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What does this appendix do?  

This appendix supports the submission of South East Water’s Water Resources Management 

Plan for 2020-2080 and provides:  

 Detailed results of the 6 steps of our decision making process. 

The evidence you will find in this appendix 

The following evidence is included in this appendix: 

 Our approach, methods and decisions for the selection of our preferred plan. 

The decisions we have made based on this evidence  

We have made the following decisions based on this evidence:  

 Level of drought that we will design to. 

 How SEA has influenced our preferred plan. 

 Level of sustainability reductions within our preferred plan 

 Approach to water efficiency savings, leakage reduction and innovation 

 Customer preference influence on our preferred plan 

 Resilience of our preferred plan to future uncertainty and extreme events 

The data tables you will find in this appendix 

You will find the following data tables in this appendix: 

 Various tables summarising key outputs during the decision making process. 

Other evidence and data that supports our decisions 

You will find additional information on our decision-making process, and details of our preferred 

plan in sections 7, 8 and 9 of the main WRMP19 report. 

Need further information?  

Please email wre@southeastwater.co.uk if you require further information or wish to clarify 

anything in this appendix.  
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1 Executive summary 

1.1 Introduction 

This appendix provides additional information on how we developed our preferred plan for WRMP19. It explains 

the process we followed and results we gathered as part of our decision making process during development of 

our preferred plan, initially for the dWRMP, then, following representations, our WRMP. 

1.2 Approach to the dWRMP 

For the dWRMP our decision making process took the supply demand balance and the feasible options list and 

used an economic optimisation model to develop a conventional best value plan.  We then used the same 

economic model to consider a wider range of future uncertainty.  For the dWRMP we then used the methods 

recommended within the guidelines to stress test a range of potential plans to determine which would prove 

most adaptable to a wider range of possible futures and be acceptable to customers and most sustainable. We 

then compared our plan to the regional plan generated by WRSE modelling work.  

As we showed in the dWRMP there was a high level of consistency between the water supply schemes 

frequently selected (under multiple future scenarios) and those in our dWRMP, and therefore low level of regret. 

Step 2 of our modelling for our dWRMP contributed to ensuring our plan is adaptable in case the future does not 

turn out to be as forecast in our most likely central case. 

Through stress testing, the portfolios generated from the least challenging demand forecast scenarios 

demonstrated significantly lower levels of robustness to deal with uncertainty and/or extreme events compared 

to our central case, whilst those generated from the high demand scenario were significantly higher in cost. By 

carrying out three types of stress testing against a range of future uncertainty and extreme events, we were 

reassured that our dWRMP achieved a good balance between cost and risk. Of the portfolios generated by the 

central case demand forecast scenario, our preferred plan performed well across all stress testing and also in 

terms of the MCA promotability and deliverability criteria. 

In Step 3 we highlighted specific schemes that were proposed both in our planning, and also in the regional 

WRSE planning. In addition to these options, participating in the WRSE contributed significantly to the strength 

of our dWRMP. It has led to greater regional resilience, better sharing of water and coordinated planning 

through common definitions, methodologies and understanding of drought. 

The approach we took developed a set of schemes and a programme which we set out in our dWRMP.   

1.3 Changes to our dWRMP 

There were representations to our dWRMP challenging us to reduce leakage and consumption further than we 

had proposed.  So for our WRMP we have considered much more ambitious leakage and water efficiency 

targets and have applied these targets to the set of schemes selected in the dWRMP.  To do this we have used 

our economic model to test the changes that applying these leakage and water efficiency targets would have on 

the programme we set out in dWRMP19.   

However, we know that some of the approaches we are proposing to meet these ambitious targets are un-

tested and not part of a least cost plan, particularly later on the planning period when we are looking to reduce 

leakage by 50%.  For instance, the leakage schemes include assumptions about brand new technology.  If this 

technology is not developed then we risk not meeting these ambitious leakage reduction targets.  This would 
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mean that there would be a risk to levels of service, especially as the alternative options (e.g. transfers, 

reservoirs and reuse schemes) take a long time to develop.   

