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Notice

Position Statement
e This document has been produced as the part of the process set out by RAPID for the
development of the Strategic Resource Options (SROs). This is a regulatory gated
process allowing there to be control and appropriate scrutiny on the activities that are
undertaken by the water companies to investigate and develop efficient solutions on
behalf of customers to meet future drought resilience challenges.

e This report forms part of suite of documents that make up the ‘Gate 2 submission.’
That submission details all the work undertaken by Thames Water and Affinity Water
in the ongoing development of the proposed SROs. The intention of this stage is to
provide RAPID with an update on the concept design, feasibility, cost estimates and
programme for the schemes, allowing decisions to be made on their progress and
future funding requirements.

¢ Should a scheme be selected and confirmed in the companies’ final Water Resources
Management Plan, in most cases it would need to enter a separate process to gain
permission to build and run the final solution. That could be through either the Town
and Country Planning Act 1990 or the Planning Act 2008 development consent order
process. Both options require the designs to be fully appraised and in most cases, an
environmental statement to be produced. Where required that statement sets out
the likely environmental impacts and what mitigation is required.

¢ Community and stakeholder engagement is crucial to the development of the SROs.
Some high-level activity has been undertaken to date. Much more detailed community
engagement and formal consultation is required on all the schemes at the appropriate
point. Before applying for permission Thames Water and Affinity Water will need to
demonstrate that they have presented information about the proposals to the
community, gathered feedback and considered the views of stakeholders. We will
have regard to that feedback and, where possible, make changes to the designs as a
result.

e The SROs are at a very early stage of development, despite some options having been
considered for several years. The details set out in the Gate 2 documents are still at a
formative stage and consideration should be given to that when reviewing the
proposals. They are for the purposes of allocating further funding not seeking
permission.

Disclaimer
This document has been written in line with the requirements of the RAPID Gate 2 Guidance and to

comply with the regulatory process pursuant to Thames Water’s and Affinity Water’s statutory
duties. The information presented relates to material or data which is still in the course of
completion. Should the solution presented in this document be taken forward, Thames Water and
Affinity Water will be subject to the statutory duties pursuant to the necessary consenting process,
including environmental assessment and consultation as required. This document should be read
with those duties in mind.
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1. Executive Summary

1.1 Estimates for base capital cost, costed risk, optimism bias and operational cost are
summarised in Table 1-1. which also provides a comparison to Gate 1. It should be
noted that the Gate 1 values have been adjusted to a 2020/21 cost base to allow for
comparison with Gate 2.

Table 1-1 Cost estimates (2020/21 cost base) for LTR option and comparison to Gate 1
equivalents

Option Benefit MLD 50 100
Capex (20/21)
Base Capex f£m 278 334
Costed Risk £m 47 63
Optimism Bias fm 43 58
Total Gate 2 Capex £m 368 455
Total Gate 1 Capex £m 140 221
Change G1 to G2 % 162% 106%
OPEX (20/21)
Gate 2 Fixed fm/annum 0.5 0.9
Fixed: G1 to G2 % 37% 27%
Gate 2 Variable £/ML 96 96
Variable:G1to G2 % 0% 0%
1.2 Net Present Value (NPV) and Average Incremental Cost (AIC) has been estimated for

the LTR working solution using the ACWG standard methodology, based on HM
Treasury Green book with a declining schedule of discount rates (HMT Green Book:
Annex 6, Table 8) and an 80-year assessment period. Estimates for the NPV and AIC
for the LTR working solution are provided in Table 1-2.

1-6
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Table 1-2 NPV and AIC estimates (2020/21 cost base) for LTR working solutions and
comparison to Gate 1 equivalents

Option Benefit (DYAA) MLD 50 100
Total planning period benefit Ml 340,000 680,000
Total planning period indicative capital cost (CAPEX

£M 304 380
NPV)
Estimated Utilisation *
Total planning period indicative operating cost

p ing period indicative op ing . e .

(OPEX NPV)
Total planning period indicative total cost (NPV) £M 327 423
Average Incremental Cost (AIC) p/m3 82 54
Maximum Utilisation (100%) **
Total planning period indicative operating cost

£M 43 82
(OPEX NPV)
Total planning period indicative total cost (NPV) £M 347 462
Average Incremental Cost (AIC) p/m3 88 60
Gate 1 AIC (20/21) p/m3 58 45

Note *  40% utilisation is assumed for these calculations to enable comparison between options: 1 in 500 year deployable output for
365 days / year, and 40% of the estimated maximum variable operating cost, based upon output of long-term water resources
modelling. There is no comparative AIC for Gate 1 as these utilisation calculations were not available at Gate 1.

Note ** 100% utilisation is assumed for these calculations to enable comparison between options: 1 in 500 year deployable output for
365 days / year and estimated maximum variable operating cost.

