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Introduction

Anoverview of our asset management approaet PR24

This appendix serves to outline tmellti-facetedapproach we have taken @stablishing what we fe@ an investment
programme thaprioritisesour continued ability to provide clean, higiality and reliable water supplies to our custometr
now and in the future

Werecognise the importance effectivelymaintairingour existing assetbalanced with @lear understanding of the neec
to ensure resience through dlexible and diverse asset basea constantly changing environmemte know thathis
resiliencen our operationg€nhance®ur ability to respond to unexpected events and maintain our service to our
customers. Wédavedeveloped our agproach in line witltore Asset Management principlésiilding onrecommendations
OKNRdzZZIK hTglGQa ! aaSia a lin2p28/315n8cfossseator Gotlaldratiod thloula t8e0dweS y
facilitated Operational Resilience working gralgvelopng increased focus in critical areas of our Asset Management
system. These inclugmhancing oucapabilityin monitoringour asset health and condition monitorjmgprovingour top
down and bottom up risk capture processes acdiffsrent asset classes and, critically, ensuring that we &aystem and
framework in place that allows tsquantify the wider valuef our assets and their resilienceoiar decision making.

PP

These step changésl @S | £ £ 2 6 SR dza &d&2Al SovSd KNI yQ 2AWaEaAR § NILBNRPWEO K A
dataas a robust baseline in our procelsgurn, this ha provided rigouin our ability to link our AMP8 plans with the long
term. And we set out through this appendix those links toloeng Term Delivery Strateggthwayshat have been
strengthenedwith new tools, models anembedded processe$he longterm alignment and validation ofr investment
needs andissociated solutiona this way has enabled us to identify both our base maintenance and enhancement ne
and ensures that we capture the full range of timescales over which we need to invest to provide cleprglityggnd
reliable water supplies to our customers novd amthe future And,as we set ouin this appendixywe arecognisanof the
needto plan our essential investment around long term asset resilience in context of the nedrfgenerationafairness
for our customersand have developed our plans thiis basis.

Andit is customer preference and priority engagement that has been at the forefront pfanning in establishing our
investmentproposalsWe havededicated significant resourterough AMP7 to refresh our investment optimisation
capability, with the introduction of a new enterprise solution in Copperleaftbl2dalyse a wide range of investment
2LI0A2yas FLIINI AaAy3ad GKSAN O2aia rpaforinghéaargess diNdugh das [ir@cass
we have developed a plan that will deliver the service our customers expect and paw foriticallyywe are focused in
ensuring a sustained Asset Management approach through AMPS8 that suppcigsatedihdtimely delivery

1 Over the perio®0252030we will invest £16 million net capital expenditure to maintain our assets for the long
term. This includes investment in dofrastructure andnon-infrastructure assets taleliver our stretching leakage
reductionambition,improve our storage resiliende critical supply zonegith the building of two new reservojrs
reduce risks to raw water quality; maintain our boreholes, pumping, treatment and control system assets; ar
improve operational efficierc

T And, we will inve£84million netin our infrastructure assets toehabilitate254km of mains across both of our
regions undertake mains diversiongeliverstrategicvalveandpipe bridge maintenancand improvepressures
with customercommunication pipe replacements

1 We will also invest a total of £&million net capital expenditure to enhance our asseétswill deliver a
combination of regulatory driven amgkbasedenhancements covering five key work programmes; water quali
resilience, supply side enhancements, demand side enhancements and the environment. We will continue t
to meet our regulatory requirements including thadined by our WateResource Management PIANRMP),
and the Water Industry National Envirormb@rogramme (WINERYyith notable schemeselating to a new transfer
mainat Grafham in the Cambridge region, together with a significant updifiridemand sidénvestment through
our Universal meteringenhanced leakage detectiand water efficiency programmaeale also includea number of
water qualityimprovementschemesupported by the DWis recognised nesih AMP8 includingenhanced
nitrate andmanganese treatmerih addition toour cyber security commitments through tNetwork and
Information SystemeegulationsWe have alsavorked to develop a key part of our Net Zet@tegy as investment
in renewables asites across our network. Finally addition to the significant base programme investment
supportingincreased resilience of oproduction and network assets, we include enhancement soluticmnss
both areas to ensure we apeotecting customers the long term from the impacts dfraate change and growth
driven eventghat can have catastrophic consequences toammtinuedability toprovide high quality, reliable
supplies to our customers any scenarioThese include new borehol@sains and associatedfrastructure
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dnce he Ofwat Asset Management Maturity Assessment that took pl&@&2i2022 we have made a series of
significant steps forward in our asset management maturity. These improvements have covered everything from date
guality improvements toe-designing our asset management tesimicture anddeploying new tools & technologies.

This is part of a longéerm plan to better establish good asset management practices within our organisation.
Importantly though, we prioritised maturity improvemerthat have enabled us to deliver the best possible business plar
for our customers and stakeholders. These improvements have included:

- Conducting a thorough quantification and assessment of hazards & risks consistently across our entire portfolio

- Implemenil GA2y 2F |y dzLJRFGSR @FfdzS FTNIYSg2N] SAGKAY | Lk
- Development of a new model for predicting mains bursts based on machine learning principles

- Development of a new model for determining levelpaifible storage within our supply zone

Using these new capabilities, we have developed our understanding of th@pproach and resulting outputs at
most detailed business pl&rom abottom-up eachstageas shown belowwe have had this process
perspective with a focus on the use of richer data and independently assured by & Barty and are confident
information we have about our assétsbetter that this has helped us develop a best value plan.

understand theihealth and performance&ection 1.1

below provides further detail on specific aspects of

these improvements made through AMP7 that have Optimisation of our 4
allowed us to, more than evamdersand the balance investment plan

between our asset health and our servidad our
stretchingassethealthlinkedPerformance
Commitmentssuch as minsbursts and unplanned
outages, reflect our confidence ithe capital plans we
have developethest striking that balander our

Systems thinking and
customers.

identification of need

predictive modelaind forecashgfuture scenarios Risk and Asset Modelling @

We have also taken a tajpwn approach using .

FfAIYSR GAGKAY hTgl 1Qa [/ 2YY2Yy NR 23

The process we have followed is showRiiurel,

below.Our approach has incorporated four distinct

areas of developmenfrom risk and asset modelling The remainder of thisppendix will describe the process

through to theoptimisationof a plan that best in more detail, giving clearinsight into how we

represents the needs of our customers. developed our business pldamefore concluding in
section 5with a breakdown of th costs across our base

And it is within this context thate have set oubur maintenanceand enhancement programmes.

methodology in detathroughoutthis appendix, with For the Wholesale Water price cons,ahe scope of

eachsectionalignedwith these four areas for clear these outputdncludes:

- Norinfrastructure base maintenance

- Infrastructure renewals

- Enhancement Capend Opex

- Management and General (including business systems, fleet, IT maintenance and facilities investment)



Our Asset Management
Process at PR24

Developing our Asset Management maturity

@

ArcGIS

Optimisation of our investment plan

_‘}‘!. copperleaf
Our approach has incorporated four distinct areas of development in the GARDINER
building and optimisation of a plan that we deem best value for our customers. G &THEOBALD
Our methodology is set out in detail within this appendix, with each chapter ' .
aligned with these four areas for clear understanding of the approach and Jolution appras - l‘lls
resulting outputs at each stage i

g’y aquaconsultants

water  environmen! enetgy

1200+ -

Investment needs Investment solutions o R PR .‘&3’(-‘. s,
: stems tninkin iaentijication o o
considered considered E - 4 ) %
investment need o' vy
FTLN

Investment scenarios run

500+ 60+

Workshops &

Bottom up risks captured _
stakeholder sessions Risk & Asset Modelling

Figurel ¢ our Asset Management process at PR24
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Atimeline of engagemens that helped us develop our plan

We consulted with stakeholders regularly, and throughout the planning process. These stakeholders included lots of
own people (from asset operators to asset owners and the leadership team), as well agdanBaar customers.
These engagements happened through several different channels, showmimén, below.

Tablel ¢ engagement forums used through the development of our asset management plans for PR24, their purpose
the attendees, and the frequency.

Channel Purpose Frequency

1:1 risk reviews Risks were captured and quantified with individual business owners| 2-3x per owner
Zonal study workshops Oneworkshop per supply zone to carry out a source to tap review. | 1x per supply zone
Investmentchallenge sessions Quarterly reviewof risks, needs, solutions, costs and plans Quarterly

PR24 programme boards Progress of overall PR24 programme and the asset management pl Monthly

Leadership team meetings | Updates provided monthly on the Totex plaratsubBoard Monthly

Board meetings Updates provided monthly on the Totex plan to Board Monthly

Fora fullreview of ourcustomer engagemenand how it has informed our plaplease sesection3.2.3and also the appendix
W{{/ nt [/ dzaid2YSNI Sy 3l IS Y SQuiassetimaiagementplans ywete preSeatedito/castormersimultipl
timesduring their developmemWe offered different options for our plans, which focused on different outcomes and pathwe
towards our 2050 vision. This allowed us to receive specific feedback from customers at a schewtedbweds fed back into
our planning process.

Jul 2023 — SMT review of final plan:
Workshop to review final, best value plan
with all base & enhancement needs and
solutions costed.

Enhancement Case Deep-Dives:

Jul-Sep 2023 Business owners worked with Asset Management fo
build business cases to a consistent standard across

the portfolio.

Investor and Board Presentations:
Apr-Jun 2023 Dashboards visualising the investment plan were
P produced for investor and board presentations. These

Feb 2023 - SMT validation sessions included dril-downs into individual scope items.

Further review of the proposed investment
needs and solutions following our option
development and costing process.

Optioneering & Costing Workshops:
Jan-Mar 2023 Qur entire plan was costed bottom-up by a 3™ Party.
QOur enhancements schemes and large base items
Jan2023 - SMTreviewof 1% plan: were reviewed in depth with business owners.
Off-site working day to review the first full

totex plan for the 2025-2030 period. This °

Zonal Studies:

_ We carried out a zonal study for every area in the
Oct-Dec 2022 South Staffs network. This involved stakeholders from
across the business with outputs shared with SMT.

included a line-by-line review of the plan.

Investment Need Workshops:

L On completion of the risk audits and scoring, the
Jul Sept 2022 business owners were re-engaged to review the
outcomes. An initial set of needs were produced.

Jul 2022 — SMT review of needs:
Working day with our SMT to review risks
promoted, investment needs & preferred
solutions for base and enhancement.

Business Risk Audits:
> Following the same process, risks for the rest of
Apr Jun 2022 the business were established with Operations,

Apr 2022 - SMTreviewofrisk:
Off-site review at one of our sites, Trent
Valley, using a risk dashboard that covered

all sites, consistently. Support Functions, and other asset owners.
Jan 2022 - SMT risk framework: AssetRisk Audits: _
Following the AMMA and a desire to Jan-Mar 2022 Asset Management and Central Risk Team

quantify risk across all non-infrastructure assets.

improve our approach to risk capture, the - : - -
Risks were quantified using a 6-capitals approach.

SMT endorsed a wide-scale risk review.

Figure2 ¢ a timeline of engagements that took place during the development of our asset management plans for
PR24. We engaged early and often, with a wider variety of stakeholders to develop our plans
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Table2 ¢ our AMMA recommendations, the improvements we made, and the impact this has had on our PR24
submission and AMP8 business plarhese recommendations have bed¢aken from our company summary

Ofwat AMMA recommendation How we are addissing the recommendation

#1 ¢ Developa clear framework to demonstrate
how current processes fit within an asset
management systeninclude wider consideration
of uncertainty withirplans, beyond WRMP and
water treatment interventions.

9 Our approach taleveloping the AMP8 business plan, is one that will
integrated withinour Asset Management System for AMP8 delivery.

1 The methods (tools, processes, systems, data) that we have used t(
our business plan are now key parts of our AM Sygtaman example
seeSectionl.6.1 on ourlRE modehnd how this is used in delivery)

9 Embraced the Longierm Delivery Strategy principles and added
uncertainty analysis to our planning processes and.tools

1 SeeSectionl.5 for an example of how we have done this to model zao
storageandinfrastructure resilienceequirementsto inform our plan
andsection 16.1 for uncertainty analysis within our infra deterioration
model using climate change data and Maclhiearning teenhance our
accuracy imutputs.

1 Cost uncertaintaround our plan is considered in section 3 of the
appendixmanaged through a phasegproach to building increasing
solution and cost detail in addition to benchmarkaug costed base anc
enhancemenprogrammes.

1 We also address inherent uncertainty i owestmentoptimisation
processthroughour use of scenario modelling and valuation set
sensitivity testingfor example, hrough the use of triangulated
Willingness to Pay value sets, to test the relative impact of each upc
our plan More detail is povided on this isection 4.

#2 ¢ Develop its evidence on how risk diéga
appliedin decisioamaking to ensure consistency
across different asset typdsprove quantifiation
of risk across all areas.

9 Adopted a single approach to the quantificataomd visualisatioof risk
and value throughout the decisianaking processéeSectionl.2). This
was based on aimdustry-accepted écapitals framework with our
bespokemonetary valuesets.

1 Quantified risk and value from the outset of the process (beginning \
asimplistic 5x5 assessment, growing iatil costbenefit appraisal).

9 Demonstrated use of elicited risk and modelled diatzonal master
planning workshops to embed our holistic systémmnking approach
outlined insection 21 to 2.3

9 Reported and reviewed outputs from the risk and value framework t
the senior leadership team at multipirkshops; Figure2).

#3 ¢ Enhancecapability to monitor asset health
information and trendsparticularly for assets with
high consequences of failure, to inform its
maintenance and investment planniri@nsider a
quantitative approach to consistently incorporate
the wider value of assétealth and resilience to its
decisionmaking framework.

1 Included an enhancement case to improve network monitoring so th
we can collect important data about thealth of our assst(see our
SmartWater SystenmTrialbusiness case, #ection 13of our
enhancement appendps 36 ¢ Evidencing ouenhancement
expenditure in 20252030.

9 Section 1.Joutlines our maturing asset health framework, and how
asset health is monitoreahd governed to support understanding of ri
on a sustainable and live basis.

1 Our rew and updated models for PR24 hagsessed our operatial
resilience to climate change, demand changes, abstraction reductio
and technological changes. New parameters for these mbdetsbeen
added where there is a material impact (e.g. soil moisture content in
IRE model)
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9 Developed dashboards to present risk and value outputiset board
and senior management team. These present risks scores and risk
#4.c Develop a formalised risk escalation process summaries that can be quickly analysed Seetionl.3 and 14).

that can be used consistently across the 9 Utilised our geospatial system to present avégws of the investment
organisation including escalation to boardprove plan and constituent risk informatida the board, and senior
evidence of board and senior management management teams.

engagement in planning. 1 Risk tolerances were set across the asset types and performance

commitments. Risks were promoted to the senior management tean
above this threshold.

9 Our asset management team has grown substantially since the AMI
and our people have filled previous gapaseet management capabilit

9 Our people have trained the use of new models, methods and proce
#5 ¢ Qonsider further development of its for investment planning and business case authorship.

approaches to identify and address gaps in asse
management capability and resources for its
employees.

1 We have implemented good practice asset management capabilitie:
throughout the business, not just withihe asset management team.
Our people are using the new risk and value framework to build
individualinvestment plans and business caszction 6 provides
further information onour Asset Management roadmap, buig on
maturity developed through AMRG@ further enhance our capability in

Section 6&f this appendiyprovides further detail arounddditionalreviewswe have carried out both internally and
externallyin supporting tie PR24 plan developmesnd also, importantly, in the setting of our roadmap to increasing
maturity through AMP8 and beyonthese iclude;

- supporting the Ofwat AMMA review and findings in 282 tiscussed ifmble 2above

- adedicated revieviby PA Consultingf our Asset Managemengapability early in AMP7 in early 2022

- leading Asset Management bodies such as the Institute of Asset Management and 1ISO55001

- membership ohsset managemeribcusedforumswith other water companiegegulatory bodies and
technical working group® understand synergies and best practice

Figure3 below illustrates where our specific areas of development, aligned with the AMMA assessment categories, h:
been established ioontext of our ongoing Asset Management maturity.

Asset Management — focus areas to drive maturity

AMMA — Maturity Competencies

Data |nformaftlon Risk & Resilience Litiz ot
and analytics Planning Cycle

Core systems data Centralised risk Defined process and Board/Exec Demonstrating

: maturity and
management register governance engagement e s ty
flexibility in approach

Process optimisation Resource plan

—feeds into SMART c:n:::!dd:i::s:s Co_rt:::yst::e;a;;gty (people/tools/ Evidenci.ng.::.ustomer
and O&M P P PP supply chain) priorities
Asset Health - Driving change in

Risk based network 1S055000/1 and IAM 3 g
Performance and Obs Resilience Valuation framework . /1 an methodology/
Deterioration modelling P alignment approaches
Supporting evidence Effective risk Established planning . .
for short and long reporting/ approach — Strategic Futu.fre amb_ltlon & PC/oDI dellyery and
term planning visualisation and Tactical delivery innovation reporting

Figure3 ¢ our Asset Management maturity focus areas through PR24 and beyond
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Linking our asset management approach for AMP8 with the ldagn (LTD$

For this price review, we have recognised the impaeaof linking our AMP8 plans with the lelegm. The new
requirement to submit a 2gear Longerm Delivery Strategy TDSalongside our fyear business plan for 202030
came at a good time for us as we sought to improve our asset management matanyyoMhe new approaches, tools,
and models that are discussed in this document were built to serve both. For exaeqkep dive irsection 1.6.10
show;

- howour new model fopredicting bursts spans the full horizon of the L, Bhiilingin new variables
driven by the Common Reference Scenarios (notably clithatege in this cajevhich havealetermined
our 5year infrastructure renewals expendituieked to the desired AMP8 Performance Commitment
Level (PCL)

And throughsectionl1.5 we show

- howwe set out todevelopa mode that could assess the resilience of our supply zones to climate change,
demand, operating environment, and reservoir level. The model calculatbasasupplydemand
position (hours of storage available) based on a wide range of operating scenairiaglithgonstraints,
available sources etc.) and conditions.

Thistype of modelling and analysigs created an inextricable link between our asset management plans, business plar
and the LTDS. Whilst there are areas we can still improve, we are plétstad woverage of models and dateaven
approaches to decisiamaking across all horizons.

