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Executive Summary

Essex & Suffolk Water (ESW) is required to update its quinquennial Water
Resource Management Plan under the current periodic review. This work
involves recalculating the Supply Demand Balance for each of its four
resource zones, as required under the Environment Agency’s Water Resource
Planning Guidelines (November 2008). Where supply does not meet demand
plus headroom during the 25 year planning horizon, water resource
management options are considered for implementation to meet the balance

of supply.

A short to medium-term deficit in supply has been identified in the Essex
resource zone and this report details the use of the EBSD Intermediate
Framework model to solve the water management planning problem.

The methodology described in this report, demonstrates how ESW has
interpreted the recommended approach as outlined by the EBSD guidelines
produced by NERA for UKWIR and the Environment Agency.

The EBSD Intermediate Framework model has selected a number of options
to solve the Essex resource zone planning problem, including the Abberton
Scheme and a range of leakage reduction schemes. The final solution should
be considered as theoretical and is subject to the practicalities and
cost/benefit analysis of scheme implementation. However, when considered
alongside the preferred programme as determined by the Current EBSD
Framework, the solution found using the Intermediate Framework approach
provides additional justification for the selection of the optimum final planning
solution.
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1. Introduction
1.1 PR0O9 Water Resource Planning Context

Essex & Suffolk Water (ESW) is required to update its quinquennial Water
Resource Management Plan under the current periodic review. This work
involves recalculating the Supply Demand Balance for each of its four
resource zones, as required under the Environment Agency’s Water Resource
Planning Guidelines (November 2008). Where supply does not meet demand
plus headroom during the 25 year planning horizon, water resource
management options are considered for implementation to meet the balance
of supply. The process by which water resource planners should select
schemes for implementation is detailed in the Economics of Balancing Supply
& Demand (EBSD), (UKWIR/Environment Agency, 2002).

The ESW Essex and Suffolk Northern/Central water resource zones have
been identified as having short to medium term deficits in the balance of
supply. Therefore, these zones have been taken forward for option appraisal
and economic analysis. ESW has adopted probabilistic methods for
determining outage and headroom so it is appropriate to consider the merits
of adopting a non-deterministic economic Framework as provided by the
Intermediate EBSD approach.

Only the Current modelling framework has been deemed necessary for the
Suffolk Northern/Central resource zone due to the very small number of water
resource management options available to meet the deficit in supply. Thus
only the Essex zone has been assessed using the Intermediate Framework
methodology, the results of which are detailed in this report.

1.2. Report Aims & Objectives

The aims of this report are as follows:

1. Provide a clear summary of the methodology used to conduct an
Intermediate Framework assessment on the Essex resource zone

planning problem.

2. To present the results of the assessment and interpret them in the context
of the overall EBSD process.
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2. Background
2.1. Economics of Balancing Supply & Demand

The Economics of Balancing Supply & Demand (EBSD) Main Report,
Guidelines and a Decision-maker's Summary, (UKWIR/Environment Agency,
2002), together describe the 14 stages of the EBSD planning process, which
can be grouped into four phases as detailed below.

EBSD Stage Description of Stage

Phase 1 - Data Collection Phase

Stage 1 Assemble the supply and demand forecasts

Stage 2 Identify the planning problem

Stage 3 Determine an unconstrained options set

Stage 4 Screen the unconstrained options set to identify feasible options
Stage 5 Quantify all impacts, costs and benefits of options

Phase 2 - Modelling Phase

Stage 6 Decide on Modelling Framework
Stage 7 Decide on the Selection Routine
Stage 8 Calculate Average Incremental Costs for Options
Stage 9 Establish target levels of service

Stage 10 | Apply the modelling framework and selection routine.

Phase 3 - Refinement Phase

Stage 11 Improve the Solution by Taking Account of Indivisibilities
Stage 12 Consider Tariff and Demand Feedback
Stage 13 Improve Solution by Making Allowance for Risk, Environment & Equity

Phase 4 - Final Reporting Phase

Stage 14 Review and Consolidate Stage Reports

The Modelling Phase presents planners with two key choices:

how to incorporate headroom into the planning process in order to
deliver the desired level of service; and

how to select options for implementation from the large set of potential
options.

Stage 6 requires the selection of one of three possible modelling frameworks,
known as the Current, Intermediate and Advanced frameworks respectively.

The Current Framework characterises basic practice in supply-demand
balance planning and is outlined in figure 1. This framework is deterministic,
simple to apply and relies on using fixed user-defined levels of service and

10



PRO9 Intermediate Framework Assessment

target headroom as inputs into a planning model which incorporates a solution
algorithm. The solution algorithm could be based on an Average Incremental
Social Cost (AISC) approach, or a more sophisticated linear or integer
programme.