1-7
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2.1

2.2

2.3

2.4

2.5

2.6

2.7

Introduction

This report summarises the methodology and results of the costing assessment for
the Lower Thames Reservoir (LTR) option of the Thames to Affinity Transfer (T2AT)
Strategic Regional Option (SRO) scheme. The approach has been developed in line
with the All Company Working Group (ACWG) guidance on cost consistency.

To ensure a degree of consistency across the different SROs, the ACWG has provided
guidance and a spreadsheet template for capturing the Quantitative Costed Risk
Assessment (QCRA) and calculating Optimism Bias (OB)?.

This report should be read in conjunction with the Technical Supporting Document
(Ala) - Concept Design Report which details the working solution and assumptions,
upon which the costs are based. These reports are supporting documents to the Gate
2 submission to RAPID for the T2AT scheme. The list of documents that make up the
submission, along with a short synopsis of the contents may be found in the main
T2AT RAPID Gate 2 report.

Capex and Opex estimates are based on 2 sources.

Bottom-up costs for most civil components including the pipeline.

LRMC cost curves for items not captured via the bottom-up costs, primarily
mechanical and electrical process components where limited bottom-up data
was available. Cost curves are derived by Affinity Water and incorporated in
their Long-Range Marginal Cost (LRMC) tool.

Net Present Value (NPV) and Average Incremental Cost (AIC) have been derived from
the Capex and Opex estimates using the standard calculation template provided by
the ACWG. NPV and AIC have been calculated for 100% utilisation and the current
Estimated operational utilisation scenario for the assets.

Note that this transfer option is dependent on the South East Strategic Reservoir SRO
implementing upstream infrastructure to provide source water and Affinity’s
Connect 2050 programme implementing downstream infrastructure. South East
Strategic Reservoir (SESRO) is a separate SRO in its own right. Costs associated with
SESRO are not captured within this report.

Investment profiles are indicative only to facilitate multi-solution decision making
and will be refined at Gate 3.

T ACWG (2021), Appendix A-1 - Optimism Bias and QCRA Template - Rev C.xlsx
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2.1 Scheme overview

2.8 The source of water for the LTR scheme is the River Thames. The natural flow in the
river will need to be supported, especially during drought years, by the South East
Strategic Reservoir SRO (SESRO). SESRO is a pre-requisite for the LTR scheme.

Figure 2-1: Assets and example components

Assets

Existing Raw
Water Source

Raw Water
Pumping
Station

Raw Water
Transfer Main

Water
Treatment
Works

Pumping
Station

Drinking Water
Transfer Main

Existing Service
Reservoir

Components

Shafts
Pumps
Surge mitigation assets

Pipes and fittings

Tunnels at major crossings

e.g. Railways
Chambers
Land purchase
Buildings
Roads

Process plant and
Equipment

Power supply

Communication &

monitoring equipment
Water Storage

Waste treatment and
disposal / reuse

Security
Lighting

Landscaping

2.9 Raw water for the scheme will be
abstracted using the existing Thames
Water intake to the Queen Mother and
Wraysbury raw water reservoirs. These
are part of the Lower Thames Reservoir
system, hence the name of this T2AT
option.

2.10 There is an existing tunnel which
starts from these reservoirs to an existing
Water Treatment Works (WTW). Under
the LTR scheme it is proposed that a new
connection is made into this tunnel, with
a raw water pumping station (LTR-RWPS)
in an adjacent shaft within the boundary
of the existing WTW site.

2.11  Theraw water will be conveyed in
a new buried transfer main (LTR-RWTM)
to a new WTW (LTR-WTW).

2.12 Drinking water produced by the
plant will pass through a storage tank
before entering a high-lift pumping
station (LTR-HLPS) from where it will be
conveyed via a buried drinking water
transfer main (LTR-DWTM) to an existing
storage tank / service reservoir (SR) in the
vicinity of Harefield.

2.13 The delivery point for the LTR scheme is an existing SR which is a distribution hub
within the Affinity Water network. Modifications to the network downstream from
the SR to distribute the increased inflow are currently being determined by Affinity
Water and form part of their wider water resources planning and investment

programme.

2.14 The drinking water transfer main has several major crossings along the corridor
including the A40 dual carriageway, the HS2 railway, the Chiltern line railway and the
Grand Union Canal and other major watercourses that follow the Colne Valley.

2-2
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2.15

2.16

2.2

2.17

2.18

2.19

2.20

Two alternative capacities have been considered for the LTR option which are sized
to provide an increase of 50 Ml/d and 100 Ml/d of average deployable output (ADO)
to Affinity water respectively.

A full description of the option is provided in the Ala Concept Design Report — LTR
Option.

Cost overview

The Total Capital Cost consists of 2 components, the capital cost estimates, and
combined risk as shown in Figure 2-2 below.

Capital cost estimates are based on 2 sources.

e Cost curves derived by Affinity Water and incorporated in their Long-Range
Marginal Cost (LRMC) tool.

e Bottom-up costs e.g. contractor and supplier quotes for items not captured via
LRMC or out with the recommended range of use.