This appendix will focus specifically on thege&r asset management plans for the period 22@30. However, we have
signposts to the LTDS throughout the docatehich will be contained in summary boxes as shown below. For more
information on how the tools, techniques and systems used to develop ow2P325p0lans were used to develop our
25year LTD® terms of operational resiliencplease refer teection 5.4of our appendix8SC02 South Staffordshire
Water ¢ long term delivery strategyp Q

LTDS summary box

Summary boxes like this will be used in this document to provide a brief overview of how our process for building2®@0202
links with the LT®. In many cases, the same tools, techniques, systems, models and approaches have been used, just wi
different time horizon being selected. As a result we are confident that we have a strong link between our asset mankgesn
and our LTDS. We haaglan in place to continue improving our maturity and ability to bridge the short antelongMore
information on this can be found in Sect®of this document, our asset management continuous improvement roadmap.
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1. Risk andasset modelling

Optimisation of our
investment plan

Solution appraisal and
costing

Systems thinking and
identification of need
RiSk and o MOde"ing @ m

As part of our normal planning processesoastinually monitor andnanage risks across our asset portfaig.an

example of this, uking AMP7we implemented a upgradedrersion of IBM Maximaorks asset management system
andtook the opportunity tadevelop an application within the system to capture and managd-tigther, we developed

an asset capture application and associated process for contractors and delivery teams to utilise in ensuringr@ccurate
receivean accurate update to our asset register upon completionpobject. And we worked to creata refined asset
hierarchyanda 3 S0 Wof dzSLINAY G ZQ 62N Ay 3 & Aréfriésh audzasdetrdgiBidr av@dixima y
to reflect those critical assets we know that we need to prioritise in terms of asset health and performance monitoring

Risk Review

Following our review of our existing asset management capabilitya{see?in our introduction and alsgection 6.for
details on ouasset management system review outpuasigl tosupport our PR24 processge undertook a oneff
activity to refresh our entire risk databagehis incorporatedvery asset clasto ensure a thorough and tip-date view
of the potential investment required to achiever@®30 and 2050 outcomes.

The &set classes covered during our risk review were:

- Surface Water Reservoirs (Blithfield & Chelmarsh)

- Raw Water Transfer Mains

- Water Treatment Works (Seedy Mill & Hampton Loade)
- Groundwater Source Stations

- Service Reservoirs

- Trunk Maingincluding interconectors)

- Distribution Mains

- Wider Network Assetslgw meters, consumption meterstrategic valves, control valvet.)
- Facillities

- Fleet

- Business Systems

- Operational Technology

- Physical Security

- Cyber Security
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All risks were captured ampiantified against a consistent framework, referred to asSmCapitaldskand \alue
FrameworkSeeSectionl.2 for more informationWhere possible, we tried to use data and misdo identify these
risks.For areas of expected higher r{blypothesised based on current performance in AMP7, and future outcowees)
even developed new modelshe methods and models we used as part of our PR24 risk refresh included:

Expert Review

V All Asset Classes

Our peoplanteract with ourassetsvery dayand are well trained iidentifying failures and spottirgptentialfuture

risks. They capture conditiamd performancelata, promote investmenthrough our project lifecycleand see new

assets through installation to operatidexpert review and elicitation of risk is an important part of the process we have
undertaken, especially in areas where we do not yet hayfrequality data to use in aadel. Therefore, all asset classes
covered in the scope of this review had some form of expert input by our asset owners. This was either in theaform of
elicitation workshop to capture risks, or as a risk review following the completion of a dateswealgtodelling activity.
More information can be found sections 1.3 and 1.4.

Hazard Reviews

Surface Water Reservoirs (Blithfield & Chelmarsh)
Raw Water Transfer Mains

WaterTreatment Works (Seedy Mill & Hampton Loade)
Groundwater Source Stations

Service Reservoirs

<< <<K<KKL

In January 2022, we established a Central Review Team (CRT) to complete hazard reviews at all ourdResdaaction
reservoirs. This was a highly structuredvétgtithat captured hazardmd quantified the riskf theseagainst our Risk &
Value Framework he output was a holist8et of hazards, and a risk assessnfi@neéach that was scorezh a 5x5
matrix(i.e. each hazard had a risk score that ranged from 1 t@25pix Capitalsgkand \alueframework allowed us to
compare outputs across all the asset classes in scope of this resvisrell as withhe other assets that had a similar risk
assessmentompleted.This process also later supportedmughe promotion of risks and identification of potential
schemesMore information can be found Bection 1.4.

Supply zoneesilience model

V Water Treatment Works (Seedy Mill & Hampton Loade)
V Groundwater Source Stations

V Service Reservoirs

V' Trunk Mains (including interconnectors)

For PR24 and future planning activities, we createsiience model for every one of our Water glyZones. Thse

models assess tHevel of emergency water storage we have in each zone badealidy demand profilegrowth in

the zone and operating levels of the reserydiiven by condition and designjthin the zone. Walso modelled

different operational scenarios where certain assets (groundwater sites, valves) were taken out of the system. This he
us to identify single points of failyras well as sensitivity of the supply zone to different inpigmg this model in
combination with our hazard review outpussd overlaying with our policy development for emergency storage (see
section 1.5igure 13) allowed us to take a truly wholeystemapproach to this risk review as we were able to link the two
together.More informationon this approach and how it informed our core AMP8 and longer term pathway for our LTD:
planning.can be found irSectionl.5.
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LTDS summary bgxesilience modelling for 2050 outcomes

In developing our new models for supply zone resilience and infrastructure deterioration (see next sectiang carefully
considered the requirement to plan for 2030 (AMP8) 2060 (beyond AMP8). Both models have been created to cater for b
and embed longerm planning into outools.

The supply zone resilience mod#bws us to vargll inputs to 208. This includes changing demand assumptiofactor in
growth, adjusting hourly demand profilesrigflect the changingehaviours in a warmeldimate, andhe year in which the
analysis is taking place (every year from present day to Zll%3e are lagned with the Ofwat Common Reference Scenafiois.
model has been central to identifying resilience investment requirements for-AMIP& 2anddeveloping our LTDS in this area
This idike our new infrastructure deterioration modethere we have testd a range of parameters that align with the Ofwat
scenario for Climate Change. Allowing us to predict when, and under what circumstances, we would need to go beyond tl
renewal rate of 0.4% per annum to achieve our 2050 ambition.

Infrastructure deterioration model
V Distribution Mains

Our infrasructure deterioration model is a wedktablished method for identifying the curreanid futurerisk profile of

our small diameter distribution mairiSor thepastthree pricereviews,it has been based aalinear regression nuel,
assuminghat age, condition and pipe material are the printdsk driversOn review of this model compared to past
performanceandafter seeking advice from independerit Barties, we have rebitiithis model for PR24 using a different
method. Deterioration of our distribution mairme sensitive to more parameters than the industry has accounted for in
their linear modelsThese additional parameters include weather, ground moisseiecompogion, and others. A more
complex model is required to account for these parameters as well as the traditional age, condition andameseTial
accommodate a wider range of inputs, and make use of more advanced analytical methods, we have developed a ne
infrastructure deterioration model that used machine learning to predict futureFskP?R24ve completed model runs
using both the old and new models, which has given us a thorough understanding of the risk are @ardistribution
mains.More information can be found igection 1.6.1

Noninfrastructure deterioration model

V Water Treatment Works (Seedy Mill & Hampton Loade)
V Groundwater Source Stations

Our noninfrastructure modeprojectsthe refurbishment and replacement cyfer our Production assets (Water
Treatment Works and Source Statiofi$)e projection runs to 2050 and allows us to identifymemiods where therare
potentially lumpy expenditure reiyements so that we can plan accordingBach asset class has an associated
deteriorationcurve based oa range of input parameters specific to the asEbe modeturrently includes Capex costs
only and applies fix-on-fail strategy to all assetSor our PR24 plans, we haefreshed the dataset withithe existing
model and undertaken an activity to review the outputs against the hazard reviews completed for each site. More
information can be found igection1.63.

1.1 Maturity in our asset health framework

Wewere clear at the outset of AMP7 thataddition to refeshing our risk database as outlined abewewanted to
drive improvements in our asset health framewaslkwe understashthat the measurement and ongoing monitoring of
asset healths a vitally important factor in providing resilient services, both now and in the fllereeference in our
Strategic Asset Management P(&AMP# definition of asset health as

W] 2 6 hyskdbasdsls that we operate perform and will perform in the future to ensure tha
we deliver a reliable and safe supply of drinking water to our custamers
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We are clear in that asset health is a much richer conceptsihguyasset condition in that heeds to consider not only

the physical state of the asset, but also the performance, role and importance of the asset in ensuring that service
performance targets and customer expectations can be @wtmeasures and indicators support us in focusing
operational decision making on the total expenditure solutions that are in the best interest of our customers. We folloy
utility industry good practice as outlined in the United Kingdom Water Industry Refdi/IR) research paper

G{ SNDAOSIoAfAle aStiK2R2t23AS4a¢ (GKFGX 2NRAIAAY!I faidée RSO
distribution companies.

Ourframework methodology was developed based on a set of principles, tools and pracpicegde a selissessment
approach to asset health indicators across the asset base. This allows us to integrate our planning objectives as part
investment planning with the indicators we use for operational performance, monitoring and companycassuran

And it is with this focus that we sought to fully understand where potential risks and opportunities lay in context of out
existing maturity within our frameworWe have establishedapabilityin;

- Consistentlysed service measure framewod@osgecent AMP periods, linked to investment
optimisationsystemsand decision makingnd used talemonstrate that we understand how our
capability to deliver service is changing over time and with its impact on ¢tbstlasiness

- Our e ofrisk analysis based @ervice or value frameworks assess whether service risk is consistent
with planned levels forecast aur business plan

- Ourasset health indicatofseingused as supporting indicators to provide early warning of emerging
problems. Foexample CRI is our key measure of service in relation to water quality but is affected by the
performance of a range of different assets

- The use of asset health data in ogwnal decisiomaking

- Our dgrong links between asset health arasilience As part of addressing future strategic challenges we
had developed a resilience leas PR190 enable us to understand and quantify parameters that impact
our resilience. Thehs includes measures for asset health. The lens enable us to measure maturity and
target areas where we/our customers consider an improvement is reqadappendixsSCO05
Integrated resilience frameworkprovides further detail on how this has beerdated at PR24.

And we used the findings ofdeedicated review by PA Consulting of our Asset Management capability early in AMP7, w
a specific focus on our processes around investment degisiing.These ihdings summarised irigure 4below,
highlicdhted a number of opportunitie®r us to build on our existing asset health framewibrkughout AMP7andwere
utilised in our PR24 planning procassluding;

- Greater emphasis on holistiormland system wideeviews in context of asset healthe study identifies
the root cause of different aspects of poor performantee outputs are evidential, auditable and
gualitative, allowing for a targeted investment approach, providing the greatest benefit at the lowest cos
driving value for money f@ur customersSee ousignificant step change in investment need
identification at PR24 that incorporates zonal thinkingeition 2.1

- pursuing innovative techniquesoundinformation and dataround asset healtbuch as smart systems,
sensorsaandanalytics. Wesignpost here to our Smart Water system trial in our enhancement case
appendix'8SC36 Evidencing our enhancement expenditure in 2D250Q section5.3.

- In thecase of complex neimfrastructure assets, better understanding of asset lifecycle and maintenance
impacts could enable more efficient asset operat®eesection1.6.3 for advances we have made in this
area.
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ASSESSMENT & REPORTING OF RISK

RISKS OPPORTUNITIES
« Reduced transparency of investment allocation to « To align with common frameworks emerging from
business units and programme industry and Copperleaf H20
» Lower traceability from company ambition through « Reset the company ambition to align with a common
to an investment plan (benefits) set of long-term outcomes

Difficulty mapping constraints to risk & value
measures if there are multiple sources

ANALYSIS OF LONG TERM ASSET HEALTH

RISKS OPPORTUNITIES
« Loss of knowledge on how the models work (single « Copperleaf H20 may provide an ongoing platform
points of failure) to manage models
« Unaligned with any changes in regulatory guidance « Sector learnings on non-infra modelling and
around Asset Health systems modelling to be used
« Benefits of data improvement activities are not « Align models with a clear requirement to forecast
realised in the insights produced long-term performance outcomes

Figure4 ¢ an example of risk and asséealth SWOT analysidentified through PA Consulting investment planning
review in 2021(full outputs insection 6.1

We provide a summary bela other areas of development related to ensuring our picture of asset health remains
current, relevant and sustainabie linking through to best value investment and planning for long tesifience.

- Introduction of a new, consistent value framewaspart of the implementation of Copperleaf H&@th a richer set of
service measures used to appraise investment benefit

- Copperleaf scenario planning alspsorts reporting on asset performee,including risk, levels of service, value
achievement, and financial outcomes. Tracks changes to the investment plans, risks, and benefits including audi reg
see section 4 for further detail

- Improvements to our asset data captdoactionality, through upgrades to our Maximo system
- Innovative mains condition data captueshniques; seesection 5.1.2.1 for further detail

- Enhanced visualisation capabititybetter present asset health and risk data to key stakehqlfiersxample
through our Power Rlashboarding and its interface with Copperleaf H20 inputs and outputs
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1.2 Our value framework

For PR24ve developed and implemented a neiskand valudramework that covered the breadth of tisexCapitals.
This is fast becoming an industecognised approach to assessing risk and yvalaieh we will continue to improve
upon throughout AMP8. All stages of our business planning progesdeen alignetb this framework, allowing us to
comparethe relative benefits of risks, needs, schemes, and projeteverview of the measures in our framework is
shown inFigure5s.

PCs Alignment to the
6 Capitals as Value Models

SOCIAL CAPITAL

Priority Service for Vulnerable Customers

SIX CAPITALS

Employee Experience Benefit

C-MeX Customer Experience

D-MeX Customer Experience

WAL CRIMIEAL MANUFACTURED CAPITAL

Employee & Contractor Safety
Water Supply Interruptions*®

/ Mains Repair*

Unplanned Outage*®
HUMAN CAPITAL

Water Quality Compliance

Risk of Severe Restrictions in a Drought

Public Perception Benefit

FINANCIAL CAPITAL

Environmental Benefit

- e
R FINANCIAL CAPITAL
Operational Carbon

Compliance Penalties

Investment Cost (Capex/Opex/Totex) Embodied Carbon

Water Quality Compliance NATURAL CAPITAL Water Leakage*®
Priority Service for Vulnerable Customers Per Capita Consumption
Cumulative Spend Per AMP Period Low Pressure®

Biodiversity

Pollution

Improved Plan Execution
Flooding

Figure5 ¢ our Risk & Value Framework for PR24 and beypatigned with theSixQ- LJA G € & | YR hTg 1 G

Utilising this framework has allowed us to judtiky value each investment would offer us, and our stakeholdies.
outputs were used to inform customer engagement sessions and describe the choicas theneade within the
portfolio, particularly outside of the statutory planning framewoflextion 3.2.3.provides a deep dive into the
development of the framework.

Therek NB &2YS AYLENIFyd GKAy3a 68 6Lyid e2dz 2 1y26 o2

1 Risk Quantificatiorg from the outset of the processje applied tle framework toall risks that were identified.
This totalled more than 500 risks (for comparison, our preferred plan for AdH8ss than 100 riskg)gainst
the measures shown iRigureb, risks were scored on likelihood and consequeagagnst a traditional 5x5 set of
risk categoriesAn example athese can bseen inSectionl.3,

T Option Assessment (MuliCriteria Analysig; MCA)¢ once risks that félvithin our risk tolerance were removed
(to be review and monitored on an ongolmasishrough AMP® and the remaining risks were developed into
full schemes with a long list of optigsmulticriteria analysis took plader each optionimportantly, we set
and defined our risk tolerance thredtls utilisingassefcriticality, our asset health framework outpuisee
section 1.1, known asset failure consequence and regulatory obligafidns MCA usesimilarSixCapital

10
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categories to assess edonglist option for the promoted schemeQutputs from this were used to filter the
longlist into a shorlist. Seesection3.2.1for further detail on this approadnd how costing waapplied to both
long and shortlisted options through our two stage costing process with Aqua consulting arsilipgtiers

Value Appraisa(CostBenefit AssessmetCBAY, for promoted schemes, with a shdigt of options following
our MCA, a full CBA was undertaken. This CBA uses the same set of measures as showi) with each
measure(value modelhaving a defined set of questionnaires for the user to complssetManagement
remainedasindependent in this process possible, suppang investment ownersind ensuing consistency in
assessment of value across the portfolio. Further information can be fio&@edion 4 aroundour cost benefit
approach along witha deep dive into our related investment optimisation process.

Variablesg once schemes and options have completed questionnaires, the risk is monetised by multigying by
financialvariable For PR24ve have multiple sets of financial variables dependent on the portfolio scenario we
wish to testOne set of financial variables covers our private costs associated with each measure (for example
burst costs u€1,570to fix). Another set cover our customer Willingness to Pay (WtP), ceflcting without

the useof anyweighting, thevaluecustomersplace on the measuregithin each value modeicross the Six
Capitals The final set of financial variables we usediatdadessocietal valueSection3.2.3.3details these value
sets along with thaliscountratesappliedrelative to these costi® our Copperleaf H20 system.

Financial Modek, after costs are added to the optiofee each schemeye canreport the financiabutputs for

the schemes, and the portfolio. This includes reporting metrics such as the Net Present Value (NPV) and Ben
Cost Ratio (BCRYVe carry out all our CBAs over ayé4@r time horizon, including+iavestment cycles, changes

in Opex and appropriate discount factors in line wittiustry guidance such as the HM Treasury Green Book.
Guidance from this book was alsged inthe development of our longlist approach, the structuring of our
enhancement business cas®asl in applying

Optimisation¢ as the above four bullet points were complethd wholeshortlist of options and schemes, the
optimisation process we folved allowed us to testustomer preferences against different versions ofAMP8
planand report the outputs back to them. We were able to demonstrate the value and payback of their choice:
between keymeasures (such as maintaining burst performanémpsoving the environ@nt). The optimisation
process helped us identify our best value plan, as well as our preferred plan for tH20202%eriod.

Visualisation and DecisieiMaking ¢ whilst we have made significant steps forward in using data and
information to build our business plam element ofinteraction between the results frothis quantitative
assessmenrdand our people, remains essentidke of a consistent risk and value framework has enabled us to
present choices in a consistent manfBroexample dashboasire shown iri-igure6 that were used with our
people.

11
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Source Stations Risk Summary Report Region Filter: Sum of Score by Risk Hazard

Al “ Lack of raw water Power supply Outsourcing Peeling p... | Fall fro.
Count of Medium Risks Count of High Risks

WTW failing to meet d...
731 245
No spares/obsolete equip...
High and Medium Risks by Pumping Station @i by e
Litter/clutter/unt...
@ Medium Risk Sum @High Risk Sum

600 Unavailability of treatm...
400

I“I 1]

0 I

Breaching a discharge cons... Chemicals/COSH...
E—— ﬂﬁiﬂl.

