Final Business Plan on this unit 
charge throughout AMP5.

7
 

During AMP5 we estimate that a total of around 130,000 of our existing sewerage 
only customers will switch to metered water supplies.  These are in addition to our 
water customers who will switch to metered water supplies under our own metering 
programme.  The switching to metered supplies by our sewerage only customers 
will lead to Southern Water incurring higher meter reading recharges from other 
water companies during AMP5.  Southern Water also incurs additional billing, 
contact and correspondence costs, as newly-metered customers have a higher 
tendency to contact their supplier.  As in our draft business plan, these incremental 
costs are estimated at per new customer in the year of switching.

  
7

We note that for the remaining years of AMP4 our costs are on the basis of an average of per 
metered customer per year, which we have agreed to pay without prejudice to our AMP5 negotiations.  
The decrease in the unit charge at the beginning of AMP5 accounts for the decrease in costs relative to 
the base year in 2010/11.
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• Lane permits - The Traffic Management Act 2004 allows for the introduction of lane 
permit schemes by local highway authorities.  Within the Southern Water region,
Kent County Council will be introducing such a scheme in 2009.  Other councils are 
expected to follow in 2010.

On the basis of lane permit schemes being introduced throughout the region, we
estimate we will incur substantial external costs due both to the introduction of these 
charges and the projected increase in the company’s maintenance activity during 
AMP5.  In addition, there will be internal costs in managing new processes relating 
both to lane permits and fixed penalty notices under the same Act.

The additional cost estimates included in this plan reflect only the estimated external 
costs of lane permits during AMP5.  We have assumed that the corresponding 
internal costs will be absorbed within the base service operating expenditure.

• Portsmouth Water: cessation of pipeline payments - In 2003 Southern Water agreed 
to reimburse Portsmouth Water for the costs incurred in connection with a new 
pipeline to provide water under a bulk supply agreement.  These costs were spread 
over 10 equal annual instalments.  The annual amount of  million will 
continue to be charged to base service operating expenditure, with the last payment 
to be made in 2012/13. These capital payments are one of the Special Factors 
identified in Section B.2 of this Final Business Plan as affecting our relative opex 
efficiency. 

B.3.6 Other factors

In addition to those factors described above, we have identified other items which may have a 
significant impact on reported base service operating expenditure during AMP5.  These may 
arise through changes in legislation, accounting regulations or external market factors.  For 
these items the financial impact during AMP5 remains uncertain, so no adjustment can be 
made with reasonable certainty at this stage.

For example:

• We have not included within our projected operating expenditure the potential costs 
associated with a transfer of private sewers to WaSCs.  This is in accordance with 
Ofwat’s responses to the PR09 Business Plan consultation

8
;

• Under current FRS the costs of leakage management are capitalised within IRE.  If 
UK GAAP requires such costs to be expensed as incurred, the base service 
operating expenditure would need adjusting accordingly;

• The five-yearly review of rates, in particular for wastewater treatment works, is 
expected to lead to significant rate increases based on construction cost indices.  
We note that Ofwat have said they will recognise these costs in full once known; 

• The costs of introduction of further competition in particular the set up costs of the 
necessary notional and local system to allow domestic customers switching and 
structural separation of vertically integrated companies during AMP5; and

• Research carried out by EU Skills for Water UK points to significant pressure from 
the ageing workforce profile of the industry, which could lead to very significant 
increases in recruitment and training costs in AMP5 and beyond. 

  
8

‘Setting price limits for 2010-15: Business plan information requirements – responses to the 
consultation’, Ofwat, April 2008.
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In some cases we believe these are risks that are most appropriately borne by Southern 
Water and accounted for within the assumed cost of capital.  In other cases, where there is a 
particular level of uncertainty, we believe that they should be allowed for as Notified Items. 
We set out our views on Notified Items in Section B.7 of this Final Business Plan. 