The cost base date in which the numbers have been reported is 2020/21 to align with
WRMP24 requirements?. Option cost estimates presented in this report have not
been factored to present day prices. The estimates presented as Gate 1 were to a
2017/18 cost base which is consistent with the cost estimate data provided to WRSE
for regional modelling in February 2022.

To ensure approaches to quantifying risk and uncertainty associated with resource
option cost estimates are consistent and to allow comparison of options at a regional
level the All Company Working Group (ACWG) has provided a guidance note and
associated assessment template3. Optimism Bias (OB) is based primarily on the
Green Book approach. The template facilitates greater standardisation across the
companies in: determining whether an option is considered standard or non-
standard civil engineering; how optimism bias is estimated / scaled-back; and the
recording and costing of risks. The outputs of the template consist of 2 components,
scaled back OB and P50 costed risk which then form the combined costed risk as
shown in Table 3-1.

22022, Water Resources Planning Guidelines - Water Resources Planning Tables — Instructions, V5
32021, Cost Consistency Methodology, Technical Note and Methodology, Rev E
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Figure 2-2: Total Capital Cost Estimate Process

AFW Cost Curves
Costs

Capital Cost
Estimate

Bottom-Up Costs

Total Capital
Cost Estimate
Scaled back
Optimism Bias
Cost Combined Risk
Estimate

P50 Cost from
QCRA

2.21 The Opex estimates consist of fixed and variable components. Fixed Opex is the
notional annual cost at zero throughput, hence at minimum throughput the
estimated annual Opex would be the fixed Opex plus the variable Opex (expressed
per unit of water produced) multiplied by the minimum flow rate.

2-4
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3.1

3.1

3.2

3.2

3.3

3.4

3.5

3.3

3.6

Capital Cost

Capital cost estimate components

A single LRMC spreadsheet has been completed for each of the following option
components for each flow alternative.
e Raw Water Pumping Station

e Water Treatment Works

Bottom-up Costs have been produced for each of the following option components
for each flow alternative.
e Raw Water Transfer Main

e Drinking Water Transfer Main

LRMC cost

For each element of the components, the relevant cost curve was identified together
with the appropriate input variables, derived from the concept design. This
information was then entered into the LRMC spreadsheet tool to generate estimates
of Capex and Opex.

The power consumption used to calculate Opex has been calculated separately to
enable the application of incremental changes in energy.

The Capex cost base date for the LRMC sheets is 2017/2018. In order that all costs
are reported against the same cost base (2020/21) a Capex inflation factor of 1.1 has
been applied. The Capex inflation factor provided by WRSE has been applied across
all SROs.

Bottom-up cost

Where appropriate, bottom-up engineering cost estimates were made based on (a)
Mott MacDonald’s experience of implementing similar projects and (b) supplier
quotes. Principal items included but were not limited to:

e The shaft associated with connecting to the existing tunnel

e Materials and works associated with the Raw Water Transfer Main and Drinking
Water Transfer Main including any crossing requirements e.g., micro tunnelling
under a railway

e Surge mitigation measures
e Land purchase and compensation
e Demolition and site clearance

e Sustainable drainage system (SuDS)

3-1
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3.7

3.4

3.8

3.9

3.5

3.10

e Remediation of existing contaminated land.

As quotes have been received based on current day prices and in order that all costs
are reported against the same cost base (2020/21) a deflation factor of 0.94 has been
applied to all bottom-up costs. The deflation factor provided by WRSE has been
applied across all SROs.

On-cost

To ensure on-costs for LRMC and bottom-up items are applied consistently, bottom-
up cost items had both client and contractor on-costs added to them whilst LRMC
items remain unchanged. Affinity Water’s LRMC cost curves are based on historic
Affinity Water projects and incorporate ‘all-in outturn’ costs (construction costs,
contractor and client on-costs, realised risk, plus project-related corporate
overheads) for both whole new processes and periodic replacement of individual
assets.

On costs include items such as:

e Contractor on-cost

Staff & supervision

Design

Welfare, offices, services & facilities

- Temporary compounds & access roads
e Client on-costs

- Project / programme management

- Company overheads

- Indirect costs

Summary of Capital cost estimates
The estimated Capex for the 100MI/d and the 50MI/d ADO alternatives, including
OB, are shown in Table 3-1Table 3-1 and Figure 3-1,. Note that all cost estimates are

to a 2020/21 cost base. The Gate 2 Post QCRA adjusted OB value is calculated based
on base Capex costs, excluding land costs.