Excessive labour
Stagnant Water
Intruder/... -
[
|

|
Lowerfield [N

Hagley [N
westiey [INNNNNIN
Melbourn -
Churehill [N
cinver NN
rivey [N
Fowlmere -
Fulbourne -
Sawston Vil [N

Pipenill [N

TIFEPELREL LD, RNy
$E3SRises8395¢ 1%%¢
ESEST 2T E LS £ 5 3 458 2% Site Score Risk Hazard Observation
&<~ BT d g3 5 53 ES 4
o= = e = Ao To Chileote 25.00 Failure of storage asset Old Contact Tank in poor condition, roof |
(near overhead HV cables), last report hig
had to come out of supply site would sto|
High and Medium Risk by Major Treatment Works Tank is on a rolling programme for inspec
@ High Risk ® Medium Risk Fradley 25.00 WTW failing to meet design  Thickeners in very poor condition and wil
flows
g 121 Hampton Loade TW 25.00 Chemical Delivery lines OSEC - 12 x single skinned dosing lines w
2 100 89 Hampton Loade TW 25.00 Excessive energy use High lift pumps (9No.), Sample pumps (6!
% 45 Sample pumps (2No.), Flood Pumps (4No
x 26 - Instruments, actuators, Station checks, HL
£ o]
Hampton Loade TW Seedy Mill TW Hampton Loade TW 25.00 Fall from Height Contact Tank basement, Filter Gallery, Filt
Treatment Works

Figure6 ¢ exampleof dashboardng used to present outputs from our Risk & Value framework for our people to
review

1.3 Expert review

To develop our risk portfolio and subsequent base and enhancement plans, we @irstitegndividual risk elicitation
sessions with the asset owners acrogslwusinessWe are proud of the experience our people have gained over multiple
decades managing and running the astieds deliver drinking water to our customers. These risk elicitation sessions
were highly structured around o&ix Capitalsskandvalue Frameworkdiscussed igection 12. An example agenda for
the initial risk elicitation sessions is giweRigure?, below

All assets were covered in these intt@aliew sessions and the key purpose was to ensure our people were involved fror
the outset in the development of our business plan. We were also able to use these sessions to brief asset owners ol
framework we were subsequently using to assess riskand, and optimise our PR24 business plan. Following the
initial kickoff sessions, the asset owners took an action away to review risk registers and current asset performance t
identify the risks for the period 202930. In several parts of our busssethis involved the use of deterioration models
and statistical analysis. All risks were captured in a common template with applicable value models scored by the as:
owner, then reviewed by Asset Management.

12
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- Scope of assets RISK ELICITATION WORKSHOP
04 Business Systems

- Ambition 24 March 2022
14:00 — 16:00

- Investment themesfareas

MINUTES OF MEETING AND ACTIONS ARISING
- Risk Gptl..lrE tH'TIFIIHtE Notes Action Action by

1. Business Systems Scope of Assets SW and AW to Mid-April
- LDI'E—'IEITTI requ rements hE"‘Jrld AMPR SW responsible for transformation and change traditionally in review current

wholesale with an emerging requirement to also manage applications applications and
that support the consumer journey. General move towards SaaS/PaaS  associated risks
. . products with newer implementations all under these types of contract.  before next
= ApplﬂhlE perfurmance commitments Signficant overlap between SW scope and Anna Wakemans — a joint session.
ion is ded beth SW and Awto work through all existing
applications and determine AMPS investment requirements.

. Likely AMPS Investment Themes SW to consider  Mid-April
Several applications, including the SSW website, are outdated and materiality and
unable to cope with large amounts of traffic, with a potential breakdown  breakdown of
in servers supporting these applications. Some invest t may be the AMPS
required in AMPT7 to address this. investment

themes shown
Potential areas of AMP8 expenditure that SW will investigate are: opposite for
+ Website — on-prem, can’t handle growing traffic volumes, review at next
important source of information foy SSW customer session.
demographic — highly likely an AMPS candidate.
GIS & Maximo — current frameworks for hosting by Group IT
not sustainable and needs transitioning to a SaaS/PaaS
offering with the full support packages.

and value models

Figure7 ¢ the agenda we followeddr our very first risk elicitation workshops that kicked off oydlanningprocess

We chose a 5x5 risk matrix approach for the initial elicitation as it allowed us to gain a rapid understanding of the like
size and shape of our business giakportfolio. It is also a risk methodology still familiar to the sector, and one which
can be aligned to our latest approdan monetising riskThe Asset Management team governed the process, ensuring
consistent assumptions were applied and the scoring critexia fellowed correctlyEach value model within oix

Capitals risk and valfiamework Figure5) was assigned a criteria for each $core. The calculation used was as

follows:

10 vl vl B B-"vasoutituwk - vmsom
Where:

Probability of Failurs expressed as a number and based on observed and/or predicted failures
Likelihood of Consequenisea 15 score assessing the likelihood an asset failure leads to an event with a conseq
Scale of Consequenee 15 score assessing the magnitude of the impact form the event

An example risk scoring output from these yastpert elicitation sessions is showirigure8. The® wereessential in
allowing us to begin talign our risk scoring in context of tB&xCapitalsralue framework; shown in the red box on
figure & Further, they applied logic around whether the risk in questias a short or longer term requirement, and in
this way became an initial source dbimation to support the build of our LTDS core and adaptive pathway thinking.
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South Staffs Water

PR24 risk elicitation - Boreholes
(SST)

Frequency of Failure
(observed or predicted number of failures)

wQ Compliance

Financial Capital | Cost of Failure

Financial, Legal and Reputational Risk

Supply Interruptions
Manufactured
Capital

Mains Repair

Figure8 ¢ an example risk output fromour initial expert risk elicitation sessionThis was completed for all assets.

Risk ID NINF-BOR-001
Title Ashwood 1
Notes: Nitrate and chlorthal. Current mitigation by blending. Turbidity. Pipe inflow
T needs checking.
escription . X . .
P Site configuration: duty/standby with Ashwood 1,2,3,4
Importance: Highly important to supply system, outages would result. Survey required.
Risk Capture Score Evidence
2025 (now) 1.000 Borehole reported to be in bad conditicin in all areas including, WQ, Structural
Quality, Headworks, Pipe Inflow, Cleaning and Catchment Risks. however
2035 (future) performance is currently acceptable (3) with no signficant issues yet obhserved.

We have therefore assumed frequency of failure is 1 in 2025.

Taken middle grading of performance due to Nitrate and Chlorthal WQ issues.
Mitigations in place by blending. Likelihood of failure middle grading as 25 years
since last survey.

Taken worst grading of performance (across WQ and supply and structural
quality) and assumed this is the likelihood some additional
monitoring/intervention may be required as 25 years since last survey. Reflects

-
wI WIIMl

T likelihood we may need to incur additonal cost at the borehole.

L

(5

L Identified the configuration of the boreholes on the site to infer a likelihood of
observing a supply interruption. A duty/standby with both unable to meet

c licensed output gives a grading of a 4. Pipe Inflow issues and high DYAA

L

(5

We were able to collate all risks into a single dashboard for initial validation with our leadershipue&ower Bl
dashboard visualisation was a critical part ofahility to provide sense checésevery stage of our plan build

Count of Risks

251

Risk breakown by Value Model
Value Models:
Finangial, Legal & Re...

CMEX
Cost of Failure
DMEX
Employee Experience
Leakage
@Low Pressure
Mains Repair
Operational Carbon
pcc
@ Pollution
Property Flooding
@Public Perception
Safety Risk
@ Severe restriction in ...
@ Unplanned Outage
@ Water Supply Interru...
®WQ Acceptability

@®waCompliance

Workstream

Max of FAILURE FREQUENCY 2025

Risk Count by Workstream Risk Count by Region

Risk level = High ®@Low @ Medium Risk level * High @Low ® Medium

SST Networks 73 169
WQ Networks Acceptability 28
CAM Networks 26
CAM Boreholes 23
WQ Networks CRI 20
SST Production North 13
55T Surface Water Res  [EEM 13
CAM Production [EEH 11

Count of RISK ID

Region

Weighted Risk Matrix

Hampton Loade

Seedy Mill WTW Blithfield - deterioration of crest parapet and road surface

6" AC feed into Tutbury

Opus SCADA at SMTW
(]

@ Little Hay
Opus SCADA at HLTW
CrumpWood PS
Chilcote WTW PipeHill
ArcGlStenhaficement and resilience

Churchill.pS RtvoodlEs

Fradley

EusTON 18" Steelfiom Oyergeal Reservoir 5
. Power Supply t@West Brom Booster Site
.tc: St IvesjRésefvoir
& O

soarg R pepswigd 2 el s3-Pee an die wirme e
10 20 30

°
o

Max of Weighted Sum of Risk

Figure9 ¢ our initial risk dashboard documenting all risks raised by the business for the period ZIZED.
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More than everwith this facilitywe were able to present data to allow effective discussion, analysis and review at key
milestone stage&seetable 1 and figure Zn page 1 for these touchpoints)yd to all different stakeholders acrdbe
business. Aissuppored substaniation from the wider business as regarid&, need and solution identification, as well
aschecks on value/benefit assumptions made and estimated dostiswe ensured this layer of justification and
corroboration from stakeholdergas a recurring theme throughur zonal master planning outputsgaction 2 our

solution and costing phasesdection 3and finally, our investment optimisation scenario modellirggation4.

Reaching this level of risk review early into our businesgipaprocess for 2028030 allowedus to rapidly identify
what investment would likely be required to achieve our ambition for AMP8 and bdyusdvas a substantial
improvement in our Asset management capability that addressed one obaranyspecifc AMMA findings. However,
we recognised that we needed to do substantially more to justify, evidence and prove the risks and supporting
information. The subsequent parts in this section detail how we did this.

1.4 Site-specific hazard reviews

To develop and fae the risks for our neimfrastructure assets, we mobilised a Central Risk Team (CRT) to carry out
Hazard Reviews (HazRev) at all slthe.RT appointed a lead risk assessor for each region was responsible for
completing a HazRev at all our abgveund, nonrinfrastructure sites.

The HazRevs were comprehensive and inclade@nt Regulation 28nd Drinking Water SafetyaRs(DWSPand an
assessment of risk against several categories rangingabstraction to health & safety, apdwer supplyA current,

and future risk score was assigned as well as a residual risk score which account for current mitigations that are in pl
Foreach risk item in the HazRev, a potentiglgation was identified. This mitigation could have been a capital
maintenancescheme, operational intervention apgade. In alignment witbur Six Capitals risk and vafuemework,
scores were assigned orbgS matrix, allowing us to update risk scaregur central risk repositonA snapshot of the
summary page from one HazRev casden inFigurelO.

Site:
Date: 01/06/2022
Future
Risk Risk Hazard Observation Score Risk Future controls
- - - -T| Seor-T -
5 No spares/obsolete equipment (Reactive rather Single BH pump setup with a spare BH dedicated pump (unknown 12 15 1) Create a new spares stock system to manage spares (2)
than proactive maintenance) operability), no spare drive Establish practice for storing spare BH pumps and operability
IWS {Pumps) - Mitsubishi (V3D) - H5B (Reserve Vessel), Ground
% S Control (Grounds maint.) Station checks. Planned Maint/Cal, = e (1) Consider brining forward next PPT (2) Consider the purchase of
training, Reactive Maint. Business watch (intruder alarm), HACH a spare drive
{Turbidity Monitors),
Telemetry Alarm -PLC controlled - Pump cut outs (deepest
advisable pumping water level), Station Checks - BH pump has VSD {1) Consider brining forward next PPT (2) Control room to improve
9 Over Abstraction Abstraction flow meter at wrong end [Hinxton), Water Resources 16 16 pump planning {3) OT to enable smart alarms to highlight risk over
menitor, EA abstraction audits. Due to licence conditions with abstraction / assist Water Resources

peak being 4 times average there is significant risk of over
Very poor cutside lighting, some uneven paths, uneven grounds
45 Slips/Trips/Falls (rabbit holes), trackway in poor condition, pathways can be icy in 16 16
the winter, grass can get long [if not kept on top of)

Mo history of intruders at site. Buildings covered by alarm. NO CCTV
at site, gate locked. No SR door and chamber is SR
Abstraction through onsite BH (single BH, single pump) Headworks
74 Lack of raw water for the BH in chamber. Have a spare dedicated BH pump (unknown 12 12
condition), There is a BH chamber sump pump

(1) Upgrade site lighting with LED and timer outside switch (2}
Install a GRIT bin at site (3) Improve trackway

72 Intruder/Vandalism/Theft 12 16 (1) Replace door to SR door (2] Install a external CCTV at site

(1) Consider headworks improvement for BH (2) Establish practice
for storing spare BH pumps and operability

Loss of comms Telemetry alarm + Warning notice UKPN - suffers
81 Power supply higher levels of brown/black outs inline with Duxford/Sawston 16 16 (1) Site wide UPS (2) Install a plug in point for a generator
areas

Figurel0¢ the process our CRT followed to complete a HazRev at allinfnastructure sites. A full speadsheet can
be foundin Annex7.1.1to this appendix

Once all HazRevs had been completed, the risk portfolio and scores previouslingection 1.3 were updated. New
value models and applicable Performance Commitments were addefiequdncies were updatednother session
was then held with our senior leadership team to present the latest view of risk. A gfsstifioard was created
summarising the CRTs HazRev outputs, shoigimell.
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Most frequent hazards identified across

Topranked risks for each non- all HazRevs that were completed
infrastructure site. Medium and High shown in a Tree diagram

categories assigned based on 5x5 score.

\

Source Stations Risk Summary Report \ Region Filter. Sum of Score by R'Sk Hazard

All v Peeling p_. | Fall fro—
Count of Medium Risks Count of High Risks
wTw hlllvg ftomestd...

731 245

High and Medium Risks by Pumping Station

Medium Risk Sum @ High Risk Sum

-
M n_ 'I- T
] ..

Site Score  Risk Hazard Observation

Chilcote 2500 Failure of storage asset Old Contact Tank in poor condition, roof
{near overhead HV cables), last report hig
had to come out of supply site would sto;

High and Medium Risk by Major Treatment Works Tank is on a rolling programme for inspec

@ High Risk ®Medium Risk Fradley 25.00 WTW failing to meet design  Thickeners in very poor condition and wil
flows

Hampton Loade TW 2500 Chemical Delivery lines OSEC - 12 x single skinned dosing lines w

89 Hampton Loade TW 2500 Excessive energy use High lift pumps (9No.), Sample pumps (61

Sample pumps (2Mo.), Flood Pumps (4Nc
Instruments, actuators, Station checks, HL

High Risk and Med

Hampton |oode TW Hampton Loade TW 2500 Fall from Height Contact Tank basement, Filter Gallery, Filt

Suction Wells

Treatment Works

Brief summary of the hazards at sites that /
are selectedin the dashboard, with
associatedrisk score.

Figurell ¢ dashboard summary of the HazRev outputs, used with the leadership team early in the planning process.

1.4.1 Summary of our initial risk dataefreshfor PR24

Assimilating the refreshed risk data through the processes outlined through this section allowed us to establish a
comprehensive and validated sethafseline risksscored against our commoalue framework, and in terntf timing
requirement This bottom up approach allowed us to accurately assessitar position in terms of base maintenance
requirements, provide early insights into delivery requirements and secure ownership of the plan by the busisess.
allowed us to reviewlifferent risk capture methodologies existing in some areas of the business and ensure that where
level of maturity was evident, that we were able to accurately capture and collate the outputs into our common
frameworkto ensure consistency and relevancy

Importantly, in addition to the operational risk captuneealsosought tounderstand risks developélrough atop
downlens categorised into company ambition and aspiratidaajets The former were centred around specific areas of
focussuch as our resilience ambitiupported by our Resilience Framewarkiassociated Resilience Leleveloped

at PR19)together withoptimum future operations scenario planning, and Smart network centred aciatypverlaid

this with aspirational vigsaround carbon, leakage, the environment, digital enederingg driven by growth related

risks occurring over a longer future. Again, this served to reinborciaitial views on the shape of our LTDS patkway
and allowed us tbegin analysis of rislkesross multiple price reviews irtallaborative and traceable fashidrigure 2,
below, provides a summary of this approach.

Critically the outputsfrom our risk reviews fed through intar holistic zonal master planning process discussed in
section 2 along with modelled outpufsom our new supplgone resilience modetéction 1.5 andfrom ourupgraded
infrastructure and nofinfrastructure modelling capability, coveredsaction 1.6
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COMPANY AMBITION Specific areas of focus for
the company

Workplace Note: Ofwat’s cross-
cutting AMMA finding
around board

Communities 3 et
Resilience visualisation of nsk
lim, R n - »

longer period (future)

Aroo Digital Common risk | Zonal and global risk
framework review (adaptive &

(outcomes) systems thinking)

Note: the LTDS requires
analysis of these risks
across multiple price
reviews (traceability)

Figurel2 ¢ summary ofour risk database refresh exercise, feeding irgar zonal master planning process gection 2

1.5 Supplyzone resiliencemodel

For PR24, wimoked across ougxisting maturity ithe understanding obur short and longer term opational

resilience basing the review upon the flexibility, adaptability and diversity of our assetolr@spond to external shocks
and stresses. Thidbjectivewas aligned withhe periodicreview of ourAMP7Resilience Action Pla(see Appendix
SSCOTMtegrated Resilience Framewoifr our PR24updates on thisandalsodrew upon collaborative and
constructive sector wide discussions facilitated by the OBpatrational Resilienagorking group.

A keystrategic outcomeonsiderectritical toour business plan and LT®&sto plan andbuild a new resilience model
for all supply zones in our netwolke sought to have a model that coalssess the resilience of our supply zones to
climate change, demand, operating envir@nt, andreservoir levelThe model calculatesrabustsupplydemand
position (hours of storagavailablebased on a wide range of operating scengtigsliraulic constraintsavailable
sources etc.and conditionsFigure 13 describeghese inputs antbgicto support policy developmendriving our
decisionmaking around investment proposals in the short and long term.
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Optimising our zonal supply:demand balance — ensuring we make the most of our water
resource and secure it for areas that need it most in the face of climate uncertainty.

Our Water Resources Management Plan (WRMP) sets out the investment needed to maintain a water resource surplus across our the entire of our network. Our pumping assets,
strategic mains and STORAGE assets must ensure the correct volumes of this water resource can be transported to our Water Supply Zones (WSZs), and levels maintained under
arange of different operating conditions. The diagram below explains our logic for deciding what STORAGE is required today and in the future for all our WSZs.

INPUTS INVESTMENT PRINCIPLES OPTIONS

General
+ Able to supply the zone under average operating conditions without compromising our
ability to supply the rest of the network.

+ Able to supply the zone under peak operating conditions, only needing to impose water
restrictions under a 1 in 200 drought event. Do nothing A
Able to achieve both the average and peak levels of supply to the zone consistently, as

population growth continues targeting any hotspots efficiently.

Able to achieve both the average and peak levels of supply to the zone without
introducing new, significant water quality risks.

Able to match the changing demand profile across a 24-hour day, as behaviours and
Hydraulic model for working patterns evolve,

Supply:demand

.

.

the WSZ + Able to provide a minimum of 36-hours of storage for single source of supply zones, with

decreasing levels of storage where there are multiple sources (minimum 24 hours). * Maintain existing storage
Storage
+ Able to have a consistent design for our storage assets to simplify operations,

maintenance and refurblshment {two—cf—:ll, baffled, back-up power, roof drainage etc.). Other solutions

Also able to develop solutions that maximise deployable output from the asset. « New WSZ interconnectors
+ Able to remotely monitor the performance of our storage assets (inflows, outflows, * Remove storage C

Current asset condition levels ete.) and remotely operate key functions (meters, water quality monitors, valves). Y :_:"‘;'—‘35'1 pukmmng capacity
1 . M 1 * Reguce leakage

+ Able to access, inspect and maintain our storage assets safely by our operational teams e e

and performance
S without significantly compromising supply.