Figure 1. The Current Framework (UKWIR/Environment Agency, 2002)

Set Target Level
of Service

\4
Assume
deterministic
Dry Weather
=

\ 4

Estimate
Headroom

A4

Run Model
[AISC or LP/IP]

A4

Final Solution
Set

In the EBSD guidelines, NERA detail two problems with the Current
Framework approach. Firstly, that it is unclear how the supply forecast (and
potentially headroom) should be adjusted to reflect the target level of service.
For example, if the planner decided that an increased level of service is
required or justified, there is a choice of reducing the supply forecast, by
cutting estimates of reliable source yield, or increasing the headroom
allowance. However, there is no particular reason for selecting one
adjustment over the other, and until the solution options are chosen, it is not
possible to determine what level of service will result.

11
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Second, it is difficult to determine if the target level of service is socially
optimal. This suggests a degree of feedback between the solution and the
adjustment to the forecast supply or headroom would be beneficial.

The Intermediate and Advanced Frameworks have been designed to address
these issues and both rely on using Monte Carlo simulation to predict the
reliability that will be provided by any given solution set. The advanced
framework additionally requires the reliability to be set optimally on the basis
of customer preferences or their ‘willingness to pay’. The requirements for
each framework are compared in appendix A.

2.2. The Intermediate Framework Approach

The Intermediate EBSD process involves ten steps, as detailed in the EBSD
Guidelines (UKWIR/Environment Agency, 2002) and is illustrated in figure 2.

Under the Intermediate Framework a target level of service is first established,
which may be set in response to a regulatory requirement (e.g. a DG
standard), on the basis of assumed or estimated customer willingness to pay
for various service levels, or in an attempt to maintain or improve upon current
levels of service.

A forecast for the supply-demand balance using dry weather forecasts of
supply and demand, and an initial estimate of headroom is then required. The
Intermediate Framework differs from the Current Framework as it eliminates
the problem of determining the appropriate headroom required for a target
level of service before the solution set is found. In fact, the final solution is
largely insensitive to the initial forecast scenarios assumed, as the full
distribution of demand and supply scenarios are taken into account in later
stages of the planning process.

The chosen selection routine (e.g. AISC) is applied to the supply-demand
balance (after headroom has been taken into account) to produce an initial
planning solution set which solves the planning problem over the planning
horizon. Monte Carlo analysis is then applied to the initial solution set to
determine whether the selected option or set of options remains valid for
different supply and demand forecast outcomes, and for uncertainties in the
yields or savings of selected options. The Monte Carlo analysis will also
provide a measure of the actual level of service that the options in the solution
set should provide. |If the predicted level of service is equal or sufficiently
close to the target level of service then the solution set stands and becomes
the final solution.

If there is a discrepancy between the predicted and the target level of service,
the headroom estimate should be revised either up, if the predicted level of
service is too low, or down, if the predicted level of service is too high, and the
selection routine re-applied to refine the solution set. The Monte Carlo
analysis is then repeated to determine the new predicted levels of service. By

12
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iteration of this process it is intended that the final optimum solution set is
found.

13
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Figure 2. The Intermediate Framework (UKWIR/Environment Agency, 2002)
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3. Methodology
3.1. Intermediate Framework Approach for Essex Reso  urce Zone

The guidance documents, The Economics of Balancing Supply and Demand
(EBSD) Main Report, Guidelines and Decision-Maker's Summary
(UKWIR/Environment Agency, 2002) were used to develop a methodology for
applying to the ESW Essex Water Resource Zone.

The guidelines bring together components of the supply-demand balance,
headroom estimates, and the initial solution resulting from the AISC selection
routine. During an iterative process involving the revision of headroom and
balancing supply and demand to meet a target level of service, water resource
management options are implemented to solve yield deficits and unacceptably
low headroom where appropriate, thus developing a potential solution to the
planning problem.

3.2. ESW Methodology & Assumptions

The guidelines developed by NERA for UWIR and the Environment Agency
do not represent a methodology for the Intermediate Framework and so
numerous assumptions had to be defined in order to develop the guidelines

into a practical working methodology. These are detailed below:

Step 1 — Set a target level of service

The level of service chosen as an input to the planning process was a 1 in 10
year demand restriction, which corresponds to a call for restraint on water
use. This is the first level of demand restriction that ESW would impose on
customers. When using stochastic modelling methods such as Monte Carlo,
this return period corresponds to the 90 percentile of the probability
distributions and is consistent with the figures chosen to represent outage
allowance and estimates of headroom until 2019/2020 (ESW, 2008a, 2008b
and 2009a).

Step 2 — Forecast the supply/demand balance

Forecasts of supply and dry weather demand over the planning horizon were
used, calculated using current recommended guidelines and methodologies
as detailed in the ESW Water Resources Management Plan (ESW, 2009b).

Step 3 — Estimate Headroom

Initial Headroom estimates used in this assessment were developed using the
current UKWIR methodology (UKWIR, 2002), as detailed in the Periodic
Review 2009 Headroom Calculations Report (ESW, 2009a).