3-2
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Table 3-1: Estimated Capex (2020/21 cost base) for 100MI/d and 50Ml/d ADO alternatives

ADO Base Capex Post QCRA Post QCRA P50 Costed Total Capex
(Ml/d) (Em) Adjusted OB (%) Adjusted OB (Em)* Risk (Em) (Em)

100 334 27% 58 63 455

50 278 27% 43 47 368

Figure 3-1: Estimated Capex (2020/21 cost base) for 100MI/d and 50MI/d ADO alternatives

W Base Capex (Em) ® Post QCRA Adjusted Optimism bias (£m) excluding land cost ' P50 Costed Risk (Em)

£500
£450

£400

Capex (£m)
m
N
&

£150
£100
£50
£0
Gate 2 Gate 2
ADO =100 (MI/d) ADO =50 (MI/d)

4 Land costs have been excluded from the OB cost calculation.
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4.1

4.1

4.2

Quantitative Costed Risk Assessment and Optimism Bias

Assessment

Approach to Quantitative Costed Risk Assessment and Optimism Bias

A consistent multistage approach (Figure 4-1) to risk and optimism bias has been
applied based upon the approach recommended by the HM Treasury Green Book.

Both Optimism Bias (OB) as a percentage of Capex estimates (excluding land costs)
and costed risk have been assessed to cover the risk of cost increases that may occur
during the development and delivery of the selected option. To ensure a degree of
consistency across the different SROs, the ACWG has provided guidance and a
spreadsheet template for capturing the Quantitative Costed Risk Assessment (QCRA)

and calculating OB.

Figure 4-1: Multistage approach to risk and optimism bias

Stage 1 — Calculate Combined Upper
bound optimism bias, considering
division of option across standard and
non-standard civil

Stage 2 — Pre QCRA-Adjusted Optimism
Bias (%) assessment based on
contributory factors

Stage 3 — QCRA, development of a risk
register and then quantifying the
likelihood and consequences

Stage 4 - Post QCRA Adjusted Optimism

Bias (%) - scaled back OB to account for

the extent that risks have been captured
within the QCRA.

5 ACWG (2021), Appendix A-1 - Optimism Bias and QCRA Template - Rev C.xlsx
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Combined
Upper bound
optimism bias

50th percentile
(P50) risk

Adjusted
Optimism bias
(%)
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4.3

4.4

Stage 1 - In most instances as shown in Figure 4-1, the OB calculation requires option
components to be classified as standard or non-standard, depending on the
complexity of implementing the scheme. The exception is where a component has a
mixture of standard and non-standard elements, and the cost of both types of
elements is greater than 35% of the total Capex. In this case the OB needs to be
determined according to the proportion of standard and non-standard elements.
Standard projects have a maximum OB allowance of 44% of Capex whilst for non-
standard projects the maximum is 66%.

To provide consistency with Affinity Water’'s WRMP24 schemes each asset has been
assigned to a particular type of infrastructure in accordance with the ACWG
guidance. The infrastructure types for the T2AT assets are shown in Table 4-1.

Table 4-1: Optimism bias option asset classification

Raw Water Pumping Shaft digging on an operational Non-standard

Station

WTW site with space constraints.

Raw Water Transfer Main Bulk transfers of raw or treated Non-standard

water through an operational
WTW site with space constraints.

Water Treatment Works Conventional water and Non-standard
and Drinking Water wastewater treatment on a
Pumping Station brownfield site with demolition,

space constraints and potential
ground contamination.

Drinking Water Transfer Bulk transfers of raw or treated Standard

Main

4.5

4.6

water with acceptable constraints.

Stage 2 — The ‘Optimism Bias Tab’ within the template is used to consider the
proportion of the cost that falls within the different confidence bandings
(high/medium/low) as described in the tab itself.

Stage 3 — The ACWG has prepared a uniform method for determining specific risk
allowances in the form of a Quantified Costed Risk Assessment (QCRA) table®.
Completion of the QCRA requires the identification and assessment of the likely
impact of each risk and its probability of occurrence. This allows a value (as a

6 ACWG (2021), Appendix A-1 - Optimism Bias and QCRA Template - Rev C.xlsx

4-2

420176-MMD-LTR-ALL-RP-Z-0002 Cost Report - LTR



4.7

4.8

4.9

4.2

4.10

percentage of Capex) to be determined relating to each of the risks identified. As
part of this stage, two workshops were held with representatives from the
engineering, land and planning, terrestrial and aquatic environment work streams in
attendance.

e Workshop 1: This focused on briefing other workstreams on the ACWG process,
agreeing QCRA risks and opportunity inclusion. A review of description (nature of
the risk, including cause and event), potential consequence, risk response strategy,
risk owner (by workstreams). To facilitate this workshop the QCRA was initially
populated by the engineering workstream.

e Workshop 2: This focused on agreement of any additional content identified by the
workstreams, the verification of the work stream scoring and cost banding.

Subsequent to the workshops, the @Risk tool is used to calculate the P50 costed risk
output.

Stage 4 — Consideration is made to the extent that contributory factors for OB
identified in Stage 2 can be scaled back to account for the extent that risks have been
identified, understood and managed in Stage 3. During the development of the
scheme, contributory factors which make up the OB allowance will be displaced by
more specific calculated risk amounts in the QCRA. The scaling back of optimism bias
to account for QCRA entries provides the post QCRA adjusted OB. The adjusted OB
is then added to the base Capex and the P50 costed risk to give the total capital cost
estimate.