Able to locate our storage assets where there is sufficient space to operate and

construct future storage as population grows.

Able to secure the storage assets to protect from third party interference and vandalism,

with measures proportional to the criticality of the storage.

.

.

Figurel3 ¢ inputs and logiaunderpinning out storage resilience modelling

Workingwith JBA Consultindhé reviewconsidereddemand levelsluring2023 and looked at theffect of prgected
demands in the futureTheoutput for each supply zone alwapsluded the emergency storage timésased on all supply
reducing to zeroThere were a series of operational scenarios defined for each suppljraona least likely set of
circumstance$o amost likelyset An example set of scenarios are shawhigurel4.

Description
All imports on zero to establish emergency storage.

West Bromwich Booster in. All other imports out of supply. No use of
exports.

3 Little Hay and Bourne Vale sources in (combined volume of 9.5Ml/d
over 24-hour pericd). All other imports out of supply. No use of exports.

4 Valve 1 and Grange Farm VS exports in maximum use (50MI/d
combined). Seedy mill in pumping 60MI/d. Scenario simulates Barr
Beacon supporting the Sedgley, Walsall, West Brom, Wednesbury
supply zones due to loss of Hampton Loade WTW into Sedgley.

5 West Bromwich Booster in. All other imports out of supply. Hopwas
infusion exporting on a flat 4MI/d and Outwoods infusion exporting on a
flat 12M1/d.

Si
1
2

Figurel4 ¢ operating scenarios defined and modelled for the Barrd®@en supply zone.
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Figurel5 provides arexample of the outputkor the Bar Beacon region in the Staffordshire area. It begins by outlining
various scenarios. Below these scenario descriptions, a table displays the corresponding storage times for different
demand levels (Average/Peak) and measure types (Maximum, Minimum & Aessmeated with each scenario.
Measure type refers tthe starting level of the reservoirs in the zdrased on useable volume (which can be linked
through to condition of the structure and yawater quality constrain)s

Average day demand Peak day demand
Max. (hr) Min. (hr) Avg. (hr) Max. (hr) Min. (hr) Avg. (hr)
1 15 13 14 10 6 B
2 MAA N/A NA 19 8 12
3 22 16 19 1 T 9
4 23 16 19 11 7 10
5 33 30 33 14 6 10

Figurel5 ¢ outputs from the supply zone resilience model ithe Barr Beacon supply zonehowing storaggimes for
different demand levels

The outputs wer¢hentranslated into an interactive dashboard using ArcBiSdashboard was created and published
throughArcGIS Online andés embedded within ArcGIS StoryMaps. This integratiovideda useffriendly platform

for exploring the results from different demand/supply scemaneaking datinterpretationssimpler forus,and

allowing us to see which regions were mosisk. Reviewand visualisatioof uncertainty analysihirough the use of
varying demand and operating scenanidhis wayis a step chang@ our resiliencglanning, even more so in context of
a whole gstems view perspective.

Figurel6 showcasethe storage dashboard with a map displaying the various regions in both Staffordshire and
Cambridge areas. Each region on the map is visually represented with a numeric value, reflecting the storage time (ir
hours) of the respective reservoirs within that specific afba.regions aralsocolour-coded based on their storage

times: red indicates storage times less than 12 hours, amber signifies storage times less than 24 hours, and green
represents storage timexf 24 hours or moreThis is in line with our storage policy and LTDS, where we are sedkihg to
in line with an industry average level of storage.

The maghasinteractive features, allowingsto click on any region to access detailed informationifipalty related to

that area.This was useful for exploring the results and comparing to the outputs from earlier risk elicitation attities.
left-handside of the dashboard allows users to fittex map according to th&dministrative Area (Staffdshire or
Cambridge)Time Period (Present Time, 2032, 2042 and 2@x)and (Average or Peak), Scenart)(and the

Measure Typ#Reservoir LevéMaximum, Minimum and Average). These filerablel easydata exploration and
analysis, ensuringe were able toaccess the specific informatiare needed to make informed decisions effectively.

On the righthand side of the dashboard, a comprehensive list of different regions is presentecseat gaebrding to

the applied filters. Each entry in thstlincludes the region's name, a descriptive account of the corresponding scenario,
and the number of hours of emergency storage available in that rélgieristallowsquick access to the vital

information about each region's emergency storage capacitlis alscRAG colour codegrovidingusa clear
representation for storage levels
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Zonal Storage

Use the filters below to see how storage
capacity changes

Administrative Area

Time Period

The list of different regions
organised according to the
applied filters. Each entry in
the list includes the region's
name, a descriptive account

Storage Overview

UTTOXETER

Storage capacity to be used is Holly Grange and
Prestwood reservoirs combined (4.27MI). All imports on
zero to establish emergency storage.

9 hours of emergency storage

of the corresponding ;

scenario, and the number of

hours of emergency storage
available in that region.

Scenario
Allimports on zero to establish emergency storage
Glascote - Sheepcote valve closed.

Measure Type
7 hours of emergency storage

GLASCOTE

All imports on zero to establish emergency storage.
Glascote - Sheepcote valve closed.

Filters which enable us to
change the area we want to
explore, the time period, the
demand levels, the scenario,

and the measure type.

24 hours of emergency storage

All imports closed to establish emergency storage in
Warley tower. - Warley tower used as storage capacity,
Langley / Warley demand
1 hours of emergency storage
The number reflects the dUTBURY
StO rage tl me (l n hOU rs) Of :r(l):g;;ons into the zone on zero to establish emergency
the respective reservoirs

within specific supply zoneg

6 hours of emergency storage

Figurel6 ¢ interactive ArcGIS map summarisittige outputs from our supply zone resilience model

More detailed analysis allowed us to produce a box and wipgiefior each of our supply zonescross both of our
operating regiondigure 17belowshows one for our South Staffordshire regidhis takes all storage times, under all
scenarios, for the full 2gear period to look at the distribution of likatprage timesSupply zones that have a range of
storage times lower than the Z#bur ambition are ones that we have targeted first, as part of our low or no regrets
assessmenfsee policy development figure 13, above).

Storage Times In Staffordshire Water Supply Zones

| B wM
| at’l h‘l* 4B

Supply Zones

Sector Average

Storage [[ime (Hours)

2050 Ambition

I et & wany W e B s G 0 rornas W s

W senciey wamsanL, wesTERoM & wenwessury Il ATToRETER W pass pEAcon WAoo HiGH W i

W OUTWOOES, HANBURY & CAST)FWAY B arscory W =RnNGSMIRE B si0PRS FND [ cANNOK | o & RUGFIFY

Figurel7 ¢ SouthStaffordshireoutputs from ourstoragesupply zone resilience model
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As these models represent a whalgstems view, they have been used extensively throughout our planning process to
match investment back to the needs of our supply zaBestions 2.1 and 2.provide extensive detadls to how the

outputs from our resilience modelling have been incorporated into our zonal master planning approach at PR24.
Particular emphasis isvgn in terms of how they have informed our system thinking workshops that wookdolidate
GKS NAOK RFOGF YR Fylfeaira FNRdzyR NRa|l YR Y2RSftfAy:
across our Production, Water Quality, NetkgrOperational Technology, Water Strategy and Delivery teams across bot
of our regions.

1.5.1Resilience asestudy ¢ Langleyzonein our South Sffordshire region

Methodology:

Supply zone inputs and parameters were quantified. 1
Diurnal demand profiles were added for the supply zones.
3% p/a growth was added to the models up to 2050.
Loss of supply scenarios were defined (least = most likely).
The model calculated hours of storage for each zone.
A visual representation was created using a GIS platform.
Results: (2032, Avg day, emergency storage)

Ranking (Highest to Lowest) ~ Supply Zone ~ Storage Time (hr3)

Potable water storage time in the Staffordshire region (do nothing)

i B I L g o

=1 - CANNOCK LOW / RUGELEY & BB (>27) 8- UTTOEXETER (7)

2- GLASCOTE (25) 9~ TUTBURY (6) -

3 SHAVERS END (21) 10 - SEDGLEY / WALSALL / W BROM / WEDS (6) - ly ‘ - 20 yoar
4~ CAWNEY HILL (16) =11 ~ HAYLEY GREEN (4) & HOPWAS (4) (10%) (20%)
5~ CANNOCK HIGH (14) 12— WINSHILL (3)

6~ OUTWOODS / HANBURY / CASTLE (12) 13 - LANGLEY & WARLEY (1)

7 — SPRINGSMIRE (8) z
Risk designation: High Risk (Red) ~ Less Mhan 12 Hours emergency S1orage: Modum Risk (Amber) - Between 12- and 24-hours

emengency storage’ Low Risk (Green) - Greater (han 24 Nours emergency storage

Jption Solution and defined business case:

Need for investment, Langley — AMP8 3
Rebl"ld Best Option for customers Need/Risk:
and G 5 +  Critical storage in zone — supply to Langley Booster
upsize *  End of asset life (104 yrs),
(10M|) Customer Protection *  Known risk at peak demand to 29k properties in zone
*  Forecast growth requires investment to address (JBA data)

Historical quality failures on RTS and current DWI driven works

Option Appraisal:

Figurel8 ¢ Langley zone ca&sstudy evidencinghe use of our resilience model tdrive priority investment decisions

Further information around this case can be founskiotion5.1 of our enhancement case append&SC36 Evidencing
our enhancement expenditure in 2023030

We discuss igection 2.2how we identifiecbur core pathway expenditu@ound resilience througthe simple decision
making hierarchy as outlinedfimgure31, such as that described the case study for Langley above. Within this section,
we also set out a case study on the Cambridge zone resilience modelling outputs, and the conclusionsgypam to s
investment decision making in AMP8 and as part of our longer term thinking in our LTDS core pathway.

Ourfull LTDS appendi®{ { / nn { 2 dzi K { @f FW¥ 2 NRE KX NB SprovideSantdmprehensivel S 3 &

breakdown of our range afperatinalresilience modellingcross both production and netwaordsilience (that is, those
which are not covered by existing statutory plannina frameworks or legal)duties

21



SSC3Dur Asset Management approach to beslue investment planning through 202630 and beyond

1.6 Deterioration models

We have made a number of improvementsour existingleterioraton modelssincePR19andfollowinga peer review
carried out by Jacobs on our existinfyastructure deterioration capability. This sectmovidesan in depthreview of
our advance# this areaandthe increased accuracy in their outputaportantly, maturity in output forecasts was then
able to be used in conjunction with those of our refreshed risknamdresiliencemodellingto form part of our master
planning approachcovered irsedion 2.

Figurel9, belowiillustrates the steps we went on, and areas we challenged oursem@®#®OUr journey of

improvement It evidences material we used to engage teamsat each stage dahis processfrom athorough re
evaluationof our existing capabilitthrough toinnovativetesting of Machine Learningygabilityin our refreshed model

URRENT MODEL STATE
EIEEELE o s @cion oo e

+ Current method cannot assess Tried to replicate PR14/PR19 results What we're doing next

on burst rates

i i using linear regression, multiple-linear — — — — — — — — — "~~~ ~ i i
:i‘:;mdzta:r;;:g::te changeion ActiYItIes ) regression and decision trees in :What's Next? uo(ﬁlzzzu;;tég)‘;vt?: mr:rm bo
« Pipes which have not burst are « Discovered opensource climate python ) ) ) 1+ Improve model accuracy business needs e.g., a user-
not included in the modelling SR nealte e D) * Ussdipcieeanmgmsiniuenty; 1= DURGBEUNED. friendly, adaptable interface
+ Scope limited to linear, * Updated mains and burst/work order evaluate predictive power of : modelling capability using (e.g., PowerBI) could be
polynomial and logarithmic data regression analysis ¢ imodelottputs created to enable easy use of
regression modelling Outquts ) Outputs ) ¥ Measure impact of ' model.
« Model is insufficient to = Air temperature, rainfall, ground frost « Evaluated regression results between ,  renewal recommendations
I

guarantee high-accuracy in it's identified as key climate parameters burst pipe age and climate
operational use i.e. pipe specific

renewal programmes

categorised total number of
bursts

* Model identifies climate factors
as key contributors to pipe bursts :

+ Link above outputs with
performance commitments e.g.,
leakage.

@ python

1 1
1 1
Explorator
Model Data pData Y Regression | U&izt;d o What's
Evaluation Gatherin 4 i 1 Next?
J Analysis Modelling : Building : "
1 1! TARGET MODEL STATE
1 o Vv .
Activities Activities | 'A c_tl;ltl_e s by W E=timation of climate's Impact
. i . 1 1
Reviewed PR14 & PR19 m9del ) Used python to explore | » Model featurs énginesting i on historical burst rates )
technical reports and Jacob's review relationship between climate | « Developed and fterated ; + Prediction of climate change’s
« Conducted an initial review of the factors and bursts by pipe agein | gression ML models . effect on future burst rates
g previous methodology . fytflon | Outputs f * Annual network renewal
Outputs ) ) uipue . ) !+ Model outputs monthly predicted ' fecommehcations
« Identified sub-optimal regression « Provided evidence of lack of linear | burst rate for SSW and CAM 1 * Run scenarios using ArcGIS to
results relationship between climate and e Back cast analysis (86% overall | calculate necessary investments
m « Identified insufficient analysis of burst occurrences when pipes are ! accuracy) in rfdictin X ! to offset impact of climate
important characteristics e.g., climate grouped by age : ) P 9 : change (RCP 2.6 & 8.5)
1 1
1 1
I
1

Where we are currently

Figurel9 ¢ A summaryof the steps we took tadevelop a step change in our infrastructure deterioration modelling

For he last price review we used our tried and tested linear regression model to forecast deterioration of our small
diameter distribution mainbased on pipe ag&his was a model that had been used multiple times to assess
deteriorationand was updated withewfailure dataeach price revieybefore generating new deterioration curves and
determining likely burst performancéhe inputs to thisinear regressiomodel are showin Table3.

Input Source Purpose

This data allows for the quantification of bursts on along a

Burst Work Orders Works Management System . .
section of pipe.

This data allowfr an understanding of what age a section o
Pipe Age Company GIS pipe was at the points in which bursts occurngtlich allows us
to understand failure trends over time.

This data allows for the network to be grouped up into sectic
called cohorts. This attribute along with othars used to
create optimal cohorts that provide the bestatonshipsor
modelling

Pipe Diameter Company GIS
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This data allows for the network to be grouped up into sectic
called cohorts. This attribute along with others are used to
create optimal cohorts that provide the best relationsHgrs
modelling

Pipe Material Company GIS

This data allows for the network to be grouped up into sectic
called cohorts. This attribute along with others are used to
Sal Corrosiity Company GIS create optimal cohorts that provide the best relationstgrs
modelling This attribute is more oftersed with sections of
pipe that can be subject to corrosisuch as Cast Iron

This data allows for the network to be grouped up into sectic
called cohorts. This attribute along with others are used to
SoilFracture Potential Company GIS createoptimal cohorts that provide the best relationships
modelling This attribute is more often used with sections of
pipe that can be subject to corrosion, suchPaC.

Table3 ¢ inputs to our previous linear regression model to forecast small diameter distribution main performance
against age

For PR24, we started our planning process Bymaing this modeto quickly identify the forecasted performance for
AMP8 based on penfmance and renewal rates in AMAThe DeNothing results are shown ifigure20 with key points
annotated on the graph.

Forecasted Performance - Pre Modelling updates

@m0 Nothing SSC No Deterioration e Track Performance Commitment

1200

1180

1160 ///

1140

1120

1100

1080 \

1060 o

1040
1020

1000
2026 2027 2028 2029 2030

Figure20 ¢ our modelledo dzNJ& (bz2 GakGAZ2y 3¢ & O S y ROSH priod uding) ari Lpdhtedivarsiqn of the
model that was used foour PR14 and PR19 submissions.

We provided our senior leadership team witheamly viewof likely renewal requirements based on:

1 Refreshed datausing last 10 years of bussbrk ordes, andthe most up to dateasset register from our Gi&
account for renewal schemes that have been completed #ireckast price review.

9 Established scenarios based on our-2&ar burst ambitionto consider what level of renewal is required to
managedeterioration andneet these future outcomes.

1 Accountedfor leakage driven renewal@from WRMP investments) as well as potential reduction from whole
system calming to establish a delta tbat base capesenewalprogrammewill fill.
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After our linear regression model had been toigenerate this initial vievwe took time to review the accuraclthe
modeloutputsand previousecommendationgrom our independent assurer at PRD@terioration of our small
diameter mains has become a more compiedelling problenin the last deade with external parameters
hypothesised to impact deterioration more than age and pipe material. As such, for PR24 we set qupoovament
pathwayto incorporate the effects afimate changénto the model

Infrastructure renewals is a large paf our Totex plan each price review, and since 2011 we are one of the Top 3 by
mains renewal rates and burst performance, as shownliie 4 We are proud of our performance in this area, and are
ability to maintain the risk profile of these assets |sthichieving performance targets efficiently. Starting the journey of
improving our infrastructure deterioration model is seen asggortant part of maintaining our position in the sector.

Company 2011-12 | 2012-13 | 2013-14 | 2014-15 | 2015-16 | 2016-17 | 2017-18 | 2018-19 | 2019-20 | 2020-21 | 2021-22 | 2022-23 | Average
AFW 0.89% 0.84% 0.85% 0.74% 0.70% 0.60% 0.43% 0.31% 0.18% 0.13% 0.08% 0.07% 0.48%
ANH 0.43% 0.26% 0.28% 0.22% 0.06% 0.09% 0.23% 0.26% 0.08% 0.04% 0.08% 0.12% 0.18%
BRL 0.98% 1.08% 0.73% 0.82% 0.07% 0.22% 0.24% 0.24% 0.47% 0.25% 0.13% 0.12% 0.45%
BWH 0.48% 0.43% 0.46% 0.39% 0.39% 0.43%
DVW 0.53% 0.58% 0.48% 0.23% 0.63% 0.23% 0.27% 0.42%
HDD 0.63% 0.43% 0.15% 0.09% 0.29% 0.32%
NES 0.62% 0.57% 0.36% 0.34% 0.28% 0.29% 0.32% 0.41% 0.30% 0.09% 0.15% 0.10% 0.32%
NWT 0.12% 0.14% 0.12% 0.09% 0.03% 0.04% 0.05% 0.03% 0.03% 0.02% 0.03% 0.09% 0.07%
PRT 0.71% 0.56% 0.74% 0.44% 0.33% 0.63% 0.66% 0.65% 0.45% 0.25% 0.49% 0.33% 0.52%
SES 0.42% 0.36% 0.63% 1.26% 0.64% 0.33% 0.45% 0.29% 0.47% 0.10% 0.23% 0.46% 0.47%
SEW 0.45% 0.43% 0.27% 0.29% 0.15% 0.07% 0.08% 0.26% 0.24% 0.17% 0.03% 0.08% 0.21%
SRN 0.59% 0.52% 0.20% 0.09% 0.02% 0.17% 0.23% 0.08% 0.11% 0.05% 0.03% 0.03% 0.18%
S5C 0.87% 0.90% 0.80% 0.50% 0.42% 0.48% 0.67% 0.46% 0.31% 0.38% 0.28% 0.24% 0.53%
SVE 0.50% 0.59% 0.09% 0.15% 0.19% 0.31%
SVT 0.80% 0.64% 0.58% 0.48% 0.41% 0.35% 0.26% 0.50%
SWB 0.81% 0.17% 0.22% 0.22% 0.12% 0.13% 0.11% 0.08% 0.09% 0.08% 0.10% 0.05% 0.18%
SWT 0.87% 0.12% 0.18% 0.19% 0.06% 0.29%
TMS 0.71% 0.30% 0.07% 0.05% 0.20% 0.12% 0.40% 0.48% 0.48% 0.09% 0.16% 0.19% 0.27%
WSH 0.70% 0.63% 0.47% 0.24% 0.26% 0.41% 0.35% 0.16% 0.21% 0.14% 0.07% 0.08% 0.31%
WSX 0.78% 0.70% 0.78% 0.48% 0.41% 0.40% 0.49% 0.39% 0.22% 0.22% 0.24% 0.21% 0.44%
YKY 0.46% 0.38% 0.28% 0.02% 0.11% 0.15% 0.13% 0.09% 0.06% 0.10% 0.03% 0.08% 0.16%
Year average 0.64% 0.51% 0.45% 0.37% 0.28% 0.28% 0.32% 0.31% 0.28% 0.14% 0.14% 0.16% 0.33%
AMP average 0.49% 0.29% 0.15%

Table 4¢ our mains bursts performance and renewal rab®mpared to the sector since 2011 (based on APRS)

1.6.1 Developing maturity in outinfrastructure deterioration modelling for PR24

To better understanthe impacts of future climageon our infrastructure assets we undertdabk work ofincorporating
future climate predictions into our modelliqrocesse®dy initiallytaking a step back at our current process and other
modelling capabilities were available to lmgtial findings from this review showed that a shift to machine learning
processes would offer impved modelling accuracy as welleambling us to meet OFWREquirementsfor looking at
investments over the long term.