15
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Step 4 — Apply selection routine

The average incremental social cost (AISC) approach is the chosen selection
routine applied to the supply-demand balance to produce the initial planning
solution, as detailed in the Water Resources Management Plan (ESW,
2009b), and will be used to select schemes for each subsequent iteration.
This selection routine considers the yields (Ml/d) and unit costs (pence/m®)
relating to the implementation of options and the first year each option can be
implemented. Options are ranked for preference based on first year possible
and least cost.

For the purposes of this assessment, the initial solution set represents
implementation of the Abberton Scheme, which incorporates the Denver
licence variation providing 8 Ml/d from 2009/2010, increasing to 63 Ml/d in
2013/2014 when the reservoir is raised.

Step 5 — Apply Monte Carlo model

The Intermediate Framework does not provide a methodology for applying a
Monte Carlo model to the outcome of Step 4. ESW have therefore developed
a methodology whereby the Monte Carlo simulation takes into account
probabilistic supply and demand, and headroom estimates as outlined in the
EBSD Guidelines (UKWIR/Environment Agency, 2002). Crystal Ball®
software is used to perform 5000 iterations of the simulation, which is
consistent with the outage and headroom methodologies.

Probability distributions have been created to model the uncertainty around
supply and demand forecasts due to weather conditions and climate change.
The resulting forecast figures are combined with headroom estimates and the
marginal yield of resource schemes in the solution set to give a final balance
of supply and demand forecast figure that can be related to the target level of
service. The components of the methodology include the following:

Modelling the uncertainty of demand combined two tiers of Monte Carlo
simulation to incorporate both variation in weather conditions and
climate change.

a) A separate triangular probability distribution was created for each of
the demand forecast weather scenarios, dry, normal and wet, using
three climate change scenarios. The minimum figures were taken
as demand with no climate change, mode or most likely as demand
with low climate change and maximum as demand with medium-
high climate change.

b) Assumption figures resulting from each of the three demand
weather scenarios were then used to create a second tier of
triangular distribution to give a final forecast figure for demand for
each year of the planning horizon. The wet year figure was used as

16
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the minimum in the final demand distribution, normal year as the
most likely, and dry as the maximum.

Uncertainty in supply relating to climate change was modelled using
triangular distributions created with the three climate change scenarios,
wet, mid and dry. Taking the dry scenario as the minimum, mid as the
most likely and wet as the maximum in the supply distribution.

The distributions for the three demand weather scenarios and supply
are correlated in the Monte Carlo simulation to ensure that figures are
chosen from the same climate change conditions for each pass of the
simulation.

The balance of supply and demand (BSD) is calculated by the following

equation:
BSD = supply forecast — final demand + headroom
distribution forecast prediction estimate

If for a particular year in the planning horizon demand plus headroom
exceeds supply, and there is additional yield available through scheme
implementation as determined by the solution set, then this yield is
incorporated to give a final figure for the BSD. The yield figures used
for this assessment are those based on capacity of the schemes.

Step 6 — Ascertain implied level of service

The output from Crystal Ball® consists of a forecast report, one for each year
of the planning horizon. The report summarizes the statistics of the simulation
and gives the BSD forecast figures, in Ml/d, relating to a range of percentiles.
The target level of service relates to the 90 percentile. The aim is to achieve a
forecast figure of 0£1MI/d for the 90 percentile for each year of the planning
horizon as this indicates that the target level of service has been met.

Step 7 — Determine whether more iterations are required

If a forecast figure relating to the 90 percentile for a particular year in the
planning horizon is below zero by more than 1 Ml/d then this indicates the
target level of service has not been achieved for that year. Conversely, if a
forecast figure relating to the 90 percentile is above zero by more than 1 Ml/d
then this indicates the target level of service has been exceeded. In these
cases headroom must be amended accordingly as described in step 8.

Step 8 — Revise headroom

If for any year in the planning horizon the target level of service has not been
achieved then headroom is amended to enable balance of supply and
demand. If during this process headroom must be decreased below PR09

17
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Headroom estimates, (representing a situation with an unacceptable level
risk) then additional yield must be sought when determining the revised
solution set. If the target level of service is exceeded then headroom is
reduced so as not to be in excess of requirements.

The EBSD Main Report (UKWIR/Environment Agency, 2002a) states that
“headroom should be revised up or down by the amount specified by a
standard numerical root finding process (for example, using the standard
Newton-Raphson method)”. The Newton-Raphson method employs calculus
to numerically evaluate the root of complicated mathematical functions, when
the root cannot be found algebraically. The ESW headroom estimates are
derived using the current methodology (UKWIR, 2002) and are forecast
figures produced by Monte Carlo simulation representing the 90 percentile of
the probability distribution for each year of the planning horizon. Headroom
estimates are presented as simple numerical figures and as such it is unclear
how the Newton-Raphson method can be applied where no complicated
mathematical function exists.