At this early stage of working solution development opportunities are not captured
within the costs however they have been recorded, some of which are documented
in the Technical Supporting Document (Ala) - Concept Design Report and Technical
Supporting Document (A3a) — Carbon Strategy Report

Summary of optimism bias

Application of the above process has resulted in the OB percentages shown in Table
4-2.

Table 4-2: Optimism bias for 100Ml/d and 50MI/d ADO alternatives

100

50

4.11

38 27

38 27

Note that the contributory factors to OB have the same confidence level for both
50MI/d and 100MI/d capacities and hence the OB allowance is the same.

4-3
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4.3 Summary of key costed risks

Table 4-3 summarises the top 10 risks in the QCRA from Stage 3 of the process, these and others shall be targeted for further
investigation post Gate 2. The QCRA currently has 41 live items identified.

Table 4-3 Top 10 risks from the QCRA

Land compensation: An unknown number of stakeholders
and landowners to engage with for construction of WTW
and pipeline.

Delays to 3rd party granting permits / consents: Delays in
obtaining (or failure to secure) discharge / abstraction
consents.

Unexpected below ground clashes or constraints applied
by 3rd parties - Works within close proximity to other
significant infrastructure which that utility deems high risk.
Proposed design does not comply with restrictions
imposed by the utility company.

Unexpected above ground point bottlenecks or constraints
applied by 3rd parties. Current assumption is that all major
crossings can be undertaken using no dig solutions, this
may prove to be incorrect.

The extent and type of demolition works at the proposed
site is not fully understood.

420176-MMD-LTR-ALL-RP-Z-0002 Cost Report - LTR

Cost of stakeholder engagement and land acquisition / compensation is higher
than anticipated. Local community challenges. Potential for delays in start of
construction. Development may be obstructed leading to delays and extra costs
or at worst, non-viability.

Development may be obstructed leading to delays and extra costs or at worst,
non-viability. Delays to processing crossing permissions or regulator consents
could cause construction to be suspended at local points.

Results in re-design, additional approvals, construction can be delayed and
additional costs incurred. May alter proposed plans for crossings e.g., route,
structural designs (e.g. thrust blocks), hydraulics and / or changes to land
noticing. There may be protracted legal negotiations to agree risk liabilities and
insurances, requiring additional trenchless crossings and / or re-design of
existing.

Results in re-design, programme delay and additional costs.

Results in re-design, programme delay and additional costs.
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Unknown condition of existing assets / pipes: The asset(s)
may not be in good condition, or the position / layout may
not be as assumed.

Failure to obtain power supply: planned power
requirements prove to be inadequate to support the new
development or the backup power provision. The estimate
for the upgrade to the network is insufficient.

Integration of new and existing control systems (SCADA)
for Thames and/or Affinity are incompatible.

Stage 1 Preliminary Unexploded Ordnance (UXO) Desk
Studies for LTR and BRI indicate the sites are at HIGH risk.

Unexpected Ground conditions: Currently limited Gl
available. The type of contaminated Land at WTW and
along pipeline route is unknown. Assumption that most of
the excavated material can be reused may not be
overoptimistic.

420176-MMD-LTR-ALL-RP-Z-0002 Cost Report - LTR

Results in re-design (the asset(s) may have to be modified or repaired or the
design altered to allow the proposed interface) programme delay and
additional costs.

DNO needs to do upstream reinforcement work, on a site which may not have
sufficient space to accommodate DNOs equipment and therefore may require
more land. Results in re-design, programme delay and additional costs.

The SCADA system may require to be modified to incorporate mimics of the
new WTW. If the existing SCADA system is a legacy system, there is a possibility
it would have to be replaced as the software/hardware might be obsolete.
Results in re-design, programme delay and additional costs.

UXO encountered during intrusive ground investigation works or intrusive
construction activities resulting in redesign, additional cost, and delay.

Differential settlement due to heave may preclude the use of shallow
foundations or require special measures. Current foundation design
assumptions not valid. Additional remediation of ground contamination
required. Contaminated material excavated from uncharted landfill sites
requires suitable handling and disposal. Results in re-design, programme delay
and additional costs.
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4.4 Risk management

4.12 In order to further develop our risk understanding, a number of post Gate 2 activities
have been identified, the proposed work breakdown is detailed in Supporting
Document F: Project Delivery Plan. The Supporting Document F: Project Delivery Plan
focuses on the key aspects of the risk registers, discussing the highest priority risks
and what activity is being undertaken to mitigate the major cost and programme
risks during future phases of the project.