Themachine learning principles in thew modelallow usto analyse the mulivariant problem of mains deterioration.
The inputs for this model ashown inTable5. Comparingrables3 and 5, shows that the number of inputgas
increased, with new parameters such as air temperaturenatwlork configuration now trluded alongside the
traditional parameters of pipe age and matediiktoricburst performance is stithcluded;however we now include
pipes that have not previously burst in the analysis (where the previous model didaat)g to this type of modihg
approach was also recommended by malependent assurers at PRE@jure Z provides a overview ofievelopment
areas through PR24, covered in depth throughout the remainder cfettiion
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Target Output

Estimation of climate's impact on historical
burst rates

Prediction of climate change’s effect on
future burst rates

Annual network renewal recommendations
Run scenarios using ArcGIS to calculate
necessary investments to offset impact of
climate change (RCP 2.6 & 8.5)

Link above outputs with performance
commitments e.g., leakage.

MODEL REQUIREMENTS

= Must predict annual burst rate for pipe
cohorts

* Must calculate and inform renewal
recommendations

= Must calculate impact of climate change

= Must perform well - accurate back-
casting/strong predictive power

EArcGIS ™ cepa
@ python’

Issues with Current Model (PR19)

Model uses outdated tools and relies on
manual processing and analysis. Jacob's
PR19 review suggests a more automated
approach i.e., data science techniques.
Regression modelling limited to linear,
polynomial, and logarithmic regression, and
calculates averages where the datapoints
are very limited - this oversimplifies the burst
data.

The model ignores zero-burst data, so the
model predicts the rate of bursts for only the
pipes that burst, not for the whole network.
The model doesn't take climate factors into
account so the data needs to be updated.

REGRESSION MODELLING EXAMPLES

s

i
i

New Model

Updated data: Combines SST and CAM data, includes
non-burst data, and introduces climate parameters (air
temperature, rainfall, ground frost)

Data is unbalanced (0.02% bursts, 99.98% non-bursts),
so SMOTE analysis is used.

Model splits the number of bursts per month into four
categories (0, 1-40, 41-80, 80+)

New model uses Random Forest classification and
leverages Machine Learning techniques to predict the
categorised number of bursts per month across both SST
and CAM.

MODEL RESULTS

This graph below represents the
predictive strength of a subset of
the parameters fed into the model
(others included Cl, Steel, PVC,
uPVC, Pipe Class, etc.).

—
—
——
B —
—_—
—_—

* Model predicts monthly o N
categorised bursts with an
overall accuracy of 86%. = "
+ Climate identified as one : :
of the key factors in burst .
occurrences. +

= Mustimplement a capability to include scenario modellingr
to facilitate the creation of renewal recommendations

= If this capability is to be implemented by the 3rd week in
Jan, will need additional resources (2-3 people for 6-8
weeks).

a
+Hoe |
HDPE

oD

MIN_AIR_ TEMP

MAX_AIR_TEMP
Type 7 4
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MDPE
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MAX_GROUNDFROST

MEAN_GROUNDFROST

Figure21 ¢ adeep dive onour how our new modelleverages Machine Learning techniquesimprove modelled

burst predictions

Input

Burst Work Orders

Source

Works Management System

Purpose

This data allows for the quantification of bursts on along a
section of pipe.

Pipe Age

Company GIS

This dataallows for an understanding of what age a section ¢
pipe was at the points in which bursts occurred which allows
to understand failure trends over time.

Pipe Diameter

Company GIS

This data allows for the network to be grouped up into sectic
called ohorts. This attribute along with others are used to
create optimal cohorts that provide the best relationships.

Pipe Material

Company GIS

This data allows for the network to be grouped up into sectic
called cohorts. This attribute along withers are used to
create optimal cohorts that provide the best relationships.

Soil Corrosivity

Company GIS

This data allows for the network to be grouped up into sectic
called cohorts. This attribute along with others are used to
create optimal cohortthat provide the best relationships.

Soil Fracture Potential

Company GIS

This data allows for the network to be grouped up into sectic
called cohorts. This attribute along with others are used to
create optimal cohorts that provide the best relatioipsh

Pressure rating

Company GIS

The pressure rating (sometimes call@dsspf a pipe material
often indicategshe strength of the pipas pipes with a higher
pressure rating tend to havegaeater wall thickness

Renewal Length

Company GIS

Theamount of renewal that takes place part of the network
can have both a positive and negative bearintherfailure
rates ofthe remainingsections of network withinredistinct
area of the networkKor example agupply Zonge

Supply Zone

Company GIS

This parameter allows fdine regional network to be grouped
into smaller geographical ar@dr overlayingclimate related
data.
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Minimum Air Temperature

Met Office

TheMinimum Air temperatte is a useful parameter for
understanding how theeatwork reacts tdemperature changes
within the model.

Maximum Air Temperature

Met Office

TheMaximumAir temperature is a useful parameter for
understanding how the network reacts to temperature chan
within the model.

Average AiTemperature

Met Office

TheAverageAir temperature is a useful parameter for
understanding how the network reacts to temperature chang
within the model.

Minimum Rainfall

Met Office

Minimum Rainfalls a usefuparameteras a proxyor
understandinghe potential level of satation within the sog
that suround the pipes.

MaximumRainfall

Met Office

Maximum Rainfall is a useful parameter as a proxy for
understanding the potential level of saturation within the soil
that surround thepipes.

AverageRainfall

Met Office

Average Rainfall is a useful parameter as a proxy for
understanding the potential level of saturation within the soll
that surround the pipes.

Table5 ¢inputs to our new machine learning model for predicting burst performance across our saiatheter

mains network

In order to train our model on how climate affects pipe network, we needed tiind out which climate parameters
weremost likely to dectfailure rates This data was obtained from the Met Offacehiveswithin their HHdUKGrid

Datasets.

HadUKGrid is a collection of gridded climate variables derived from the network of UK land surface observations. The
data have been interpolated fmo meteorological station data onto a uniform grid to provide complete and consistent

coverage across the UK. The data sets cover the UK up to 1km x 1km resolution and a range of other resolutions to
for comparison to data from climate projections awoss a country, administrative regions and river basins. The datase
spans the period from 1836 to present, but the start time is dependent on climate variable and temporal resolution. Tl

grids are produced for daily, monthly, seasonal and annualdatess as well as long term averages for a set of

climatological reference periods. Variables include air temperature (maximum, minimum and mean), precipitation,

sunshine, mean sea level pressure, wind speed, relative humidity, vapour pressure, daydyihgnand days of

ground frost.

The advantage of the HA#Griddatasets are that thegpan back for many decadist encompassethe same
timeframe that we havassetfailure datafor. The data itself comes in many different form#tsorder to provide the
bestrelationships between weather paramet@nd our networkwve used\NetCDF formafigure 22 which is a
multidimensional raster formaf his allowed us timtegrate the historic meoffice data into our companglSand
accurately overlagur network of pipesBy splitting our network up into geographical area like supply remesn
measuresmallclimatevariances within our regiorad these cabe picked up by the model
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Multidimensional data is collected over space and time, depth or height.

Figure22 ¢ anillustrative example ofa netCDF multidimensionahster.

Once wehad collectectlimate databy Supply Zonfer our failure data time envelope we couddgin our initial
assessmendf which parameters we most important in determining faile rates of the pipes in our networkhe
analysis showed thatir Tenperature and Rainfallere the strongest parameters astlould bencorporated into the
final model A fullview of the model features that were incorporated into the final model are shown befamure 23.

By moving ta model that looks apatial relationships between pipes and climaéeneeded tcstructure our data

slightly differently to how we have de with previous model#é\s the climate data was based on distinct geographical
aressthe network needed to bgeo-OK dzy { SR Ay (2 GKS &l YS IfoNBslsh, theinéw moded S
has been trained to consider the characteristics of thevogt components within each supply zoméengsideclimate
predictionsin order to determine an expected number of failuires giveryear.

Feature importances using MDI
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Meodel feature

Figure23 ¢ model features(variables)and their importancein the model for determining failure rates
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In order to determine the accuracy of the new mdustoricdata wassplit intotwo parts the model wasrained using a
large proportion of the datand then tested using the remaining data psifihe model vas asked to prediethat has
happened in the pastsing data it has never seen befols we have accurate historic failure dathave an accurate
benchmarko compare against the modelled resulihie model was found twave arR2 value of 0.6Figure24 shows
the results of these tests

Random Forest Regression

@ Actuals vs Predictions
—— Model predictions
Confidence interval
——- Perfect predictions

25

20 4

15 4

10 4

Predicted number of bursts in supply zone

0 5 10 15

20 25 30

Actual number of bursts in supply zone

Figure24 ¢ model features (variables) and their importance in the model for determining failure rates

No model is perfect in its predictions but the results show a significant increase in the accuracy of predicting burst
numbers for both regions when compared with previous modetseakdown ofhe positiveaspectsand areas of
challengdor further modeldevelopment is shown ifable6,below.

Positive

1 A tried and tested approach in the sector with
comparable datasets and outputs that can help wi
confidence.

9 Simple model that can quickly berten with new
datasets, with very little time required to produce &
new set of outputs.

1 Simple to understand and communicate to
stakeholders who may not be webrsed in
statistical analysis.

1 In line with approaches used for norrastructure
assets within our compangllowing for cross
comparison.

9 Can be configured within most d@ffe-shelf products
for investment planning and decistamaking 9rather
than needing a complex statistics platform).

1 All small diameter distribution mains are included
within the model, irrepective of whether there is
burst history.

9 Multiple, timevariant parameters are analysed
within the model (age, weather, network
configuration, material etc.).

1 All mains are modelled together, rather than in
separate cohorts to ensure no bias towarddaier
mains.

Ly tAyS 6AGK twmdg AYRS
recommendation on leveraging machine learning
principles.

1 High degree of accuracy in prediction despite

needing time to train and learn burst patterns in a
new weather climate.
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1 Pipes which havnot burst are filtered out of . L, . ) |
modellingct $F RAy3 G2 Iy ¢g|TwsSlidANBa GAYS G2 WiNFA
DdNEGE FFHOG2NI 6SAy3 LI that capture information against all the input
analysis. parameters needed.

1 The only variable within the model is pipe age. All
other inputs are static and do not vary over time.

1 Pipecohorts were modelled individually and group
in the postprocessing stage rather than being
modelled together.

1 Other timevarying parameters are not included in
the linear model.

1 Network configuration (location, connectivity) of th

9 More complex to explain to stakeholders than sim|
linear models.

1 For PR24, it is the first time using the technique sc
there are no past results to compare to and potent
uncertainties with how the model behaves (hence
both models have been used).

9 Time tore-run the model with a new set of inputs
takes longer as there is more data to prepare and

Challenges

input.
pipes is not included P . .
o 1 For PR24, not fully integrated with our chosen
T Low accuracy of prediction compared to recent decision support tool and investment planning
performance (due to the changing environment system

around burstg; requiring a new model).

Table6 ¢ the positive aspects and areas of challeng@rrounding our modelling capability

Model outputs provide an annual view on futlmerst maindased on differing levels of renewalo that we can begin to
see what level of renewals will need to be completed in the next AMP as well as futissAnlBrly to previous model
outputs wefirst run a scenario thdtas narenewal activity within it with further scenanions incrementally increasing
the level of renewal we do. This allows usnderstand the benefit afach scenarizvhen compared with doing no
renewal.As expectegwe see an increase in annual burst numbers when we run a scenario with no remelsts to
seeimprovements in burst performance when we introduce renewal strategies to the model.

Do Nothing vs Renewals strategy (Mean Climate Scenario)

1100
1050 ey
S ——
1000 e
(2]
@
2
d \
z
900
850
800
2025 2026 2027 2028 2029 2030
Financial Year
— SSC Renewal Option Do nothing

Figure24 ¢ comparison ofDo Nothing andbOkm annual renewal strategy.
We haveseta performance commitment thgirovides us with a targetl reduction in bursts each year. The proposed

target will push us to reduce annual burst numbers by ardudnger yearUsing the model we were ableian a
scenario thabutput the annual renewal lengths required to achieve. this
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1.6.2 Costingof the infrastructure renewals budget

Toappraise the budget costs for the renewal lengths output from the maadtgus stakeholders were consulted across
the businessind information orschemes delivered overevious years as gatheredThe cost of replacing a water pipe
can vary depending on an numbettlohgs, for example, the type of ro#ttht the pipesits within carnnfluence costs
associated witttraffic managemenand reinstaterent costsUsing historioutturn costsallowed us tajuantify an
average renewal rate per meter for schemes in each re@lwse run rates have been used to deternierenewal
budgets for AMPS8.

We intend toimprovecosting for renewal schemes in fatuyearsby creating a unit cost database that takes into
consideration thénfluentialfactors that affect the cogif a renewal schemé& his will provide more accurate costings of
the schemes that are optimised throughout the modelling proa@sssich being able to pick up on sensitdgin the
analysis when schemes are selecte’ 6 dzA f 1 dzLJ dzNDB Iy I NBI Qa 2N 2y (0 NXzy |

1.6.2.1xheme selection during AMPS8

DuringAMP8 we will need to select the schemes that form the proposed budget for ABdR&@Mes selection is based

on a number oflataranging from burst failure history to leakage levels within the DMA. We use a combination of
systemssuch as ArcGI8 geo-chunk the pipe network into deliverable size schemesGomperleaf H2€ capture albf

the proposed risk and value for schemes so that we can produce an optimal replacement program that supports deliv
of reducing impacts on customers and the environment.

The geechunking process is based on the makeof the pipe network and focusea groupings of pipe that have
similar characteristics such as material, install time frame and surrounding soil type. Pipes are then grouped by
geographic characteristics like which DMA they exist within which then takes into consideration pipe dgnnectivi

All connected pipes that fall within a scheme are copied across from the company GiksQuajoperleabystemwhere
schemes can be ranked and prioritised based on the risk areas like:

mains with higheakage;

mains which burst often

mains that wha they burst have a large impact to customers such as long duration supply interruptions, road
closures, property flooding and damage to third party infrastructure

mains that are under capacity causing poor pressures;

mains that are over capacity causpaiential water quality issues.

€ €€

w
w

Within Copperleafive are able to generate an optimal programme of renewal schemes based on delivering against ou
mains repairs performance commitment and leakage ambitiomplyiagconstraints that a programme must meet.
Customer priorities arbuilt into the Six Capitatgalue frameworksection 1.2 that Copperleafisesto quantifyvalue

against schemes. Quuits from recent Willingness to pay studies have been incorporated into the value sets so that
monetary valueshat express customer preferences cancbasidered within cost benefit analysis.

This process is run multiple times through the year with tlestiaata to ensure that emerging risk areas are anticipated
and reflected in future programmes of work.

As well asorecasted failure rates of assglsstorical failures are taken into accousthemeare targetedbased on

cluster analysit identifyhotspot trends within datan example of thisan be seen ifRigures 26 and27 below.We

would expecttotargei OKSYS& 6AUGKAY G(GK24aS 5al Qa GKI G KI StlerzofesS K.
on the region.
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Figure26 ¢ SST DM&ones showirg hotspot analysis of burst over the last 5 yeaif3arkerareashave higher
concentrations of burst pemeter

ledford

Figure27 ¢ CAMDMA zones showig hotspot analysis of burst over the last 5 years. Darkeegashave higher
concentrations of burst per meter
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LTDS summary bginfrastructure modelling to 2050

Both our linear regression model and machine learning model for deterioration modelling of otdiameter distribution mains
forecast performance to 2050. They also consider varying renewal scenarios and by PR29, will be fully integrated yg#im c
for investment planning (Copperleaf H20). Our new machine learning model has capability that allows us to test the Ofwe
Common Reference Scenarios. Air temperature and rainfall level have shown to be the most significant drivers of deteriol
within our new model, however we need to continue training the model before we can ascertain what expenditure is requi
mitigate this additional deterioration. Further detail can be fourtiénoperational resilienceection5.42 ¥ 2 dzNJ S3303S
Sauth Staffordshire Waterg long term delivery strategyp Q

1.6.3Nor+infrastructure modelling & PR24

In addition to theesilience modellingcross ouproduction and network assettescribed irsection 1.5 we alsdook to
utiliseour hydraulic modelé supporting understanding of onon-infrastructure criticality.

Asset failures were simulated to assess the impact to our sefivgtly beingsimulated one at a time to determine the
impact of a single point of failure, then, multiple failures simulated within each zone to determine the potential impact
cumulative failuresFailursg SNB & A YdzZ F SR o6& aeéaid S Yih the\hgdratilie ModeWigs A G O K
softwarec so our source stations, booster stations and service reservoirs and towers. For source stations and boostel
stations, we simulated asset failures under an average demand, peak hour scenario to reflect the waest@dse s

risks we have to manage on the most frequent of occasiamkily basis. Therefore, by simulating failure under a higher
demand scenario, we were able to assess potential impacts to customers that we have not already quantified. After
simulatingeach asset failure (single or multiple), we documented the impact on service level to customers in terms of
pressures and no waters. We then added existing mitigation measures to the model, for example, opening valves
between zones or operating transfgoosters.