For this Intermediate Framework assessment it was decided to amend
headroom by the amount that the BSD forecast figure deviates from zero (the
target level of service). During the iterative process, this method results in an
alternation between balancing supply and demand and optimising headroom
for each year of the planning horizon.

Step 9 — New iteration

If the required level of service has not been met and headroom figures are
adjusted, a subsequent iteration of the process is conducted using a revised
solution set. The revised set of headroom figures produced in step 8, are
entered into the model along with the yield profile of a revised solution set.
Figure 3 lists the full range of water resource management options available
for selection during this assessment.

Options are chosen based on the AISC selection routine approach.
Preference is determined by the year in which the option can be implemented
but if there are a number of options with the same first year possible then
selections are based on the least-cost first principle.

Step 10 — Final solution

The final solution set has been reached when,

a) the BSD 90 percentile forecast figure for each year of the planning
horizon is 0+1MI/d (indicating target level of service has been met)
and,

b) revised headroom figures meet the minimum acceptable level of
risk as determined by the PR0O9 headroom estimates.

18
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Figure 3. Feasible options list.

Unit Cost AISC  Annual Yield

Earliest

Scheme Options p/cm Mi/d Possible Year

Customer Side Management Options

C1 Universal Metering by 2015 137.08 9.63 2015

C2 Universal Metering by 2020 144.75 9.63 2020
Distribution Management Options

D1 Leakage Reduction Bands Below ELL:
Current Target -4% to Current Target -6% 425.10 1.16 2010
Current Target -2% to Current Target -4% 270.70 1.16 2010
Current Target to Current Target -2% 170.50 1.16 2010

D2 Dagenham Supply Pipe Leakage Reduction:
Year 1 (up to a maximum of 10 years) 53.26 0.5 2010

D3 Generic Mains Replacement:
DMA Group 1 - AMP5 Mains Renewals 133.99 2.65 2015*
DMA Group 2 - AMP6 Mains Renewals 124.76 2.65 2020*
DMA Group 3 - AMP7 Mains Renewals 236.57 2.65 2025*
DMA Group 4 - AMP8 Mains Renewals 230.37 2.65 2030*
DMA Group 5 - AMP9 Mains Renewals 266.81 2.65 2035*
DMA Group 1 - any AMP Mains Renewals 275.15 2.65 2015*
DMA Group 2 - any AMP Mains Renewals 293.81 2.65 2015*
DMA Group 3 - any AMP Mains Renewals 415.28 2.65 2015*
DMA Group 4 - any AMP Mains Renewals 413.68 2.65 2015*
DMA Group 5 - any AMP Mains Renewals 431.30 2.65 2015*
Production Management Options

P2 Algae Outage Reduction 180.67 1.6 2014
Resource Management Options

R2 Abberton Scheme 57.57 64 2014

R3 Reverse Osmosis Desalination 183.94 30 2018

R4 Colchester Effluent Recycling 109.87 10 2018

R5 River Trent Transfer 80.47 64 2018

R6 Canal Transfer 90.74 64 2018

* Year indicates the end of the AMP when maximum yield achieved

19
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4. Results

This section presents the results obtained from applying the methodology and
assumptions outlined in Section 3.

4.1. Monte Carlo Simulation

A snapshot of the Crystal Ball® spreadsheet used to carry out the Monte Carlo
analysis can be seen in appendix B. The spreadsheet shows the four triangular
distributions, three for demand (dry year, normal year, wet year) and one for supply,
each constructed using three climate change scenarios (none, low, mid-high). The
output of the three demand triangular distribution simulations form a further
triangular distribution, which is defined in row 30, with the final demand forecast
output in row 32.

Headroom estimates are entered into row 44, and the balance of supply and
demand (BSD = supply — headroom — demand) is calculated in row 46. Below this in
row 49, the yields of selected schemes can be entered for each year. Finally, in row
53, if the balance of supply and demand is <O (i.e. there is a supply deficit) then
scheme yield is added to give the final BSD. A forecast report was run for these
values and the 90 percentile forecast figures selected to determine if the target level
of service had been met in each year of the planning horizon.

4.2. Intermediate Framework Iterations & Option Sel  ection

Appendix C shows the spreadsheet used to collate the 90 percentile BSD forecast
figures and to calculate the headroom revisions. It illustrates the iterative process of
amending headroom to balance supply and demand and then testing a new solution
set to meet the minimum acceptable headroom. Revised headroom estimates less
than the minimum acceptable value are highlighted in red. It can be seen that
iteration 7 sees headroom exceeding the minimum acceptable value for each year of
the planning horizon (with the exception of 2008/2009). Thus, seven iterations of this
Intermediate Framework methodology were required to reach the final planning
solution, which includes the following options:

D1  Leakage Reduction below ELL: Current target -2%

D1 Leakage Reduction below ELL: Current target -4%

D2  Dagenham Supply Pipe Leakage Reduction

D3  Generic Mains Replacement — DMA Group 1 AMP5
D3  Generic Mains Replacement — DMA Group 2 any AMP
D3  Generic Mains Replacement — DMA Group 3 any AMP
D3  Generic Mains Replacement — DMA Group 4 any AMP
R2  Abberton Scheme (Includes Denver Licence Variation)

The options included in the iterations of the assessment are shown in figure 4,
listed in the order in which the scheme yields were called for.