4.13 Below are examples of post Gate 2 activities, which shall be used to inform future
risk assessments;

Environmental and engineering site surveys, including:

Walkover surveys

Ground investigations

Groundwater and surface water monitoring

Asset location and condition surveys

Geophysical survey and planning archaeological evaluation surveys

Ecological, biodiversity and arboriculture surveys

Further raw water quality sampling
Topographical survey, especially of watercourses and river structures
Initial non-statutory consultations and liaison with affected stakeholders
Further early contractor engagement

Further modelling of need and alternatives, as required, using WRSE regional
system simulator and investment model, to reflect commentary from public
consultations on WRSE and WRMP strategic plans

4-6
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5.1

5.1

5.2

53

5.4

5.5

5.2

5.6

Operational Cost Estimate

Operational cost estimate components

In the Affinity Water LRMC cost model, fixed Opex consists of:

Operational staff cost
Maintenance staff cost and consumables
Compliance and operational sampling and testing

Variable Opex consists of:

Power cost

Treatment chemicals
Abstraction licencing
Sludge disposal licencing
Contracted maintenance

The LRMC spreadsheet tool was found to produce poor estimates of power cost
because the cost curve driver is flow only, whereas power is a function of flow and
pumping head. The power utilisation was therefore calculated separately and fed
into the model as an external input.

The cost base date for the LRMC sheets is 2017/2018. In order that all Opex costs are
reported against the same cost base (2020/21) an Opex inflation factor of 1.07 has
been applied. The Opex inflation factor provided by WRSE has been applied across
all SROs.

Apart from the substitution of the power cost mentioned above, no other additions
or subtractions were made to the Opex estimates provided by the LRMC spreadsheet
tool.

Summary of operational cost estimate

The Opex for each of the options for the 100Ml/d ADO and the 50MI/d ADO
alternatives are shown in Table 5-1 and Figure 5-1 below. Note that all estimates are
to a 2020/21 cost base. The variable Opex is given for the options running at their
full capacity.

5-1
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Table 5-1: Opex (2020/21 cost base) for 100MI/d and 50MI/d ADO alternatives at 100%
Utilisation

ADO Fixed Opex Variable Opex Variable Opexifrun Total Opex if run at

(ml1/d) (Em/yr) (p/m3) at 100% utilisation 100% utilisation
(Em/yr) (Em/yr)

100 0.9 9.6 4.0 4.9

50 0.5 9.6 2.0 2.5

Figure 5-1: Opex (2020/21 cost base) 100Ml/d and 50MI/d ADO alternatives at 100%
Utilisation

o Fixed Opex (Em/yr) m Variable Opex if run at 100% utilisation (Em/yr)
£6.0

£5.0

£4.0

Opex (Em/yr)
3
o

£2.0

£1.0

£0.0

Gate 2 Gate 2
ADO =100 (Ml/d) ADO =50 (MlI/d)
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6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.1

6.9

6.10

6.11

Net Present Value and Average Incremental Cost

NPV and AIC have been calculated for each component using the standard
calculation template provided by the ACWG’.

The base date for Capex and Opex cost estimates is 2020/21.

Capital costs are converted into a financing charge and depreciation charge as set
out in Section 6.3 of the ACWG Cost Consistency Methodology® using asset life
categories defined in Table 6-38.

Elements of the option have been mapped to Opex and Capex sub-metric categories
defined for WRMP24 reporting.

Discount rates and associated discount factors used align with Table 7 of the HM
Treasury Green Book (2020)2.

The NPV and AIC costs have been calculated for (a) 100% utilisation and (b) the best
estimate of operational utilisation.

Optimism bias is included in the calculation.

The PR19 final determination Weighted Average Cost of Capital (WACC) of 2.92% is
used in the calculation of financing costs®.

Appraisal period and Investment profile

The appraisal period is taken as 80 years from the start of the planning stage. The
earliest completion date is expected to end in 2040°. The option is assumed to be
operational after 11 years from the start of the planning stage.

AIC of an option includes the costs for all stages (Planning, Development and
'Construction & Operation') of an option.

The scheme is likely to be progressed as a Development Consent Order (DCO) rather
than via a conventional planning application, therefore the investment profile has
been adapted to account for this, the output of which is shown in Figure 6-1°.

7 ACWG (2021), One Scheme AIC RevC Template.xlsx

8 ACWG (2021) - Cost Consistency Methodology - Rev E

° For illustrative purposes only

10 |nvestment profile is indicative only to facilitate multi-solution decision making and will be refined at Gate 2

6-1
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Figure 6-1: Option Investment Profile
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6.2 100% utilisation scenario

6.12 For 100% utilisation, the option is assumed to operate at 100% of capacity every day
from the date that the asset becomes operational. The 100% utilisation figures allow
comparison with other SROs at Gate 2, which have been calculated on the same
basis.

NPV and AIC costs for the option, if implemented and operated at 100MI/d or 50MI/d DO,
are shown in Table 6-1. The NPV values are shown graphically in

6.13 Figure 6-3.

Table 6-1: NPV & AIC (2020/21 cost base) for 100% utilisation scenario

6-2
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ADO Option benefit (Ml at NPV Capex NPV Opex Total NPV
(MI/d)  100% capacity) (Em) (Em) (Em)

100 680,000 380 82 462 60
50 340,000 304 43 347 88
6.3 Estimated operational utilisation scenario

6.14 It is not expected that the scheme will be used at 100% capacity for 100% of the time.
If the T2AT scheme is modelled as the last source to be utilised, then there are
significant periods during which the scheme is not called on at all. However, the
nature of conventional drinking water treatment plant is such that it requires a
considerable amount of time and cost to recommission when starting from zero
throughput. Therefore, the scheme will always be operated at a minimum
throughput of 25% of its full capacity.