B.3.7 Capital Maintenance Programme Operating Expenditure by 
Service

Water

The expenditure within the water service relates to investigations in the area of water 
resources. A co-ordinated framework of ongoing investigations will be required to support the 
company’s development of it’s’ water resources strategy during AMP5. In addition, there is 
clearly a substantial amount of work required to develop and promote schemes prior to the 
submission of Planning and Licence Applications which, in the case of planning large water 
resources schemes, will lead to Public Inquiries. This has been demonstrated by a number of 
recent schemes, such as Brighton and Hove Urban Wastewater Treatment Directive Scheme 
that has cost over  from inception to planning permission stage. 

The starting point for AMP5 water resources investigations is the statutory duty for the 
development of water resource plans which include the added process of the production of 
several versions of the plans for consultation purposes. The PR09 Final Business Plan 
scheme selection will serve as the baseline position to start from. However as further 
information becomes available during the next AMP cycle on for example:

• Water framework directive impacts;
• Further sustainability losses, 
• updates on impacts of climate change; 
• the feasibility of effluent re-use, or 
• new statutory directives imposed on the industry

It is inevitable that there will be common ground between water resources investigations and 
AMP5 National Environment Programme (NEP) investigations. However, the scope and costs 
of the studies in this report are clearly focused on water resources objectives and 
programmed to fit in with the timing of new schemes. A commentary of all the proposed NEP 
investigations is included in section B4 of this Final Business Plan. These schemes are 
included to deliver pre-defined outputs to meet the requirements as described under the 
National Environment Programme. The integration of these schemes is shown in the diagram 
below:

Projects are organised under the following main headings: 

a. Water resources Statutory plans.
b. Water resource licence variations.
c. IoW Resource investigations;
d. Effluent re-use investigation;
e. Aquifer storage and recover investigation;
f. Reactive supply pipe repairs.

The Water Resources statutory plans scheme covers the updating of all the base data 
underlying our existing plan, participation in the WRSE regional group and the derivation and 
consultation of our next Water Resource Plan. The outputs from this scheme will be an 
updated water resource management plan complete with updated base data.

In the continual search for cheap sources of water to develop in the South East of England we 
have identified some licence variations which could yield as 1 – 5 Ml/d through simple 
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modifications to existing licences, but without the need for large scale infrastructure 
developments. We plan to develop our discussions with the EA further on these potential 
licence variations during AMP5 to determine if the changes can be made through a series of 
investigations into the impact the proposed changes could make on the surrounding 
environment. The output from this scheme is a series of investigation reports and potentially a 
licence variation application.

The Isle of Wight (IOW) investigation investigates the proposed implementation of the 
Habitats Directive minimum residual flow changes on the IOW at Calbourne. 

The remaining two schemes investigate two specific types of new resource options in the 
South East of England. 

Aquifer Storage and Recovery is a system which injects freshwater into a deep confined 
aquifer. The injected water forms a bubble of freshwater under the ground which can be 
subsequently re-abstracted. This process has been successfully used in sandstone type 
aquifers around the world and it provides the potential to develop small underground 
reservoirs of fresh water which can be subsequently used to meet peak demands. This type 
of scheme can only be used in deep confined aquifers and as such there are limited places in 
the South East of England. However, if sites can be successfully found then as a storage 
option they are much cheaper to develop than conventional storage sources. We believe that 
there is a potential site in our Worthing resources zone the aim of this project is to test the 
feasibility of this site through a field investigation. The output of this study will be a detailed 
field investigation into the feasibility of ASR in the Worthing / Brighton area.

Indirect effluent reuse has been considered in several options appraisals carried out on behalf 
of SWS by Atkins where by 10 or 20 M/Ld treated effluent is piped back up into the catchment 
above a water treatment works. However, in most cases effluent quality requires improvement 
to meet freshwater environmental quality standards (EQS). Options for tertiary treatment 
include membrane bioreactors, filtration (ultra and micro), enhanced biological nutrient 
removal, reverse osmosis, etc. Limited data is available regarding the efficiency of these 
methods at removing the range of substances potential present in effluent, including nutrients, 
ammonia, BOD, metals, pesticides, endocrine disrupting chemicals and industrial chemicals. 

This investigation will serve to determine the efficiency of possible tertiary treatment 
technologies at removing key chemicals using pilot plants located at a suitable Wastewater 
Treatment Works.   