20
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Figure 4. Options included in the iterations of the Intermediate Framework assessment

Years in which scheme

Unit Cost  Annual Earliest _ .
Solution set AlSC Yield  Possible implemented in model
p/cm Mi/d Year First Last
Initial Solution R2. Abberton Scheme 57.57 64 2014 2014/2015 2034/2035
(Incorporates Denver Licence Variation) 8 2009 2009/2010 2013/2014
Revision 1 R2. Abberton Scheme 57.57 64 2014 2014/2015 2034/2035
(Incorporates Denver Licence Variation) 8 2009 2009/2010 2013/2014
D2. Dagenham Supply Pipe Leakage Reduction 53.26 0.5 2010 2010/2011 2013/2014
Revision 2 R2. Abberton Scheme 57.57 64 2014 2014/2015 2034/2035
(Incorporates Denver Licence Variation) 8 2009 2009/2010 2013/2014
D2. Dagenham Supply Pipe Leakage Reduction 53.26 0.5 2010 2010/2011 2013/2014
D3. Generic Mains Replacement
DMA Group 1 - AMP5 Mains Renewals 133.99 0.53* 2010 2010/2011 -
DMA Group 1 - AMP5 Mains Renewals 133.99 1.06* 2011 2011/2012 -
DMA Group 1 - AMP5 Mains Renewals 133.99 1.59* 2012 2012/2013 -
DMA Group 1 - AMP5 Mains Renewals 133.99 2.12* 2013 2013/2014 -

* Yields are the annual cumulative proportion of the maximum yield achievable by the end of the AMP (i.e. 2.65 Ml/d in 2014/2015)

21
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(Figure 4 continued)

Years in which scheme

Unit Cost  Annual Earliest : _
Solution set AISC Yield  Possible implemented in model
p/cm Mi/d Year First Last
Revision 3 R2. Abberton Scheme 57.57 64 2014 2014/2015 2034/2035
(Incorporates Denver Licence Variation) 8 2009 2009/2010 2013/2014
D2. Dagenham Supply Pipe Leakage Reduction 53.26 0.5 2010 2010/2011 2013/2014
D3. Generic Mains Replacement
DMA Group 1 - AMP5 Mains Renewals 133.99 0.53* 2010 2010/2011 -
DMA Group 1 - AMP5 Mains Renewals 133.99 1.06* 2011 2011/2012 -
DMA Group 1 - AMP5 Mains Renewals 133.99 1.59* 2012 2012/2013 -
DMA Group 1 - AMP5 Mains Renewals 133.99 2.12* 2013 2013/2014 -
D1. Leakage Reduction Bands Below ELL
Current target to current target-2% 170.50 1.16 2010 2010/2011 2013/2014

* Yields are the annual cumulative proportion of the maximum yield achievable by the end of the AMP (i.e. 2.65 Ml/d in 2014/2015)

22
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(Figure 4 continued)

Years in which scheme

Unit Cost  Annual Earliest : _
Solution set AlSC Yield  Possible implemented in model
p/cm Mi/d Year First Last
Revision 4 R2. Abberton Scheme 57.57 64 2014 2014/2015 2034/2035
(Incorporates Denver Licence Variation) 8 2009 2009/2010 2013/2014
D2. Dagenham Supply Pipe Leakage Reduction 53.26 0.5 2010 2010/2011 2013/2014
D3. Generic Mains Replacement
DMA Group 1 - AMP5 Mains Renewals 133.99 0.53* 2010 2010/2011 -
DMA Group 1 - AMP5 Mains Renewals 133.99 1.06* 2011 2011/2012 -
DMA Group 1 - AMP5 Mains Renewals 133.99 1.59* 2012 2012/2013 -
DMA Group 1 - AMP5 Mains Renewals 133.99 2.12* 2013 2013/2014 -
D1. Leakage Reduction Bands Below ELL
Current target to current target-2% 170.50 1.16 2010 2010/2011 2013/2014
D1. Leakage Reduction Bands Below ELL
Current target to current target-4% 270.70 1.16 2010 2011/2012 2013/2014

* Yields are the annual cumulative proportion of the maximum yield achievable by the end of the AMP (i.e. 2.65 Ml/d in 2014/2015)
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(Figure 4 continued)