6.15 Pipelines and service reservoirs also need a minimum throughput to avoid over-aging
of the water within them. In general, drinking water should not be allowed to remain
in the pipeline or service reservoir for more than three days, with an absolute
maximum of seven days in abnormal circumstances. Longer periods are allowable for
raw water pipelines.

6.16 NPV and AIC calculations for current best estimate of operational utilisation consider
both the minimum throughput requirements and the forecast utilisation profile
derived from results of the PyWR water resources modelling. For the 100 Ml/d
alternative this gives the utilisation profile shown by the blue line in Figure 6-2 below.

Figure 6-2: Operational utilisation profile for the 100Ml/d DO
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6.17 For the purposes of calculating Opex for the T2AT scheme, the profile has been
simplified as shown by the green line in Figure 6-2. The simplified utilisation profile
for each alternative is shown in tabular form in Table 6-2.

Table 6-2: Simplified utilisation profile for 50Ml/d ADO and 100Ml/d ADO alternatives

0% 0%
25% 60%
40% 15%
70% 20%
100% 5%

6.18 Note that the average utilisation is 40% for both alternatives. Further details of the
modelling that supports this utilisation profile can be found in Section 4.4 of
Technical Supporting Document (Alb) - Concept Design Report.

NPV and AIC costs for the options if implemented at 100MI/d or 50MI/d DO but operated at
the estimated operational utilisation are shown in Table 6-3. The NPV values are also shown
graphically in

6-4
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6.19 Figure 6-3.

Table 6-3: NPV and AIC (2020/21 cost base) at estimated operational utilisation

ADO Option benefit NPV Capex NPV Opex Total NPV AIC (p/m3)
(Ml/d) (Ml on full (Em) (Em) (Em)

implementation)

100 700,000 380 43 423 54

50 340,000 304 23 327 82

Figure 6-3: Comparison of NPV (2020/21 cost base) for 100MI/d and 50Ml/d alternatives,
and 100% utilisation and estimated operational utilisation scenarios
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6.20 For the estimated operational utilisation scenario, the Capex and fixed Opex NPV
results are the same as for the 100% utilisation scenario, when comparing scenarios
with the same ADO. The NPV of total planning period option benefit results are also
the same because they relate to the water available for use rather than the amount
of water actually delivered. The difference lies in the variable Opex results, which are
~50% of the full capacity values, leading to AIC values which are approximately ~65%
of the AIC values for the options if operated at 100% utilisation.

6.21 As with all of the figures in this report, the results apply only to the treatment and
transfer assets and do not take into account the upstream and downstream
supporting infrastructure.
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7. Change from Gate 1 and WRSE draft regional plan submission

7.1 Change from Gate 1 to Gate 2

7.1.1  Base Capital cost

7.1 The capex cost estimates at Gate 2 are based upon a much more granular concept
design and a ‘bottom-up’ cost estimate of many of the main elements, compared to
the approach used at Gate 1, which was based around more generic cost curves to
ensure accurate comparison between options by WRSE. This has resulted in some
cost increases since Gate 1, the most significant factors are summarised in Table 7-1
below.

7.2 Figure 7-1, compares the Gate 2 Capex estimate with Gate 1 for the 50 and 100Ml/d
alternatives. The Capex estimates have increased from Gate 1 to Gate 2
predominantly due to the movement of the WTWs from a greenfield to brownfield
site and due to a greater understanding of crossing complexity.

Table 7-1: Significant influencers to increased Capex

The costs associated with land acquisition and compensation has ~56%
increased by a factor of 8, now making up a significant proportion of the

Capex. An allowance has been added for the rental of land for temporary

works.

The relocation of the WTW from greenfield to a brownfield site to ~28%
decrease environmental and planning risks has resulted in additional

engineering complexity e.g., demolition, site clearance and piling of

foundations. These were previously assumed to have been covered by the

LRMC cost curves.

As a result of bottom-up estimating, the average cost of a crossing has ~12%
increased by a factor of 3. AFW agreement with HS2 for the crossing point

has changed both in terms of location and HS2’s scope. The HS2 crossing
represents ~3% of the increase in estimated cost.