As a result of our proposed Universal metering program, we anticipate that we will identify a 
number of customer supply pipes that are leaking. Through our Customer Service Charter, 
which has been agreed with Ofwat, we offer to repair three leaks free-of-charge to the 
customer. It should be noted, however, that the identification of these leaks would have 
eventually occurred following the fitting of a meter or the existing leak developing into a burst. 
Therefore, we consider that this item is exceptional for AMP5 and we would expect the 
normal level of activity to return to current our current level of activity in AMP6. Our detailed 
assessment of the number of potential supply pipes leaking is provided in Section C4 of this 
Final Business Plan. 

Costs of investigations

The costs of each study were based on expert judgement and then cross-checked based on 
SWS framework contractor day rates, a typical mixture of staff grades from Senior Manager to 
Technicians and estimated work inputs for each project in person days. The costs were 
benchmarked against the out-turn costs of a number of recent studies.

The costs of the AMP5 work are summarised in Table B.3.5 below and amount to  in 
feasibility, field studies, design and promotional work. 
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Table B.3.5 - Total costs of AMP4 investigations and promotional work

Scheme code Scheme name Opex 
(£000)

AGAW0172_F Aquifer Storage and Recovery

AGAW0170_F Effluent Re-use feasibility

AGAW0174_F IoW resource options

AGAW0173_F Water  resource licence variations

AGAW0175_F Water Resource Statutory Planning

BGAUK0329_F Reactive Supply pipe repairs and replacement

Sewerage

The main influence on the expenditure in the first year of AMP5 is resulting from the 
investment made in later part of AMP4.

In the second year we start to see the benefits of the carbon reduction schemes that reduce 
operating costs, the installation of additional CHP units provides this benefit.     

B.3.8 Efficiency and Base Service Operating Expenditure by 
Service

Offsetting those opex cost pressures described above, we are forecasting significant further 
efficiency reductions in 2008-09. These are incorporated into our forecast opex going forward. 
Section B2 describes our approach to opex efficiency for AMP5.   

As noted in section B.3.2, Table B.3.6 below shows the base service operating expenditure 
for water and Table B.3.7 the base service operating expenditure for sewerage services.
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Table B.3.6 – Base service operating expenditure by service – water

AMP4 AMP5

Y/end Mar-08 Mar-09 Mar-10 Mar-11 Mar-12 Mar-13 Mar-14 Mar-15
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Table B.3.7 - Base service operating expenditure by service - sewerage

AMP4 AMP5

Y/end Mar-08 Mar-09 Mar-10 Mar-11 Mar-12 Mar-13 Mar-14 Mar-15
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Appendix B.3.1 (Opex) - Southern Water Debt Collection 
Initiatives

Introduction 

In this Business Plan we are forecasting that the level of bad and doubtful debts will rise 
during the latter years of AMP4 and to average 2.75% of revenues during AMP5. In 
considering our forecast it is reasonable for Ofwat to expect us to demonstrate that we have 
taken all reasonable steps to ensure that we are maximising the collection of revenues. In this 
appendix we summarise our main debt collection initiatives and processes. 

Background

Since 2007-08 we have made significant progress in improving our performance in respect of 
billing and debt collection. In 2008 we set up a separate Revenue Directorate, headed by a 
new Director of Revenue who is a member of the Executive Management Team, with clear 
responsibility for these areas, and implemented a number of initiatives including ‘Project 
Jigsaw’ and ‘Income Max’.  These efforts have been supported by investment in new systems 
including an initial implementation of SAP ISU and a more recent roll-out of an associated 
Business Application Suite (Bas).

As a result of these efforts, the company has improved its recovery of bad and doubtful debts 
during 2008/09.  We currently estimate that the level of bad and doubtful debts will have 
decreased from around 2.9% of turnover at 31 March 2008 to around 2.4% of turnover at 31 
March 2009.  We expect that such a level will be comparable with the average for the water 
and sewerage companies, bearing in mind the likely impact of the current economic 
downturn.

Going forward, debt management will be a key challenge for the water industry particularly in 
the current economic climate and under the constraints imposed by prevailing legislation.
Along with the rest of the industry we have put our views on reform of the legislation regarding 
charges liability to the Walker Review. 