Years in which scheme

Unit Cost  Annual Earliest _ _
Solution set AISC Yield  Possible implemented in model
p/cm Mmi/d Year First Last
Revision 5 R2. Abberton Scheme 57.57 64 2014 2014/2015 2034/2035
(Incorporates Denver Licence Variation) 8 2009 2009/2010 2013/2014
D2. Dagenham Supply Pipe Leakage Reduction 53.26 0.5 2010 2010/2011 2013/2014
D3. Generic Mains Replacement
DMA Group 1 - AMP5 Mains Renewals 133.99 0.53* 2010 2010/2011 -
DMA Group 1 - AMP5 Mains Renewals 133.99 1.06* 2011 2011/2012 -
DMA Group 1 - AMP5 Mains Renewals 133.99 1.59* 2012 2012/2013 -
DMA Group 1 - AMP5 Mains Renewals 133.99 2.12* 2013 2013/2014 -
D1. Leakage Reduction Bands Below ELL
Current target to current target-2% 170.50 1.16 2010 2010/2011 2013/2014
D1. Leakage Reduction Bands Below ELL
Current target to current target-4% 270.70 1.16 2010 2011/2012 2013/2014
D3. Generic Mains Replacement
DMA Group 2 - any AMP Mains Renewals 293.81 0.53* 2010 2011/2012 -
DMA Group 2 - any AMP Mains Renewals 293.81 1.06* 2011 2012/2013 -
DMA Group 2 - any AMP Mains Renewals 293.81 1.59* 2012 2013/2014 -

* Yields are the annual cumulative proportion of the maximum yield achievable by the end of the AMP (i.e. 2.65 Ml/d in 2014/2015)
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(Figure 4 continued) ] )
Years in which scheme

Unit Cost  Annual Earliest _ .
Solution set AISC Yield  Possible implemented in model
p/cm Mi/d Year First Last
Revision 6 R2. Abberton Scheme 57.57 64 2014 2014/2015 2034/2035
(Incorporates Denver Licence Variation) 8 2009 2009/2010 2013/2014
D2. Dagenham Supply Pipe Leakage Reduction 53.26 0.5 2010 2010/2011 2013/2014
D3. Generic Mains Replacement
DMA Group 1 - AMP5 Mains Renewals 133.99 0.53* 2010 2010/2011 -
DMA Group 1 - AMP5 Mains Renewals 133.99 1.06* 2011 2011/2012 -
DMA Group 1 - AMP5 Mains Renewals 133.99 1.59* 2012 2012/2013 -
DMA Group 1 - AMP5 Mains Renewals 133.99 2.12* 2013 2013/2014 -
D1. Leakage Reduction Bands Below ELL
Current target to current target-2% 170.50 1.16 2010 2010/2011 2013/2014
D1. Leakage Reduction Bands Below ELL
Current target to current target-4% 270.70 1.16 2010 2011/2012 2013/2014
D3. Generic Mains Replacement
DMA Group 2 - any AMP Mains Renewals 293.81 0.53* 2010 2011/2012 -
DMA Group 2 - any AMP Mains Renewals 293.81 1.06* 2011 2012/2013 -
DMA Group 2 - any AMP Mains Renewals 293.81 1.59* 2012 2013/2014 -
D3. Generic Mains Replacement
DMA Group 4 - any AMP Mains Renewals 413.68 0.53* 2010 2010/2011 -
DMA Group 4 - any AMP Mains Renewals 413.68 1.06* 2011 2011/2012 -
DMA Group 4 - any AMP Mains Renewals 413.68 1.59* 2012 2012/2013 -
DMA Group 4 - any AMP Mains Renewals 413.68 2.12* 2013 2013/2014 -

* Yields are the annual cumulative proportion of the maximum yield achievable by the end of the AMP (i.e. 2.65 Ml/d in 2014/2015)
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(Figure 4 continued)

Years in which scheme

Unit Cost  Annual Earliest ! _
Solution set AISC Yield  Possible implemented in model
p/cm Mi/d Year First Last
Final Solution R2. Abberton Scheme 57.57 64 2014 2014/2015 2034/2035
(Incorporates Denver Licence Variation) 8 2009 2009/2010 2013/2014
D2. Dagenham Supply Pipe Leakage Reduction 53.26 0.5 2010 2010/2011 2013/2014
D3. Generic Mains Replacement
DMA Group 1 - AMP5 Mains Renewals 133.99 0.53* 2010 2010/2011 -
DMA Group 1 - AMP5 Mains Renewals 133.99 1.06* 2011 2011/2012 -
DMA Group 1 - AMP5 Mains Renewals 133.99 1.59* 2012 2012/2013 -
DMA Group 1 - AMP5 Mains Renewals 133.99 2.12* 2013 2013/2014 -
D1. Leakage Reduction Bands Below ELL
Current target to current target-2% 170.50 1.16 2010 2010/2011 2013/2014
D1. Leakage Reduction Bands Below ELL
Current target to current target-4% 270.70 1.16 2010 2011/2012 2013/2014
D3. Generic Mains Replacement
DMA Group 2 - any AMP Mains Renewals 293.81 0.53* 2010 2011/2012 -
DMA Group 2 - any AMP Mains Renewals 293.81 1.06* 2011 2012/2013 -
DMA Group 2 - any AMP Mains Renewals 293.81 1.59* 2012 2013/2014 -
D3. Generic Mains Replacement
DMA Group 4 - any AMP Mains Renewals 413.68 0.53* 2010 2010/2011 -
DMA Group 4 - any AMP Mains Renewals 413.68 1.06* 2011 2011/2012 -
DMA Group 4 - any AMP Mains Renewals 413.68 1.59* 2012 2012/2013 -
DMA Group 4 - any AMP Mains Renewals 413.68 2.12* 2013 2013/2014 -
D3. Generic Mains Replacement
DMA Group 3 - any AMP Mains Renewals 415.28 0.53* 2010 2011/2012 -
DMA Group 3 - any AMP Mains Renewals 415.28 1.06* 2011 2012/2013 -