Guidance requires that savings from water efficiency or leakage schemes are applied to the baseline demand 

forecast to produce a final plan demand forecast.  However to ensure that we are not risking levels of service 

we have not included savings from all the leakage schemes to our final plan demand forecast, but have added 

them to the target headroom line, in effect creating additional resilience, which was a key theme of Ofwat’s 

guidance for Business Plans.  We understand other companies have taken a similar approach.  The figure 

below shows the approach we have taken, with a baseline demand forecast, which reduces as the optimal 

leakage schemes and water efficiency programme is applied.  Target Headroom is added to this line and then 

the most risky “non-optimal” leakage scheme savings are added to the target headroom line. 

Figure 1: Application of water efficiency and leakage options to our demand forecast and target 

headroom 

 

The plan that has emerged from completing all the steps of our decision making process is: 

 supported by the findings from our customer research 

 capable of meeting the minimum requirement of managing worst historic droughts on record 

 enables us to take the necessary steps to meet Defra’s 1 in 200 year reference levels of resilience 

between 2020 and 2025 

 provides the overall best value plan balancing environmental impacts and resilience with deliverability 

and cost whilst meeting the aspirations of some of our stakeholders and regulators regarding reducing 

consumption and leakage; and 

 adaptable to a range of likely sustainability reduction scenarios that we expect will become more certain 

following further investigations planned for completion between 2020 and 2025. 

 supportive of our ambition to more widely roll out innovative behavioural economic methods and deliver 

ambitious levels of future demand management savings and per capita consumption (PCC) reductions.   

 aligned with regulatory requirement/guidance to achieve higher levels of leakage reduction by 2025 and 

increasing through to 2050. 

 resilient to the risk associated with challenges to achieve ambitious consumption and leakage 

reductions. 
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2 Introduction 

Our decision making process took the supply demand balance, and the feasible options list to develop 

a conventional best value plan and then used the same economic model to consider a wider range of 

future uncertainty. We than used a new method recommended within the guidelines to stress test a 

range of potential plans to determine which would prove most adaptable to a wider range of possible 

futures, be acceptable to customers and most sustainable. Based on the representations received to 

our dWRMP we have incorporated additional leakage and water efficiency targets to the plan 

presented in our dWRMP.  

The guiding principles for water resources planning outline the following key policy priorities that the 

government and regulators expect water companies to address in their WRMPs:  

 Take a long term, strategic approach to protecting and enhancing resilient water supplies 

 consider every option to meet future public water supply needs 

 protect and enhance our environment, acting collaboratively 

 promote efficient water use and reduce leakage 

In addition to the above, the guidelines expect water companies to consider all of the most appropriate 

solutions for their systems taking into account: 

 customers’ preferences 

 costs and benefits (both monetary and non-monetary) 

 long-term best value 

 optimise long term solutions between regional water companies 

 increase the resilience of your system to drought or other threats 

 develop resources for sharing and import / export (depending on need) 

We believe these priorities align with our own approach to water resource planning and have therefore 

fully integrated these priorities into our decision making process to look beyond just financial cost.   

As shown in Figure 2, and described in greater detail in Appendix 8A, our decision making process 

followed these key steps 
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Figure 2: Decision making process 
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3 Problem characterisation 

As described in Section 1.6 of the main WRMP report and WRMP Appendix 1B, we assessed the 

uncertainties and risks we face over the course of the planning horizon through the problem 

characterisation framework.  

To manage the medium level of concern determined from this assessment, we adopted an enhanced 

least cost EBSD (Economics of Balancing Supply Demand) modelling approach that incorporates 

extended decision making methods.  

This approach gives us much greater insight into how our preferred plan will perform and adapt under 

a range of future uncertainties and risks.  
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4 Constructing an enhanced EBSD model 

We commissioned a specialist consultancy, decisionLab to construct an updated EBSD least-cost 

optimisation modelling tool capable of taking our feasible options list and generating total net present 

value (NPV) least cost plans for a range of different future supply-demand balance scenarios.  The 

term ‘least cost’ in this context includes financial, environmental, social and carbon costs.  