We will continue to place a high priority on debt management. We understand the importance 
of offering payments options that are free, accessible and flexible, together with ensuring that 
we have efficient methods of collecting cash and recovering debt. The importance of 
providing flexible payment options is amplified by our proposed universal metering policy.

Special Assistance

For those customers that are least able to pay our charges we provide additional assistance 
in the following ways:

• Water Direct – Customers may ask us to apply on their behalf to the Department 
for Work and Pensions for payments to be made directly from certain benefits or 
credits under the Water Direct scheme.

• Trust Fund – Our Trust Fund is managed by Auriga. We provide direct funding of 
£1million per annum, and have three employees seconded to Auriga to assist with 
administration of the scheme. Customer applications for assistance are processed 
independently and objectively by Auriga, and where grants are awarded to 
customers we are then responsible for ensuring that the customer maintains their 
payment plan. Auriga also use our funding to provide support grants to local debt 
advice organisations.

• NewStart - The NewStart scheme is a money matching scheme, with historic debt 
being written off provided that customers continue to pay current charges. Typically, 
the scheme targets customers who have been unsuccessful in their application for 
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a Trust Fund grant, and customers referred by our doorstep collection agents and 
local debt advice organisations.

Targeting of recovery action

Our methods of recovering unpaid charges are tailored according to the characteristics of the 
debtor and the debt.

For non-household customers we use:

• Targeted and early outbound calling for debt.

• The deterrent of disconnection for customers in our water supply area – note that 
the inability to disconnect sewerage only customers (who represent around half of 
our customer base) constrains our non-household debt collection strategy.

• Litigation for the recovery of debt where we are unable to withdraw our services.

For household customers we use:

• Third-party socio-economic data - To assess customer ability to pay and 
determine optimum collection strategies for specific customer types.

• Litigation for home owners - With the impact of the perceived threat of a charging 
order acting as a rehabilitation tool.

• Our internal debt collection agency - To collect debt upstream and ahead of 
referral to external collection agencies; targeted mainly at customers who have a 
good payment history and are assessed as having a reasonable ability to pay.

• External debt collection agencies – Targeted mainly at those customers who are 
regarded as having a lower ability to pay.

• Doorstep Collection – Used where all other methods of collection have been 
exhausted.

New initiatives 

Given the increasingly challenging conditions under which we are operating, we are 
constantly seeking to enhance our customer payment methods and strategies for cash 
collection and debt recovery. The following is a list of initiatives that have been put in place 
recently or are currently under consideration:

• WaterSure – We are enhancing our customer literature and website in order to 
increase awareness of the WaterSure tariff amongst the segment of our customer 
base that may potentially qualify for assistance.

• Water Direct – We are developing our relationship with the Department for Work 
and Pensions, and are seeking to be more pro-active in making referrals, in order to 
increase the number of customers paying by this method.

• NewStart – We are looking at how this scheme can be effectively targeted at a 
wider customer base. We also see this scheme working very effectively when 
offered with a Social Tariff, providing customers with additional incentives to 
maintain payments under a social tariff.
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• Water efficiency advice – We are looking at the most effective ways in which to 
provide customers metered under our AMP5 metering strategy with water efficiency 
advice, in order to help them manage their water usage and control their charges.

• Enforced supply separation - For non-household customers in our water supply 
area, we have recently introduced the deterrent of enforced separation of water 
supply where immediate disconnection is not possible due to a joint supply 
arrangement or the presence of a domestic usage element.

• Credit framework - With effect from April 2009, for non-household customers we 
will implement a credit framework to limit our exposure to financial loss and provide 
regular reviews of credit worthiness. The framework will also provide for pre-
payment or deposit agreements, security bonds, and application of interest and 
administration charges for late payment. 

• Promotion of payment tools and customer support – We have recently 
embarked on a structured programme of meetings with local offices of the
Department of Work and Pensions, Citizens Advice Bureaux and other local debt 
advice organisations. This is with a view to making these organisations aware of 
the range of payment options and support mechanisms we offer to household 
customers, in order that they can inform their clients of these.