* Yields are the annual cumulative proportion of the maximum yield achievable by the end of the AMP (i.e. 2.65 Ml/d in 2014/2015)
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The following graphs illustrate the way in which the model balances supply
and demand and how the additional yield provided by the schemes increases
the revised headroom until it meets the acceptable level of risk as determined
by the PR09 headroom estimates.

Initial assessment

Input data for the initial assessment included the PR0O9 target headroom
estimates and the yields provided by the initial solution set, namely the
Abberton Scheme option. Graph (a) presents the imbalance between supply
and demand over the planning horizon with a deficit until 2013/14 and then a
surplus until 2034/35. For the purposes of this assessment, the aim is to
balance supply and demand to 0+1 Ml/d.

Iteration 1

Headroom was amended following the methodology detailed previously so
that when the Monte Carlo analysis was re-run the BSD figures achieved the
target of 0£1MIl/d. The Monte Carlo analysis was then run using the revised
headroom figures and revised solution set. To reduce the supply deficit in the
early years of the planning horizon, the Dagenham Supply Pipe Leakage
Reduction Scheme option was chosen and implemented in its first year
possible (2010/2011) and for 3 subsequent years until 2013/2014. This option
was chosen as it has the earliest possible year compared to the other options,
except the distribution management options of reducing leakage below the
ELL. The Dagenham Supply Pipe Leakage Reduction scheme was chosen in
preference due to its lower unit cost.

Graph (b) shows that the balance of supply and demand has been achieved
but the revised headroom does not meet the minimum acceptable level of risk
as determined by the PR09 headroom estimates in the years 2010/11 to
2013/2014; after which time headroom exceeds requirements due to Abberton
scheme implementation.

Iterations 2 to 6

During the iterations a number of schemes are implemented in an attempt to
balance supply and demand whilst maintaining sufficient headroom in the
early years of the planning horizon before the implementation of the Abberton
Scheme. This is illustrated by graphs (c) to (g) with incremental increases in
the revised headroom.

Iteration 7 - the final planning solution

Iteration 7 represents the final planning solution. The cumulative yield of all
the schemes implemented is marginally sufficient to balance supply and
demand whilst also ensuring the minimum acceptable level of risk, as
determined by the PR0O9 headroom estimates, is met. This is illustrated by

graph (h).
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4.3. Economic Analysis of Iterations

Economic analysis of the Intermediate Framework iterations considered in this
assessment results in the following incremental unit costs for each solution
set.

Solution Set Incremental Unit Cost

(p/m?) based on AISC
Initial Solution 58.88
Iteration 1 58.83
Iteration 2 61.67
Iteration 3 63.91
Iteration 4 68.07
Iteration 5 80.60
Iteration 6 91.72
Iteration 7 — Final Solution 102.04

This shows that subsequent to iteration 1 the solution sets become more
expensive due to the need to incorporate more options to close the deficit in
the balance of supply.

The Water Resource Planning Guidelines (Environment Agency, 2008)
requires the ranking of options by AISC. The following charts illustrate the
AISC ranking of options included in the iterations of this Intermediate
Framework assessment.
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4.4. Comparison with the Current EBSD Framework

For this PRO9 WRMP, the preferred programme of water management
options was defined using the Current framework to meet the current and
predicted deficit in the balance of supply in Essex and is summarised below
(ESW, 2009b).

Maximum .
Obtion Implementation Yield/Demand AISC%éimt
P Date Saving m?
MI/d P
C2. Universal Metering by 2020 2010-2020 9.63 137.08
D2. Dagenham Supply Pipe 2010-2019 5.00 53.26
Replacement
D3. Generic Mains Replacement
_ AMP5 and beyond 2010-2015 2.65 133.99
R2. Abberton Scheme 2010-2014 64.00 57.57
Incremental unit cost of programme (p/m°®) | 69.27

The incremental unit cost of 69.27 p/m® determined for the Current
Framework preferred programme is significantly less than that calculated for
the Intermediate Framework final solution of 102.04 p/m®. This is due to the
leakage reduction below ELL and greater amount of generic mains
replacement implemented under the Intermediate Framework, whereas the
Current Framework has preferentially selected the lower-cost and higher-
yielding Universal Metering by 2020 option. The Intermediate Framework did
not select either of the universal metering options because no yield from the
schemes is available until 2015 at the earliest, after the implementation of the
Abberton Scheme. Therefore, due to the restricted number of options
available the Intermediate Framework has forced selection of more expensive
and lower-yielding options that would be deemed impractical on a cost/benefit
basis. This difference illustrates the importance of Phase 3 of EBSD where
the outcome of any economic model must be scrutinised for its rationality.