In our assessment of maturity, we recognise the industry wide problem of linkingfraoasset health indicators directly

to customer service, and like others, consider the challenge around establishing a single few measuresotret tben
health of the full range of assets. Our approach around establishing asset health has thus seen more emphasis place
internally on risk indicators focused around WQ. To improve this we have developed a more granular bottom up asse
specific riskegister(as discussed isection1.3)6 dzA £ RA Yy 3 dzLJ2 Yy 5 2 {infraYigk elicijation aitNdsindeys? d:
with a view to develop an integrated hierarchy of data. Further, notablelledddata around our pumping asset health
encompasses vibration analysis, thermographic data and energy based pump efficiency programmes that feed into
prioritized investment cases.

1.6.3.1Non-infrastructure deterioration model

NON-INFRASTRUCTURE MODEL (REPAIR) In refreshing the data sesedwithin our existing non

infrastructure model we alsdook the opportunity tacarry out a
review with PAConsulting in terms @freas of potential
improvementWith improved datasetsé€esection 1.63.2

below) we refreshed and looked to include longer life assets
where possibleWe als@ought to establish clear ownership of the

model and associatgurocesses to ensure its ongoing
* Models with data input require failure data sustainability.

Capital maintenance focused models

Used to predict long-term maintenance
Combined with site risk registers to form plan
Uses Weibull models to define repair rates
Models based on either data or judgement

AYYINANS

* s e e

« Some models require engineering judgement %
» Other parameters...cost per intervention c . . .
P P 78 Further, we engaged PAM&yticsto provide aradditionallayer
of quality assessment around our existing data, setgewing the

) ) staticanddynamicdatasetscaptured in our asset registry and
* 40 yr capital maintenance forecasts o . . . . .
- 40 yr operational expenditure forecasts < through maintenance activity. We investigated the use of survival
« 40 yr repair rates aligned with |0 OPMs Ml analysis to generate bespoke deterioration curves for asset
* Potential for criticality, mean time to repair 78 classes, predicated on mean time to failure using a given

Ls e len e maintenance frequency
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Outputs wereoverhid with riskelicitationexercisegsectionsl.3and1.4), tosupport validation of critical investment
requirements and fed into theonalresilience master planning procégssction 2.).

1.6.3.2Non-infrastructure asset data

A major upgradin AMP7of our works asset management system, Maximo, has given the capacity to capture and
interrogate identified asset health datasets to complement risk elicitation and stakeholder views. With immediate
impacts delivered around system changes and process iraptation, our ability to manipulate asset performance data
and view/create easily accessible dashboards to monitor ttessEnhancel our ability to turn data into informed

decision makingr'his ismportantin contest of our modelling capabilitighlighed above.Linking asset health measures
through from live telemetry systems into Maximo is also being developed. This will support the Smart/Live Networks (
in improving asset health understanding from real time dat@ expect much greater transpaey to come through

around failure modes from this information, feeding into our predictive analytical models and supporting proactive
interventions to benefit customers.

1.7 Statutory obligations

A large proportion of our investment needs are driven by atgryl factorsg investments we are required to make to
meet our statutory obligations. The main regulatory bodies affectingauinfrastructure and infrastructure assets are
Ofwat, the Drinking Water Inspectorate, the Environment Agency (EA) and ttreanelaSafety Executive. Our
investment needs relating to our statutory obligations were put forward by the relevant owners across the business
throughout the planning process.

- WRMP, WINEP, DWSP and other statutory planning frameworks follow bespokeatogike for risk
analysis, scheme identification, option development and plan optimisation.

- All statutory schemes in these frameworks are also assessed in parallel using our common risk and valt
framework to ensure the whole portfolean be optimised &anaged within our investment planning
system.

- Where possible, processes such as benefits assessmetstimdy have been aligned, but for some of
these planning frameworks there are differing submission dates and required mdtrassafmple,

WINEP).
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1.8 Innovation workshops

As well as our assédcused assessment

of risk, we also reviewed our 2050 " WRTEeR TV o nmyuNE
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Several sessions were held with the SL1
to review ideaproposed by different
people.These were aligned with
elements of our ambition and prioritised
for development based on thaotential
value to customers, and effort to
develop
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Covering dreadth ofkeyareas
includingresponsible water resource,
management, customer service,
efficient operations and environmental
and social governance

Qutputs from these sessiongere categorised
into proposals supporting our near term
ambitionin AMP8 and those thatere centred
around our ability to optimally meétture
strategic challengesnd servedo promoteand
establish our thinking around core and adaptive
planning pathways specific to our LTDS.
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2. Systems thinking; identification of needs and initial solutions

Optimisation of our
investment plan

Solution appraisal and
costing

Systems thinking and
identification of need
Risk and Asset Modelling @

2.1 Zonalresiliencemaster planningfor resilience inAMP8 and beyond

We havedevelopedand enhanced our ability at PRB4nsuringthe transition from our bottom up risk elicitation
(definedthroughsection Iriskand asset modellingo investment need andchemeidentification has beedeveloped
throughazonal mastr planningapproach.

As a core principle of this approaefesetout to createan innovative environmerthrough structured workshops (see
section2.2 below)where asset experts can rethink the way the infrastructure is operated and propose sustainable, lon
term investment solutions.

Consolidating the riskputsthat had been capturedcollatedandscoredacross theentire businessisset Management
facilitatedW & @ & (i S Y Zsessidisibngingtogeln@r a wide range of expertise frdPnoduction\Water Resources
Water Quality, NetworksAsset Management and our Capital Investment Delivery t8drase sessionsgere integral in
ensuringcapturedrisk was viewed holistically by these key stakeholdatts,an understanding dhe interdependent
nature of our asset base acrdssth infra and norinfrastructurecriticaity assessments

Cuucially theseworkshopswvere informed byboth the outputs of theexpert risk analysis detaileddactiors 1.3 and 14,
andalso by thesupply zone resilience and asset deterioriation modedlitiinedin sections 15 and 16. Thsapproach
allowed considerationf more than 500isks generatingaround 1200 investment solutiooptions within context of
existing opeationalstrategies anduture stateobjectiveqfor examplen terms of ourstorage levepolicyambition as
outlined infigure 13 in section1.5).

Decision makingroundpotential optiongo meetcurrent and futureresilience ambitionvassupported n the use of
assessing potential options agasint 8ixCapitas valueframework(seesection 12) to understandhe valueaganstour
proposedAMP8 Performance Commitments to our customers and in our strategic business objectives. And, we
developeddecision treegevidenced irsection 2.3 that contained within them a refined set of questiohattserved to
establishthose low or noegret optionsn context of our short and longer term resilieranbition

We set out in thisectiontheseseparate componds of the master planning process, and how they h#auwedetherto
produceour best value, least cost base and enhancement programmes for the geA6@030, and also how the
process has driven the identification of keyestmentwithin the core and adaptive pathway plansrisilience within
this period and up to 2058s part of our LTDS.
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The development of thiglanning approach watone with a core principle eihsuring a sustainable and consistent
platform linked to a well unastood value frameworkVe feltthisideologywas criticato the maturity of our Asset
Management system, amndould serve tgrovide a baseline moving past PR24 andAhi&8 with continuity in our
capcity to refresh and review as needed.

Our master planning is also intrinsically linked toestablishedResilience Action Plan targets,
refreshed for the period 2028030, as detailed iourappendi{ { / np L ylie®d& NI {
FNI YSG62N) Q@

ZonalResiliencéaster planninggummaryg, innovative thinking in our approach to the escalation of risk to investrr
YSSRX

From Source to Tap, we stepped through the network as it

is operated, reviewing risks and challenging ourselves tc- Stopmissing opportunities to invest efficiently &

w LRSyGAFa GKS NR2G OFdass a effectvely s
>S5 0st % I:J I_ 2yttt ‘? 2t dz‘f e .2 ya ok Promotelongterm network requirementslinked to our

® / 2y aARSembirfieizigiaME dedzgha, climate etc.) Long Term Delivery Strategy

 tNBLRAaS AygSaitySyid GKIFd Az

 [AY] NRA&la | yR Hix@dieom&(RTDS); Continuedelivering a great service eoistomertoday

w LRSYGATE AypgSadvySyd RSLISyf andtomorrow ‘ .

The full zonal resilience master planning process is@dtbelow infigure 28
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Zonal Resilience Master Planning
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We have covered steps 1 and 2 in theadresilience Master Plannifiigjure 28)process througlsectionl - the
followingdetailin this sectiorwill outline the remianing steps in the procagsulting in the identification of an
unconstrained list of investment needs and solutiampbtential inclusion as part of our AMP8 plexcludingthose that

are deemed part of any core and adaptive pathway planning for the longer term within our Long Term Delivery Strate
(LTDS).

Thestructured process of the workshops wasmulatedto identify needs and subsequent solutions to take forward into
our business plannin@rocesspringing togetheexpert insightgsection 13), historical data and CRT captured critical
risks(sectionl.4) and applyinghesewithin aWater Supply Zone strategic level. Key inputs were based on:

1 Water Quality; driven by Drinking Water Safety Plan held risksteddewedin context of the Compliance Risk
Index (CRBNd acceptability of water (taste and odour) within the supply zone in question. We also reviewed
areas that may be at risk from low levels of frielerine and potential risks to the acceptability of water that may
arise from us transferring water between zones;

1 Unplanned outages or interruptions to supply covering:

0 norrinfrastructure assetg we reviewed source station outages and trips at booster stations since 2015
as identified from our telemetry records in terms of both frequency and root cause;

o infrastructure assets we reviewed both trunk mains and small dear historic burst rates and the
number of bursts per kilometre of main within each zone. The trunk mains data we used dated back ta
2000 and the small diameter data used dated back to 2015.

1 Our newly builsupply zomr resilience modekge section F)

0 thisassesses the resilience of our supply zones to climate change, demand, operating environment, a
reservoir level

1 Additional insight andeview ofthe long term position foeach zone, including:

o future demand forecasts encompassing all new proposed housing and commercial growth contained i
Council Local and Structure Plans;

0 our Water Resources Management Plan (WRMP) in terms of our deployable output, supply demand
balance and leakage position;

0 emerging trends in raw water quality at our source stations;

0 regulatory changes (pertaining to licence changes and water qualidy); a

0 between zone water transfer capabilities and constraints (for example mains sediment and turbidity
risks);

1 A review oprevious and current proposals for investmanAMP7in order to confirm what actions to mitigate
the risks identified are already planned and when they will be delivered so we could ensure any outstanding
mitigation identified as being required could be added to the business planning process.

1 The use ohydraulic modeld¢o simulate failure scenarias better understanding our asset resilience under
average and peacenarios, linking in withur noninfrastructureproduction asseandstorage resilience
modelling(sectiors 1.6 3 and 1.5respectively andproviding an objective analysis of expert elicitedirighe
session.

1 True systems thinkingroundexistingassetmaintenance strategiesnd the whole life costs associated witlertin
in context of the solutionslentified We recognisethat vulnerabities or failure in onarea of our network,
whether above or below ground assedn affect the whole system, potentially leading to a cascade of failures.
These knockn effects are due to interdependencies in the system, which can be exposed by stnelssiegcks
such as extremereather conditionsHence, we overlaid the results of our supply zone resilience modsdling
part of this systems thinking approach to truly understand whether our policies and ambition were being
matched in ouidentificationof investment need and solutions.

1 Appraisal of potential Nature based, or Green Solutions in our predess, followed through to our longlisting
stage and Multi Criteria Analygi®gction 3.2.)ranking against the relative merits of any poterd@iemes that
fell into this category.
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With so many of our colleagues involved in the process, the outputs of the workshops were diverse, ranging from spe
norrinfrastructure assets, sgific infrastructure assets; strategic supply capability, and, more generic strategies relating
to our internal procedures such as emergency planning.

% WATER

Inputs =)l v P ———
'E! [ . equipment reaching end of iife.

* Asset knowledge : \ = £ Significant number of assets are

+ DWSP risk registers < ) Shvon edions ratience sided

* Asset risk registers
+ Storage models
* Deterioration models

New veatment = Boosted only zone, poor asset
A requirements, =
deteriorating raw water

health, substantial growth

* Operating constraints ' @ {} f-}
* Hydraulic models Works N
+ Local planning data e
« Current investment plan - S

o § ~

. AN

Outputs ¢mmmmm A w 4o
* New risks own A v 100 PYC o=
« Validated risk registers ' e A
* Risk communication tool a D —— ——
+ Whole-system solutions v lltﬁlﬂ _
+ Benefit quantification — e

« Efficiency opportunities

* Aligned stakeholders

+ Benefit realisation KPIs

* Investment dependencies

Figure 29 Systemghinking inputs and outputs

The process was valuable inshatidf§ 2 LJf SQa 1y26f SR3IS | yR SELISNASyHH®D Ay
our service as well as our internal processes and, in facilitating joined up thinking and communication across our bus

SixteerZonal Study workshops brought expertoas the business together to strategically review issues across the 27
2 { Y%mduding dedicated sessions for our two Water Treatment Works at Hampton Loade and Seedy Mill. The
visualisation of network risks was critical in facilitated discussion apddthection of potential investment solutions to
IRRNBaa yR YAGAIIGS GKSasS AdadsSasd ! w2yS G2 YilyegqQ |
used,resulting in

>400 needs raised across the entire network;
>1,200 costed potentiaource to tap solutions proposed to address the needs identified and to improve resilience; and
timescales required for implementation of the proposed solutions.
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@ InFORMATION @ nFORMATION

Water Quality (Hopwas nitrates):

Option 1 — Do nothing

Option 2 — Nitrate treatment plant (L2)
Option 3 — Borehole relining (L2)

Option 4 — Blend in reservoir (L2)
Reference(s):

If a new resilience main was chosen, this
would support Option 4. Another source of
supply would also be present if there were
any issues with the 24”, reducing risk.

Whole system, source to tap solutions

Zonal issues raised in workshop proposed

Figure 30 Systems thinking one need to many solutions example

2.3 Investmentneedand solutionpathways ¢ AMP8 or future core requirement?

Through our holistic system wide reviews across all of our supply m@neatefully analysed the configurationeaich
zoneas describedbove insection 2.2 assessingydraulic constraints, areas of growth, and dependencies on other
assets or zond® determine a feasible list of options..

As a resulting output from steps 1 to 3 of our master planning process, we developést$oniinvestment optiongor
each supplyane across both of our regions, in tandem with recognition of whettegrwere potentiallyrequired as a
priority in the period 2022030, or as part of a core or adaptimgestmentpathway over the longer LTDS horizon.

To facilitate clear undastandingof this categorisation afur options we developedcind embedded decision trees rooted

in the need taunderstand and agree whether the arissupemesould be classed a8f 2 ¢ 2 NJWiraugh\aR&iess
of tests based on thekklihood of each deliverirgpainst the required leviebr step changenf resilience in a given zone.
Figure 31, belowiillustrates arexample decision tree related to our storage and infrastructure resilience model, to
support identification othe invegment solution pathwaymore detail on thereation and use dhis decision tree can

be found inthe operational resilienceection’5.4 of our LTDS daizY S ySGGD2 Wuth Staffordshire Watelong term
delivery strategyd Q

As a final stepwe then looked to identify goreferredoptionin conjunction with stakeholderthrough initial cost and
benefitassessmensgction3.1).

Having done thisye further refined the option to exploianovative, alternative ways of delivering the scheme that
supports adaptive planninfp¢ examplejf a new storage asset is requiredxploring the opportunity for modular
storage rather than large new reservoif)is principle would then Harther tested and reinforced through thdulti
Criteria Analysis and shortlisting processur detailed Phase 2 costing prociessection 3.Zbelow,with an additional
review of adaptive planningipciples
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New interconnector
from a zone with >24
hours storage

Supply Zone

Resilience Model

Does the range of
storage times sit
above our ambition?

Can the supply zone
be sustainably re-
configured?

Are there a suitable
number of inter-
connectors present?

Is the modal storage
time for the zone more
than our ambition?

Is there a base capital
maintenance option to
improve resilience?

Is there storage
capacity that can be
re-intfroduced (base)?

Choose an
enhancement option
suitable for the zone

New storage, with
modularity where
possible

Monitor for changes
to supply zone
resience
(continually carrying
out scenario testing)

Identify the AMP in
which the resilience
falls below ambition

Through base capital
expenditure, intervene
to improve resilience

Re-introduce storage
capacity through base
capital expenditure

Other solutions

depending on
circumstances

Figure 31, anexample decision treeelated to our storage and infrastructure resilience modsupportingthe
identification of the optimal investmentcore pathway and timingfor our production and network resileince
investment

2.3.1 Summarymaster planning outputdor our LTDS

Enhancement Network Resilience

Achieving our supply interruptions ambition will largely require us to maintain asset health and operate effectiv
minimise disruption when there are loss of sugdgnts. However, after consideration of all potential areas for
enhancement expenditure on Network Resilience over the next 25 years, our current LTDS includes expenditt

1 New potable water storage within our supply zones.
I New interconnectors that alv us to move water between supply zones.
I Renewal of our infrastructure above the base expenditure allowance of 0.4%.
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Enhancement, Production Resilience

After consideration of all potential areas for enhancement expenditure on Production Resiliertbe oest 25
years, our current LTDS includes expenditure for:

1 Continuation of our power resilience programme (not including new sources of energy).
1 New control systems to better manage processes on site.
91 Duty/Standby streams for sites that are criticadupply.

2.3.2 Case studyf storage resilience in our Cambridge region
We set out below a case studyound storage in our Cambridge regiSapply zones that have a range of storage times
lower than the 24hour ambition are ones that we have targeted firstpat of our low or no regrets assessment (see

policy development ifigure 13, above) As withour South Staffordshire region, these outputs (discussed below),
informed both our base and enhancement expenditure in AMiE&éso our LTDS core pathway.

Storage Times In Cambridge Supply Zones

40

35

L ﬁk _

Supply Zones

Storage Times (Hours)

M SHUDY TOWER M BALSHAM TOWER M WARBOYS TOWER BLUNTISHAM TOWER B RAMSEY TOWER B LINTON
M BOURN TOWER M WISTOW RESERVOIR B BOURN RESERVOIR B OVER TOWER B EVERSDEN RESERVOIR B HEYDON
B MADINGLEY I ST IVES RESERVOIR 1 BLUNTISHAM RESERVOIR [ CAMBRIDGE [H CROYDON

Figure32 ¢ Cambridge region outputs from our storage supply zone resilience model

A significant amount of storage in the Cambridge region is concentrated in the Cambridge, Maddingley, Croydon ¢
Heydon zones.

Linton in the soutkeast of theregion, and Bluntisham in the norttrest appear to be the zones that have the least
resilience given the large number of water towers that do not provide any significant amount of storage. Some loc:
DMAs within these WSZs could be adequately supplidieheservoirs, but there is still a risk that substantial
customers would be lose supply if source stations were lost.

As a resulthbaseinvestment in source stations such as Linton PS, Rivey PS, Horseheath PS, Great Wilbraham PS,
Dyke, Dullingham P®/estley PS, Weston Colville PS and FulbourillBS8pport resilience in the Linton W3¥e
evidence tlisin our base nofinfrastructure maintenance activity gection5.1.1andalsoin our resilience and water
quality driven enhancement casessittiors 5.2 and4.1 of our appendix8SC36 Evidencing our enhancement
expenditure in 20252030Q

The northwest of the region could be subject to substantial future netwbdnges due to the introduction of Fens
reservoir. There are challenges associated with thegagich makes it difficult to identify enhancement that is low or
no regrets.