Bottom-up shaft costing has resulted in its cost doubling. ~1%

An allowance has been added for pipeline land compensation costs and ~2%
environmental mitigation measures, along with contaminated ground
processing. These were previously assumed to have been covered by the

LRMC cist curves.
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7.3 Other influencing factors include.

a) The latest AFW Long-run marginal cost (LRMC) sheets have been used
incorporating improved cost curves®!.

b) A ~15% increase in capacity for the treatment works and pipelines following
additional DO mode”ingError! Bookmark not defined..

c) A 20% increase in the quantity of major crossings and a greater understanding of
the engineering complexity has resulted in a ~¥25% increase in pipeline length. The
desire to avoid planning and environmental constraints has also influenced the
refined pipeline corridor.

d) An allowance has been added for environmental mitigation measures and
landscaping at the WTWs.

e) Backup generator has been replaced by a dual power supply.

Figure 7-1: Capex (2020/21 cost base) comparison with Gate 1

m Base Capex (Em) m Post QCRA Adjusted Optimism bias (Em) excluding land cost m P50 Costed Risk (Em)

£500
£450
£400

£350

Capex (€m)
I
3 8

8

£100

£50

£0
Gatel Gate 2 Gatel Gate 2

ADO =100 (MI/d) ADO =50 (MI/d)

7.1.2  Costed risk and optimism bias

7.4 Figure 7-2, compares the Gate 2 Combined Upper Bound Optimism bias (CUBOB)

" ncluded in Feb '22 WRSE update.
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7.5

7.6

7.7

with Gate 1 CUBOB for the 50 and 100MI/d alternatives. The CUBOB estimates have
increased from Gate 1 to Gate 2 predominantly due to the relocation of the WTW
from a greenfield to a brownfield site. This has resulted in additional engineering
complexity due to space constraints, piling of foundations, demolition works and site
clearance including potential ground contamination.

The number of major crossings and a greater understanding of the engineering
complexity has also influenced OB.

The cost related to OB is relative to base Capex (excluding land costs), therefore as
base Capex has increased the cost related to OB has increased.

A QCRA has been produced for Gate 2, this was not available at Gate 1. The adjusted
OB % at Gate 2 is only slightly higher than that of Gate 1 as the QCRA now accounts
for some elements of OB.

Figure 7-2: Optimism Bias comparison with Gate 1
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=
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e
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COMBINEDUPPERBOUNDOPTIMISM BIAS (%) ADJUSTED OPTIMISM BIAS (%)

7.1.3

7.8

7.9

Operational cost

Changes to operating costs since Gate 1 are less pronounced than capex but are
driven by factors such as a ~15% increase in capacity for the treatment works and
pipelines following additional DO modelling.

Figure 7-3, compares the Gate 2 Opex with Gate 1 for the 50 and 100Ml/d
alternatives. Between Gate 1 and Gate 2 the total Opex estimates has remained the
same for the 100MI/d alternative and decreased for the 50MI/d alternative. The
most significant factors are captured below.

7-3
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a) A~15% increase in capacity for the treatment works and pipelines following
additional DO modelling®?.

b) The latest AFW Long-run marginal cost (LRMC) sheets have been used
incorporating improved cost curvesError! Bookmark not defined.

c) The largest change factor for variable Opex is power consumption, which has
decreased as result of pipeline and pump optimisation, which in turn decreased
energy use at the raw water pumping station.

d) WTW processes have also be optimised which has had an impact on chemical
volumes.

e) Chemical unit rates have been customised where appropriate.

Figure 7-3: Opex (2020/21 cost base) comparison with Gate 1
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7.1.4  Average Incremental Cost

Figure 7-4, shows the increases in NPV and AIC from Gate 1 to Gate 2, for further details of
these increases refer to sections 7.1.1, 7.1.2 and 7.1.3 above.

2 Included in Feb '22 WRSE update.
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Figure 7-4: NPV & AIC (2020/21 cost base) comparison with Gate 1 for 100% utilisation
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Change from WRSE draft regional plan submission to Gate 2

The primary increases in Capex cost are as a result of changes from WRSE draft
regional plan to the Gate 2 submission, the most significant factors are summarised
in Table 7-1 above. The two exceptions are factors a and b in Section 7.1.1 above,
that were also captured in the WRSE draft regional plan.

The primary decreases in Opex cost are as a result of changes from WRSE draft
regional plan to the Gate 2 submission, the most significant factors are summarised
in Section 7.1.3 above. The two exceptions are factors a and b in Section 7.1.3 that
were also captured in the WRSE draft regional plan.

The CUBOB estimates have increased from WRSE draft regional plan submission to
Gate 2 predominantly due to the relocation of the WTW from a greenfield to a
brownfield site. This has resulted in additional engineering complexity due to space
constraints, piling of foundations, demolition works and site clearance including
potential ground contamination. The cost related to OB is relative to base Capex
(excluding land costs), therefore as the most significant increase in base Capex has
occurred since the WRSE draft regional plan submission the cost related to OB has
also increased.
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7.13 A QCRA has been produced for Gate 2, this was not available for the WRSE draft
regional plan submission. The adjusted OB % at Gate 2 is slightly higher than that of

WRSE draft regional plan submission as the QCRA now accounts for some elements
of OB.
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WRMP 24 Tables 5a and 5b
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