The following chart shows the schedule of options in the Current Framework
preferred programme ranked by AISC.
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5. Summary and Conclusions

This report has presented the methodology used to conduct an Intermediate
EBSD Framework assessment on the Essex water resource zone and the
results of that assessment. The Intermediate Framework guidelines, produced
by NERA (UKWIR/Environment Agency, 2002) have been interpreted to
develop the methodology, which aims to solve the ESW water resource
planning problem.

Stochastic Monte Carlo modelling was applied in an iterative process to a
number of planning solution sets taking into account probabilistic supply and
demand and headroom estimates. Schemes were selected for implementation
where additional yield was required to reduce supply deficits, based on their
first year possible and unit cost. The final solution or ‘preferred programme’
included the Abberton Scheme, Dagenham supply pipe leakage reduction,
generic mains replacement and leakage reduction below ELL.

The final solution should be considered as theoretical and is subject to the
practicalities and cost/benefit analysis of scheme implementation. For
example, using the leakage reduction options to balance supply and demand
in the years before the Abberton scheme to provide additional yield is
theoretically possible but would require significant and arguably unaffordable
allowance in price limits.

The results of this Intermediate Framework assessment were compared with
the preferred programme as determined by the Current Framework approach,
and were found to be similar. The Intermediate Framework methodology
developed for this assessment is useful in supporting the choice of solution
set determined under the Current Framework; namely that the Abberton
Scheme complemented by leakage reduction schemes such as Dagenham
supply pipe renewal and generic mains replacement is an economically sound
solution to the deficit in balance of supply in Essex.

Although application of the Intermediate framework to a resource zone such
as Essex might be questionable due to the limited number of options of
sufficient yield and availability, it should be recognised that the resulting
solution set from using this approach does generally support the conclusions
of the Current EBSD Framework.
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Appendix A. Comparison of the Current, Intermediate and Advanced
Frameworks (UKWIR/Environment Agency, 2002).

Modelling Framework Steps

Framework
Step Current Intermediate  Advanced Description

10.1.1 |Set a target |Required Required Not Required |Establish a target level of service as an input to the planning
level of process. The target level of service may be set in response to a
service regulatory requirement (for example, a DG standard), on the

basis of assumed or estimated customer willingness to pay for
various service levels, or in an attempt to maintain or improve
upon current levels of service.

10.1.2 |Forecast the |Required Required Required Develop a forecast of the supply-demand balance using dry
Supply weather forecasts of supply and demand. For the Current
Demand Framework, the supply forecast should reflect the target level of
Balance service identified | Step 10.1.1.

10.1.3 |Estimate Required Required Required Estimate headroom. For all frameworks, this could be done
Headroom using the current UKWIR methodology, set out in A Practical

Method for Converting Uncertainty into Headroom (1988). For
the Current Framework, the accuracy of the headroom estimate
is a determinant of the accuracy of the solution.

10.1.4 |Apply Required Required Required Apply the Selection Routine to the supply-demand balance (after
Selection headroom has been taken into account) to produce a planning
Routine solution.

10.1.5 |Apply Not Required|Required Required Apply stochastic Monte Carlo modelling to the planning solution
Monte Carlo obtained in Step 4 taking into account probabilistic supply and
Model demand and the current headroom estimate.

10.1.6 [Ascertain Not Required|Required Required Use the Monte Carlo model to determine the level of service that
Implied LoS would result if the planning solution were implemented.

10.1.7 |Determine |Not Required|Required Required Decide whether the iterative process is complete:
whether Intermediate Is the implied level of service insufficiently close to
more the externally set target level of service?
iterations are Advanced Are customers willing to pay for the implied level of
required service?

If the answer is no then proceed to Step 10.1.8 otherwise jump
to Step 10.1.10.
10.1.8 |Revise Not Required|Required Required Intermediate If the level of service is lower than the target level,
Headroom then headroom should be increase. Otherwise decrease
headroom.
Advanced If customers have a greater willingness to pay for the
implied level of service then headroom should be increase.
Otherwise decrease headroom.
10.1.9 |New Not Required|Required Required Go to Step 10.1.4 and carry out a new iteration.
Iteration

10.1.10|Final Required Required Required The solution obtained should be taken forward to the next Stage

Solution of the Planning Process.
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Appendix B. Crystal Ball spreadsheet for Monte Carlo Simulation
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Appendix C. Spreadsheet for collating 90 percentile BSD forecast figures and calculating revised headroom estimates.
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