42



SSC3Dur Asset Management approach to beslue investment planning through 202630 and beyond

2.3.3 Categorising our priority solutions

Throughsection2 we describe how the base and enhancement programmes have beein ipaitallel, with avealthof
modelled and SME input to generatelear view of investment needs and an unconstrained list of optsecided
that, ahead of moving into more detailed solution development and costing phases, it was important to dlearly de
whetherthose solutions we fthidentified as being required in the period 2828 should be classed as either base or
enhancementnvestment The following flovprocess iriigure 33, below, demonstrates theuestions we asked of
ourselves in this sense, with the main focus being on what the investment was delivering for our customers.
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7~ no

Solution apprasial start
point

programme of activity

Is there any impact on Scheme required due to
other schemes? m\lmlhgldabn? Done iakd de .
« Asingle point of asset faillure?
Wmmmmh + Being outside of management
m"q ete? control?
« Clear customer support?
* Low probability and high
consequence of fallure to
: DY : customers?
Enhancement criteria?
Is this scheme distinctly Can clear distinction be
different fromother  ~=a Is other schemebase? ~~ =3 drawn between proposed
Impacted scheme? enhancement and base
element?

Potential Enhancement May fall into Resilience category ?
Has the Investment Need bunmmmgmmmmmm&mnmm

Planning process stage? ~ s there additional evidence to support an
enhancement case:
Can a robust selection process be demonstrated in solution appraisal? -yl = e RO bt CaC
c « Selection has looked at a reasonable number of
options?
Can cost efficiency and value be evidenced through a clear costing process? ~
« Estimates have been made on a reasonable scope
c of work using? relevant cost base
Can customer support be evidenced for an improved levdofseMuaMamongdelivmphnd « Areasonable business risk has been accepted?
presented
Strong Enhancement case eg Resilience/Water Quality/Regulat

Figure 33, decision tree used taleterminethe categorisation of our priaty schemes across our base and
enhancement programmes
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3. Solution appraisal and costing of our plan

Optimisation of our
investment plan

Systems thinking and
identification of need
Risk and Asset Modelling @

Having described howe have identified our investment needs adinitial view of potential investment solutions
throughsectiors 1 and 2 we set out below the steps we have been througtdweelopmaturity acrossll of our base

and enhancement solutions, along with associated cost and value. We do this to ensure we are driving cost efficienc
our investment proposals for customers, and that we are able to demonstrate wheoptimeal value will be achieved
utilisingour SixCapitalssaluationframewolk thathas been developed to align with our customer prioritiescurd
Performance Commitment¥hisframework is outlined in detail Bection 12, and serves to ensure consistency in our
valuation approach acrossultiple investment types and constraints

Our process in achievinigig core objective of a rolticost and valuatiois a thorough onagcognisinghe importance
of utilising historical deliveigosts whergracticable, but also in engaging with industry expettissnsureappropriate
useofO2 340G Y2RSEf Ay 3 PEIAEK AQ 2LdNNE BSBe&na. 2b#loR(FRhigHaSgRen lis/a level of
certainty in our costs that is aligned with the level of complexity andsssiciated with our investment&ccodingly, ve
assigned cost confidence grades to all investment needs and solutions to ensure we could quantify the levels of
uncertainty in our investment optimisation outputs.

Level 1, 2 and 3 costing estimation

Throwhoutour costing approach we refer to Level 1,2 and 3 costs as we havedye#ising detail and complexity into the
composition and accuracy of the costs in line with solution desigacapeé maturity.

Level 1¢ High level costing approadtistoric tend analysis Y R SEGNI L2t F A2y @I fARFGSR 0o
Level 2¢ Improved scoping information availalgléligh level costing approach adopted supported by botiigneosting using
quartities and rates where available

Level 3¢ More granulainformation available High level of costing approach adopted supported by botipnaosting using
guantities and rates where we can improve the cost accuracy. Undertaken Opex Costing and Whole Life Costing and Cai

3.1 Phase I Initial outline cost andvalueassessment

Following completion of the zonal studiesr aim was t@roduceafirst draftof thesepriority needs with a londist of
unconstrainedolutionscaptured withinour Investment Planning System, Copperté2@ This phasef our build was
designed to allow us to useir captured solution® begin to test our investment planning framework amgarticular,
our ability to use the Copperleaf system. Further, it allowgetb begin engagement with our supply chastablisting
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workflows the typesof investment requiring cost and valardalso ourcosting specificationgfor examplecost base
year of 2022/23)necessary for use in the system.

Our supply chain was mitibed to carry out an accelerated process of costing across the whole, unconstrained plan
through a Level 1 and 2 costing estimation effitS did this for our base capital maintenance plan at productign site
OSM for our surface water reservoirs apdvice reservoirand Aquacompleted thidor the remaining parts of odrotex
plan.

To complete the Phase 1 process,then developed a set of Problem Statement TempléB&T)o facilitate this
process, used to effectively captutatato supportquantification of risk, athanunderstanding ofhe significant
investment drivers in terms tfie SixCapitals value frameworknnex7.2.2 provides an example afPSTised for this
purpose.

3.1.1Initial plan validation

With Phase 1 cost and value estimations compéetd,a functioning investment planning system in place, we moved
through a validatioprocesswith the wider business test early outputs in terms of preferred soluticarsd sensitivity in
the value framework and associated parametfsdxampleour appliedDiscount rates anwillingness to Pay value sets
¢ seesection4.2 for more on uncertainty and sensitivity testing of our plaure 34, below, defines the steps we took
in ensuringa level of understanding and sense checking of ourgsldrassociated cost and valundts early stages

This validation includeditial cost & benefit estimatéstep 4in figure 34), whichwas then applied in rapid fashion to
each option in the londist, allowing us tgain insightvith our first planoptimisationscenariosvithin Copperleafbased
on value and total capex constraints alone.

This activity informed early Board and Seh&adershipffeam(SLTJeview sessions, as well as providingnéial

indicationof the plancompositionto customer research teanfier customer testingThis link through to customer
engagement was a recurrent theme through the development of ourqdaesection 3.23 for further detail.

46



SSC3Dur Asset Management approach to beslue investment planning through 202630 and beyond

Outputs from initial stage of solution cost and value

exercise - understanding of initially preferred solutions Phase 1
from stakeholders and through early use of Copperleaf

NPV results

Solution Validation

Phase 1 unconstrained solution list
subject to wider business validation
and sense check

Customer priority validation
Solutions reviewed against customer
preferences ahead of final plan
acceptability testing

Regulatory requirements

Solutions reviewed against known
regulatory undertakings and submissions

eg WRMP, DWI and EA

Outline Cost Benefit appraisal
Solutions uploaded into Copperleaf
system with initial Level 1&2 costs and
Internal Board engagement .
N ) ) value. Customer Willingness to Pay value
Initial Board discussions on shape and sets utilised to perform first pass CBA
affordability of plan given outputs of

Copperleaf scenario modelling

within initial optimisation scenario

Phase 2

Consolidation of outputs from steps 1 to 5 above into
refined set of solutions filtered into Phase 2 costing
estimation process

Figure 34 - our validation process demonstting the movement from initial outline cost and benefit assessment
detailed assessmenn phase 2

3.2 Phase Z; Scopedevelopment and detailed cosappraisalof our investment
proposals

Having developed the initial shape of our plan through Phase 1 cost and value estimation, and having subjected the |
to validation as outtied infigure 34 above, we weré¢hen in a pogion to execute a detaileBhase Zpproachwhich
built on the level of detail around our set of filtered and validated solutions.

Ficure 35 steps through this procesdeveloped with Aqua ConsultirBeginning with a refresh of investment need
throughtheuseofil KS t { ¢ Q& ¢ Aitiihgn stepshrquéhkaufioR & digienda longlisingand Multi Criteria
Analysigprocessbeforethe production of a resulting shortlist. The final steps outline how these shortlisted options are
subject to a Level Gosting effortwith increasingcopecomplexity following which we have also benchmarked through
engagement wittGardiner & Theobalth ensure confidence in our costed programmes.

We were clear in our need for internal assurance and governance through this process in
working with third parties supporting the costs and value in our. plan

This took the form of gateway sign oféetings at key milestone stages, with the Asset Management team l&ading
both this area and also in any Request for Information éR&iHg through each stagél/e also set out clear quality
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guidelines wh our partners to ensure consistenagd useallity of the cost and value outputs forming a core part of our
base and enha&ement programmegnnex7.2.1 provides details of the Quality Plarocessput in place with Aqua
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consultans demonstrating the overarching process governance and deliverables.

Validated
Phase 1 outputs

Figure 35,2 dzNJ RSGF A f SR Wt KI &S

value

Need Verification

~
1

1.1 Review of need
outputs from zonal
master planning

1.2 Review Problem
Statement Template
and Initial Preferred
Solution

1.3 Establish key
stakeholder group to
facilitate detailed
solution costing &
benefit estimation
phase (2-5)

2 ,

2.1 Capture longlist of
options inc. Grey &
Green solutions where
potential

2.2 Develop initial high
level costing of options
(+/- 50%)

2.3 Hold workshops to
consolidate longlist
options to be incuded
in MCA to determine
viable shortlist options

Multi Criteria
Analysis (MCA)

Detailed Cost
Estimation

Value generation
and Copperleaf

Solution input

2 O 0O

3.1 Establish core MCA
scheme assessment
criteria with
stakeholders

3.2 Establish criteria
weightings and
alignment with
Copperleaf H20
investment planning
system

3.3 Workshop to optioneer
longlist solutions in
context of MCA
framework to
determine shortlist

4.1 Further workshop to
develop shortlisted
solution engineering
scopes and outline
design

4.2 Consideration of
Adaptive planning
criteria

4.3 Agua costing
estimation of solution
designs at Level 3*
complexity to +/-20%,
inc. Carbon estimating
tool.

4.4 Cost Estimation
Template produced,
with risk assessment
and project phasing

3.2.1Long listing andMulti Criteria Analysisn decision making

Longlisting

The Green Book, Central Government Guidance On Appraisal And Evaluation, Published by HM Treasuigtés 2020, s
S (i alaiging thigoptioriso f S
K2NIfAadoQ

Y2y 3t Araid
FNI YSG2N]

Both our longlisting and shortlisting processes, highlighted through stepsfiziure 35 above adhere to the principles

of option appraisal and evaluation in the Governments GBssrk. This guidance is also rooted in effective asset
managemenpracticesaround investment planning and decision making, and we set out in the design of our Phase 2
process a longlisting and MCA based selection framéilterkhat encapsulates theseipciples to support our decision

making.

NEFTSNAE (2
TAfGSNI 6ST2NB

0KS AYyAGALFT X
aSt SOGAy3

gARS

a
u K a

5.1 Workshop to generate
value against 6 capital
metrics for costed
solutions - Copperleaf
Value template
completed

5.2 Feasibility Report
produced for each
solution detailing steps
1-5

5.3 Solutions uploaded into
Copperleaf H20 asset
investment system
complete with phased
cost, carbon impact and
value against 6 capital
framework

H Q AQ@adnsufindy toldNEBlIdp@udich scOple, NdsTaiR
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In conjunction with Aqua, evset outa number of factorfor consideration in our longlisting approachyering steps 2
and 3 infigure 35, namely;

Constraintsand dep@&denciesaroundthe investment need

A set of solution categories

Agreed MCA solution assessment criteria and associated wejgiiiimged with known customer preferences
A set of adaptive planning considerations

Final sign off process feolutions to proceed tehortlist stage

arobdE

Following the first step of reviewing the PST documents and establiskargiag group of stakeholders relevant to the
investment need, the longlisting process began with a high level look at any external constraints and scheme
dependeries that may have previously been omittedption analysis. We considerady regulatory, legal, lamtyhts
and wider social acceptability consideratioRgrther, we took time to understand any potential dependencies that
investment solutions may havedn subject tothat is, any infrastructure ather investment solutiofunding that an
option is reliant upomo be successful but not necessarily within the control oktilation in question

Critical to the success of tipeocess wa@ thenobtainng agreemenacrossstakeholdersn terms of specific solution
categories foconsidered optionsshown below iable 7.

Longlist Solution Category

Manage Demand

Manage operation or use of the existing asset or
service

Maintain the existing asset eervice

Replace the existing asset like for like

Enhance/upgrade the existing asset or service

Mothball/dispose of the existing asset or service

Create/acquire a new asset or service

Table7 - solution categories utilised foltonglisting

3.2.1.1MCA solution assessment criteria

Wealso collaboratively agreed tiheost relevant MCA solution assessment critéré covered a broad rang# factors
(figure ) andagainst whiclassociated weightings weatsoagreedand applied in terms of their materiality to the
outcome of the finascore and ranking of a given option.

Unportantly, we considered customer feedback through our engagement channels in assigr
the MCA assessmeatiteriaweighting,ensuringappropriate representation of their
preferences in thisinitild OKSYS &84St SOGA2YyY LKIFASodQ
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Figure 36 - MCA longlistsolution assessment criteria and sutategories utilised fotonglisting

The example ifigure 37, below, ilustratesan example of solution assessment criteria and sub criteria in context of the
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ABILITY TO MEET PROJECT DRIVERS & PROVIDE A LONG TERM SOLUTION TO
REGULATORY COMPLIANCE SsC

Construction/
Buildability

H&S in
Operation

DELIVERABILITY CosT

Failure Risk
problem Business
Resolution Acceptability
Catchment
Resilience
Regulatory
Complexity
Existing Asset
Performance
Technology
Development
Status

Client
Acceptability

N>

Land usage,
access,
amenity and

engagment

Complexity

Resourcing

1-5 scoring framework and allocated weighting of that criteria.

—Idﬂ

Ability to meet project
drivers and regulatory
compliance.

Environmental

Impact
Net Zero
Carbon
Capture
Natu,-a,
Capita) Biodiversity
Impact

Capex
Whole life

Opex
Whole life

certainty is there that the option will
deliver the benefits required?

Solutions Criteria Sub Criteria Description
How complex will this opfion be to ; P o .
3 y § Higher complexity than| Largely in line with Improvement on
Rag Jaxity ?
uiatory Gompl reguiate as a soluhop. (e.g. wil : current solution current process current complexity.

there be a complex licence/permit).
\Will the option address the

Problem Resolution obligation identified? How much Not Certain Certain Very Certain

Existing asset performance during
(Construction

How do existing operations
maintain performance during
construction phase.

Integrated assst
requires shutdown,
123, standby pumping
etc

Some dependency on
upsiream assets

Stand alone asset

Failure Risk

o PTToTT TS

future external factors/pressures,
=uch as water quality, climate
change and political and legislative

~hanngco?

TOTT T T

Significant risk present

Moderate other risk
present

Very Resilient

3%

Figure 37, exampleof the scoring matrix within our MCA approach

Table8, below, outlinesthe adaptive planning considerations reviewed at longlisting.grbuping an@ssessment,

along with thecosts developed through Phassupporteda thorough appraisal of the rele¢i merits of each solution
ahead of full workshop review against the solution assessment criteria
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General Site Requirements

Climate Change

Regulatory Shifts

Demand

Technology

Unique Regiona

| Factors

Idiosyncrasies of sites that should be considered when planning to design
horizon. This can include the process set up, history of assets and performance
and other unique factors.

When projecting future demand and requirements, a conservative view should
be taken on potential impacts of climate change. E.g. future water shortage,
increase flooding etc.

License and permit conditions and anticipated changes should be incorporated
into the design of any treatment or quality scheme.

Future changes in demand profiles and known/predicted development in the
affected area should be incorporated into all design capacity.

Changes and advancements in technology should be anticipated and
incorporated into asset selections and comparisons.

Conditions and variables unique to the South Staffordshire should be factored
into all detailed solutions, taking into account regional conditions. E.g. industrial
legacy, Cambridge Water.

Table8 - adaptive planning considerations at longlisting

3.2.1.2MCA scheme selection process

With a defined MCA framework in place,
stakeholders were then encouraged to think 3) were also considereid addition to the scores,
broadly in determining the full longlists of

options associated with the investment need

With Phase 1 costs also in plaaed
weightingsof MCA assessment categories
agreed stakeholders were sent information
pads toreinforcethe longlised options and

produce individual rankings against assessm = sysem

Multi Criteria
Analysis (MCA)

before a ranking was produced, and
collaborativelyagreed selections for

3.1 Establish core MCA shortlistingas outlined iriigure 33, below.

scheme assessment
criteria with
stakeholders

This process was carried out across all

3.2 Establish criteria

Adaptiveplanningfactorsand carbon impacts

weightings and investment needs and incorpating all of the
it longlisted solutions generated through our

investment planning

master planningrocess.

criteria. Following this, @orkshop was carried . werkshop o optioneer
out for eachinvestment needand relative
scoring agreefbr each solution against the

S Shortlisted schemes then proceeded through
R the Phase 2 detailed solution and costing

Technically Feasibility Deliverability Cost Selected
Total For
Technology . . Client Weighte | Ranking | o, et
Construction/ H&S in - . . d Score -
Development . L . Acceptabili| Resourcing | Complexity| Capex Opex Solution
Buildability Operation
Status ty
Option Description/ Weight 0.15 0.10
Do Nothing 3.00 3.00 U 0 RO 5.00 5
New Duty/Standby Low-Pressure UV 5.00 5.00 4.50 5.00 5.00 4.00 1 Y
New Duty/Standby Medium-Pressure UV 5.00 5.00 4.00 5.00 5.00 4.00 3
New Duty/Standby LED UV 3.00 5.00 5.00 5.00 4.00 4.00 2 Y
New Duty/Standby Ozone System 5.00 4.00 4.00 3.00 3.00 3.00 4

Figure 8 ¢ example ofscored MCA criteria and weighted score for shortlist decisimaking

51



SSC3Dur Asset Management approach to beslue investment planning through 202630 and beyond

3.2.2 Costing of our shortlisted options

Whilstthe Phase 2 costingqresss clear in its objective to develop maturity in solution design and scope as far as is
practicable, we also recognise thaauny of the projects contained within gproposed programmare in the early

stages of the project life cyclaith detaileddesign informationsurveys and investigations still to be carried @g.took

the decision to engage directly with an engineering consultancy to ensure options and costs could be developed robt
and efficientlyusingmature costing models and external expertise. We also benchmarkedjeonstsited to establish
confidence in the shortlist costing estimation outpgthis benchmarking process is outlineg@attion 3.2.23.

So weappointedAqua Consultant® lead on oulPhase Zhortlistcostingestimation processvho used a parametric

cost modelled approacsupported by bottorrup costing where it was not possible to use a modelled apprégai.
consulants have a wealth of data in databases that consist of actual outturn costs within the water industry that inforn
their cost models. Where necessary, third party companies were consulted to get exact quotations for bespoke
equipment or solutions.uahave also been involved in benchmarking exercises fiwatn previous work they have
completed

Parametric cost modellingasvidely recognised approach within thater Industry to enableompaniego pricetheir
capitalinvestment programmes as part aide ReviewsubmissionsWhere we have identified specific asset

interventions for AMP7 and there is relevant historical cost information for delivering similar work, this was used this t
cost individual projects within the business plan. Many of the assets delivered acrssstonare similar and therefore

it is appropriate to utilise this approach at the early stages of a projeaindésstoodthat this approaclsnot be
appropriate for all items of work, and this is where a bottgrapproach was used. This is basedsing standard
estimating principles, quantifying work and applying framework rates or labour plant and material rates, to calculate tl
cost of the works items.

We costed the works under three cost headinggth an objective in our shortlisting of actirey +£20%accuracy on our
costing estimation outputs

9 Direct Works CostsThe construction works in providing new assets, upgrading, modifying and repairing existil
assets. This includes the labour, plant, equipment and materials.

9 Indirect Costs Theconstruction indirect costs are associated with the direct construction works, which do not
form part of the works or service. These costs include the following:

o0 Preliminary / General ItengsMobilisation, Site Compound, Site Accommodation, Site Storagerdb
Site Plant not included in Direct Works, temporary Works, Investigations and testing & commissioning

o Contractors Project/Construction Managemetroject Management Pre and Post Construction, Costs
associated with CDM, Site Supervision, Site Bgchraining, Public Liaison, Instrumentation and Setting
Out.

o / 2y i NI OQ§RisKkIwihed it tontractor.

o / 2y i NI Ol 2 Dign wariScaried gut by the contractor, investigations and surveys at feasibility
outline and detailed design.

1 Project Costg Costs outside of th€onstruction contractsncludngconsultant fees, project management,
client overheads, legal costs, associated operations andtorporate overheas!
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Direct Works

Parametric costnodelswere usedor direct works for similar comparable work across thaterindustry. Taking actual
historical project cost data, they assign to assets to form a costed work breakdown structure, and capture against a ¢
yardstick. The yardstick is decided based on the most infilisize factor that decides the overall cost of that asset.
Aquathen usel cost datafrom experience across the water industnthout exclusion for regiai varianceas the costs

for direct works are comparable. These costs are updated to a commqr2dag#2023using CPIH, as advised by Ofwat
in PR4 as the best indices to reflect inflation in thvaterindustry. The costs for each asset are plotted against the
assigned yardstick to generate a trendline formula. It is this formula that is used to estimate the project costs, where 1
project scope identified the yardstick value for the assets for conistruct

Aquausecost data from across the UK and from AMP4 up to and including AMP7. When revising their cost models, tt
review data from over 5 years. If the older data does not fall in line with the recent cost data after adjustment for date
then thisis excluded from the parametric cost model. The datludes both large and smaller water company costs
whichreflectsthe different scale of work seen across the industry.

Indirect Cost

Indirectcostsare split fromthe direct works costi& our estimatn breakdownas these are generally influenced by the
amount of direct works being carried otitis results itarger, more compleschemeaallocated a loweproportion of
indirect works costs, than that of a smaller scheme. Aqua adviseal thadlelledpbercentage increasen direct costs to
elicit a more accurate indirect cost was the most accurate approach to take, refibetimigdustry experience on direct
and indirect cost splits acrogarying scales of scheme.

For our PR24 Costing Aqua devetbgd#ferent modelled indirect cost percentage for infrastructure and non
infrastructure as their indirect costs are very different between the two workstreams. This allowed for the adjustment «
oncosts depending on the value of direct works costs. lappopriate to used different indirect cost percentages for
infrastructure and no#infrastructure work for various reasons, such as the site sehdprojectcommencemenbn a
treatment worksbeing wholly different to that on the distribution network atample or that contractor design is

carried out on alifferent scaleand thatcontractor management and supervisican be variable within specific working
areas.

To develop the indirect models, the direct works costs for projects in each work stezarpletted against their indirect
cost percentages. A trendline formula was produced and used to make the indirect cost allowance in puajéiR24
costing.

There can be variances in these percentages between water companies as this would depeatianatiom of costs in
Direct Works and Indirect Works. For this reason, the indirect works cost percentages become specific to the direct w
cost models, and if we were to adjust one, it is likely to have an impact on the other. We had considerd@dgtimelse
however, this would not allow e make adjustment for the size of projects.

Project Oncosts

A flat percentagef 14%was used for the Project Oncosts allowance in our estiragten through consultation and
agreement with Aqudnternally enchmarked againstur average oncostctual spends withiour historical dévery
costsand captured within our Oracle accounting system verified an acceptable oncost percentagbe applied by
Aqua appropriate to ousize and structure, and efficiey targetsWe have centralised overheads and own work
capitalised costs into our programnmethis wayto ensure consistency in approach and to support an ongoing
understanding of the expenditure required to deliver our proposed programme.

An example of [j dziCd@3tEstimation Template (CET) outpen beseen inAnnex 72.4, evidencinghow we
captured the above costs for usggainst our shortlisted options.
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Opex Carbonand WholeLife costing

The pexmodelsutilisedas part of the Phase 2 costing prodeage been produced in line with thaggxmodels and
will calculate the change in OPEX costs that the scheme will d&tiuerindustry benchmarkedpex costs were applied
as the relative change in Opex delivered by the solution. This was captured across the following ¢categories

- Chemicals

- Labou

- Maintenance
- Power

- Rent & Rates
- Other Opex

Consistency checks were made acrossage and enhancement investments were carried out internally, along with a
benchmark aginst those costs heldithin our Oracle accounting systéar similar investmentypes.

The Phase @etailed estimations also included the generationmérational carbon impacts of the schemes being
appraised, modelled through Adq@&arbon estimating toddased ortheir reference database of knovactual project
carbon achievement®r similar asset types.

To complete the costing assessment, and ensure readiness for inclusion within the CBA approach within Copperleaf
we captured whole life costs across our baseantthncemenprogrammes based aasset life and established
maintenance and replacementiads. Where possible weerformed consistency checks against our-mfrastructure
model outputs(section 1.6.2to support accuracy in whole life costing.

Category Cost (£k)

CAPEX Direct Costs® 1,110.50
Change in Annual 163.85
OPEX Cost

222.10 888.40
Project Start Year 25-Apr
(where available)
Whole Life Cost *** 1,496.85
Benefit to Cost Ratio 21.47

Table 9¢ example summary table oPhase 2 Totex outputs
Governance

Both Phase 1 and Phas#2luded all completed estimates being checked and approved internally before issue to the
Solution Development Team. These estimates went through a further checkingspgoeéare options went into the
selection processlie also set out clear quality guidelines with our partners to ensure consistency and useability of the
cost and value outputs forming a core part of our base and enhancgmurammesAnnex 72.1 providesdetails of

the Quality Plan put in place with Aqua consultants demonstrating the overarching process governance and deliverat
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Aqua Consultants undertake various project benchmgrikercise for a number whter companies throughout the

AMP, and their cost data is regularly checked against the industry, which allows them to review and adjust their mode
where necessaryn our extensive engagement with Aqua, mave ensured thdhe costs underpinning our plan are

robust. We have done this by using the most detailed costing approactiesd abovewith the highest level of

certainty for our most complex and material investmegttsis includes, in particular, our enhancementrgghe=or our
Y2NB WodzaAySaa +a dzadzftQ OGABAGE 62dz2NJ 61 aS YFAYyGdaSyl
overall expenditure, we have tended towards using the costs of recently purchased or undertaken works and modelle
costs. Tis has given us a level of certainty in our costs that is aligned with the level of complexity and risk associated
our investments. We assigned cost confidence grades to all investment needs and solutions to ensure we could quar
the levels of unagainty in our investment optimisation outputs

3.2.2.1S0lution cost risk

Riskwas appraised for each shortlisted solution in terms of gedeliafery site based rignd then specific known risks
around the solution being develope@ctoring in an optimism kién acknowledging the HM TreaguBreen Book
guidancen assigning a project risk allocation.

Figure 3, below, provides evidence of themer, with adetailedrisk component breakdown carried out for all
shortlisted projects as part of tlwverall solution cost estimatioA. RAG process was used duthrggshortlisting
workshop stage, drawing on information gairledugh solution scope maturatiodirectly fran stakeholders in these
sessions, and also frodetail captured through the earlier P&velopment phasdor exampldrom siteschematics
highlighting complexity giroposeddelivery sitesnd associated technical risk items.

Option 1 Option 2
Possible Delivery Risks / Areas of Uncertainty (All Asset Types) Upsize Exisitng x-connections Justificotion (med/High) Lay new 400mm pipe
Contaminated land Low Low
5551 locations N/& N/A
Seasonal habitat removal N/& N/A
Low depth of cover / shallow bedrock Low Low
Major road closures Medium Road closure req Medium
Proximity to sensitive locations limiting access times e.g. schools, hospitals etc. Low Medium
Lozs of revenue for busineszes Medium M wil lead .fo disruption fo Medium
businesses
Presence of third party utilities, electric, gas, telecoms etc. .
utilities
Requirement for river, road or rail crossings /A Medium
Easements N/A N/A
Land ownership N/& N/A
Land purchase N/& N/A
Electricity supplies N/& N/A
Construction vehicle access Medium Norrow roads Medium
rchaeology NJA N/A
Flooding Medium Dependant on fime of year Medium
(Ground conditions NJ& N/A
Ground slope NJ& N/A
Security requirements Medium Medium
Shut down impacts shutting the main is not an option
Temporary bypazs facilities Medium Required for cross connections Medium
Reliznce on existing assets (isolation valves, pipework etc.) Medium Existing Valves require testing Medium
X B winter should be avoided due to river|
Seasonal operating windows Medium Medium
levels

[Constrained space on site Medium work in narrow roads Medium
Existing 3rd party utilities / pipelines N/&
Electrical capacity N/& N/A
Proximity to stored chemicals COSHH N/& N/A
Asbestos in ceilings, tiles and equipment N/A N/A
Equipment absalescence N/A N/A
Unseasonal weather NJA N/A
Legislative change (interface with adaptive planning criteria) NJ& N/A
Planning NJ& N/A
(Ground water/proximity to watercourse Medium Unknown ot present Medium
fbandonment costs N/A N/A
'Welfare facilities Medium no nearby facilities Medium
Interaction with Rail N/A N/A
High pressure system I 10bor | he

Figure 39 - an example & the generation of solution risk capture, developed through Phase 2 and reflected in
shortlisted cost outputs
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3.2.2.2WRMP and WINEP costing process

We recognise that there are a number of schemes in our proposed enhancement programme that are driven through
requirements from both the WRMP and WINEP plans that we are submitting to the EA for investment iNeddP8.
solution and osting approaches for these schemes are detailed immoendix,8SC36 Evidencing our enhancement
expenditure in 20252030 Within saidappendix we draw attention to the following sections tleddte todistinct

costing approaches used to ensure costing efficiency across these areas;

1 Section 2.1.6¢ WRMP Supply investment f@rafham Transfer main. Costed by Atkisisg the VRC TR61

costing tool.

Section2.2.6¢ WRMP Water Efficiency. Costed by Artasiag a database of benchmarked costs.

Section 2.3 and 2.3.6¢ WRMP Smart MeteringCosted by Artesind based on current framewockntract

arrangements and forecaattivity in relation to delivering our PCC target.

1 Section 3.1.6¢ WINEP programme. A range of activity costed thrdustiorical EA restoration coattualsand
existing delivery framewogkoviders.

T
T

We have worked witthe range of third parties listegbove to ensure that consistency in approach is achieved where
practicable and consistency in costing component allocation (for example splits between direct and indirect costs)
remain aligned with other cost estimations in our plan.

3.2.2.3Benchmarking
We appointed Gardiner & Theobal@&T)to carry out a review of our costing procesih the objective of our
engagemenbeingto benchmark the accuracy and reliability of the cost estimates provided by Aqua Consulting across

representativesampleof our keybase and enhancement schemé&he process set out by G&Tlset out belovin figure
40, covering four defined stages in building up an assessment to suppartianterked cost.

O Q ° Programme

Benchmarking
preferred options

. Quantity & Rates ‘ Scope exclusions &
inclusions
. Direct/In-directs . Additional feasibility
considerations

Review cost
profile

Review of Evaluation of key

risks

Review of

‘ Constraints review
uncertainty

Operational . Deliverability
considerations

Figure 40 Gardiner & Theobaldost benchmarking process

An example of somaf the cost benchmarking outputs are showrignire 41 below. These point to a positive
reconciliationagainstshortlisted cost, providingconfidencein our submittedefficient and accurate costs.
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RAG Breakdown:

Blue — No action required

+ Green— Minor recommendations to be incorporated (within +/-5%)
. — Moderate recommendations to incorporated (within +/-10%)

Red — Action required (above +/-10%)

Overall Status

Scheme Name

Brettenham & Euston
Boreholes

Cookley Enhancement (UV)

Morden Grange Nitrate

7%

Removal
Barr Beacon Reservoir 12%
Maple Brook Pipeline 3%

** Benchmark variance is the difference between Aqua Consultants cost estimate
and GET comparative estimate.

Benchmarking
Variance (%)

SCHEME SUMMARY

Cost estimate benchmarking (excluding contingency)

(=]
%3]
il
3
<
=
-
o

o m
= =
n n ~ =)
n =] ] ) n wn = =
L 4} @ ™~ ] 3 o o
8 7 - g w
[¥-] =] = b o =) = o
a8 2 g 55
I —
. R —
Brettenham & Cookley Morden Barr Beacon  Maple Brook
Euston Enhancement Grange Nitrate  Reservoir Pipeline
Boreholes {uv) Remaoval

Aqua Consultants  ® Gardiner & Theobald

Brettenham & Euston Boreholes: (+) £30,250
Cookley Enhancement (UV]: (+) £88,700
Morden Grange Nitrate Removal: (+) £29,000
Barr Beacon Reservoir: (+) £1,882,046

Maple Brook Pipeline: (+) £19,000

Figure 41 an example oftost benchmarkingputputs for some of the shortlisted schemes in our plan

Gardiner & Theobald summary findings from benchmark exercise

Methodology and Processthe estimating methodologies and processes employed by Aqua Consultants are in line with in
best practies and standards. They demonstrate a systematic approach to cost estimation at project feasibility. However, f
development of the solution would aid cost certainty.

Data Sources and AssumptioriBhe data sources and assumptions used in the estirhatesbeen appropriately documented
and appear reasonable based on the available information.

Comparison with Historical Data/Industry BenchmarkEhe estimates have been compared to historical project data and ind
benchmarks, and they generally aligell with historical trends and industry norms. However, given the current market trend
recommended that further supply chain engagement is undertaken to improve cost certainty.

Uncertainty DocumentationG&T has adequately documented uncertastassociated with the estimates, providing a

transparent view of potential risks.

Updates and Change&ny updates or changes made to the estimates during the project's development phase were well

documented and justifiable.
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3.2.3Investmentvalue and aligment with customer priorities
3.2.3.1Understanding value in our plan

Havingoutlined our approach to solution developmemd costinghroughout thissection we set out in this seicin how
we have mde a step change inM¥P7 and atPR24 in terms of our ability to understand value inimuestment proposals
and their relative impact upon our Performance Commitment tardetd we do this througbur SixCapitals value
frameworkthat allows us the ability tdefine value in a way th& bespoke to us araligned with what we know our
customers want to see from oumvestmentplanning All stages of our business planning process have been aligned to
this framework, allowing us to compare the relative benefits of risks, needs, schech@sojectsacross a consistent
platform.

l."”i Social capital E Financial capital

Priority service for vulnerable customers Environmental benefit Compliance penalties
C-MeX customer experience Operational carbon Investment cost (capex/opex/totex)
D-MeX customer experience Embodied carbon Water quality compliance
Employee and contractor safety Water leakage* Priority service for vulnerable customers
Unplanned outage* Per capita consumption Cumulative spend per AMP period
Water quality compliance Low pressure* —— .
M Manufactured capital

Risk of severe restrictions in a drought Pollution

Water supply interruptions*
Public perception benefit Biodiversity

Mains repair*

-~ ' 4

“ Human capital 'Q Intellectual capital
Employee experience benefit Improved plan execution

Our Capitals value frameworkaligned withour Performance Commitments for AMP8

In establishingur Six Capitalsamework, we hadour key principles in mind, drawing on learnings from recent AMPs
andenabling us tp

- create consistent valuations and centralised management of the capital allocation and asset manageme
functions of our business;

- improvecommunication between our operations and asset management teams to help the business
understand whiclinvestments have been taken forward asildy;

- strengthenourdzy RSNER GFyYRAY3I 2F GKS tAy 1 pan§isSSy t/ Qax

- allow both Price Review andperiod investment programme managemgernabling investment decisions
to be tracked and updatedhyeaning our decisiemaking is more agile

These measures were directly informed by our customer engagement research and Willingness to Pay (WiH)estudies
generation of a well understood value framewadkteres to the UKWMommon Framework best practice for capital
maintenance planniri@nd the subsequenty KWIR Framework for expenditure decisiakingdn justifyingT otex

funding requirements. That is, founded on4isised principles so that capital maintenance is justified on the current anc
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future probability of asset failure and the réant consequences for customers, the environment and water service
providers, including the costs arising.

To define valugfor every solution we enter intGopperleafwe appraise a prvestment and posinvestment position
for both Totex costs anasrice benefitsagainst one or more of the Six Capitatitising a series of questionnaires and
modelled inputsEach of the Six Capitals contapecific value models which requitéfering types of inputs to enable
the calculation of value ovéme.

The pe-investment positiorprovides an assessment of the risk to service prior to the investment, representing t
level of service risk that the business will be exposed to if the proactive investment does not go ahead. It also
into accountthe fact that should asset failures occur, then the asset will never remain in a failed state and that
remedial action (usually Opex) will be undertaken to restore the asset to service within a reasonable time fram

The st investment positioprovides an assessment of the residual risk to service once the investment has bee
undertaken.

Figure 44llustrates the effective
value function principle with which we
guantifyvaluewithin each value
modelof each of the Six Ciagls.

Through the implementation period at
PR24, we took the decision to

enhance our value framework to
ensure the inclusion dhree new
models- Pollution Floodingand
Biodiversity within our Natural
Capitalvalue rangeThis was done
following cusbmer engagement

around priority investment areas and
alsog A UK |y dzyRSNREUII
common PC framework requirements.
The Six Capitals framework has been a
step change in our ability to define
value compared to our PR19

framework, inthe breadth of value models and in its simplicity of use and understanding. And we have been able to
better engage stakeholders through its use in promoting the understanding of value in our process and thktyratter
work they have been involved in to support the risk and modelling input that feeds into the value assessments.

With a comprehensive framework in plaeed the rich depth of datsecured through our risk elicitation and modelling
outputs aligned with the framework, we were in a strong position of beiaddosalue to our costed shortlist
investments from Phase 2 of the costing estimation process. Each value model wiBiinGpé#als required a defined
type of input through questionnaires and modelled inatgenerate the value profile in the system.

Figure 43provides two examples of the inputs requiredyemerate value against a number of the@iGas in our
framework through the use of the water supply interruptions and water quality compliance value models.
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