To comply with the guideline requirements, using the UKWIR risk based planning methodology, we 

enhanced the updated EBSD model in the following ways: 

 The model can run multiple and wide-ranging future scenarios over a 60 year period, and 

generate a least cost plan to resolve each scenario;  

 the model includes multi-criteria analysis (MCA) for all options within the model, so that we 

can identify least cost plans, that provide a best value plans under a range of scenarios – the 

MCA criteria used are: total NPV cost (£k), positive SEA score, negative SEA score, 

promotability, deliverability and option level resilience; 

 the model can run Info-Gap analysis – this is an advanced decision making method we have 

used to stress-test candidate least cost and best value plans to a range of increasing and 

plausible future uncertainty stresses on a consistent basis. This has given insight into our 

decision making round the best trade-off between cost, levels of resilience, adaptability, and 

timing and mixes of options that form our eventual preferred plan for WRMP19.  

Some other improvements in the updated EBSD model include full integration of the assessment of 

leakage options into the optimisation process, and the ability for outputs from the model to feed 

directly into the reporting water resources planning tables, providing greater quality assurance of 

outputs. 

A further advantage is that our modelling approach is the same as the WRSE regional modelling work 

– applying EBSD modelling and Info-Gap advanced decision making. This offers easier comparison of 

our company level modelling outputs with regional modelling solutions.  

Our updated EBSD modelling approach was demonstrated to the Environment Agency as part of our 

method discussions with them during the development of the WRMP19, and outputs presented to the 

stakeholders in our Environmental Focus Group.  

We took account of comments from both these discussions and also had our model peer reviewed by 

expert consultants, Atkins, to provide further technical quality assurance. 
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5 Step 1: Developing a “conventional” best 

value plan for dWRMP 

In the first stage of our decision making, we made a series of significant decisions which defined our 

best value plan. 

 Which level of drought resilience to plan for 

 which level of leakage to include in our preferred plan 

 how is our plan affected by our Strategic Environmental Assessment and Habitat Regulations 

Assessment, and within this assessment how to best account for sustainability reductions 

 how to ensure our plan aligns with customer preference and willingness to pay. This included 

revisions to the way we plan to engage customers about their water use 

Our work with WRSE was valuable during this first step of our decision making as it enabled us to 

participate in a regional combined environmental assessment. We also aligned with the group's work 

through a shared drought library.  

A summary of the cost results of eight model runs described in this section are provided in Appendix A 

of this document. A summary of which options, and their delivery dates, are selected across each of 

the eight model runs is provided in WRMP Appendix 8C. 

5.1 Worst historical drought on record  

The first stage of our modelling was to identify a plan to meet the regulatory minimum requirement to 

plan for a worst historical drought (a one in 100 year event), this formed a benchmark for a least cost 

plan to compare other model runs against. 

 

Sussex (WRZs 1, 2, and 3) 

In the short term (2020-25), the loss of the existing Darwell bulk supply from Southern Water (to 

resolve an existing INNS breach) in 2025 was replaced by expanding our existing treatment works 

Bewl and taking a new bulk supply from Southern Water direct from Bewl reservoir.   

In the medium term (2025 to 2045) the model selected a new intra-company transfer feeding the 

region from our WRZ 7; a new bulk supply from SES Water; a new surface reservoir at Arlington 

reservoir; and a water re-use scheme at Peacehaven. 

Over the longer term (2045 to 2080), the model selected two new desalination schemes, one at 

Eastbourne and one at Newhaven; and late in planning period a new surface water reservoir was 

required at Goose Green. 

West (WRZs 4 and 5) 

In the short to medium term we retained a positive supply-demand balance that continued through to 

the end of the 2050s.  

In the longer term (2045-80) two new bulk supplies were selected, one with Thames Water and one 

with Portsmouth Water; followed by a couple of new groundwater aquifer storage schemes; and later 
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in the planning period was a shared resource scheme with Thames Water to abstract and treat 

additional surface water from the River Thames. 

Kent (WRZs 6, 7 and 8) 

In the short term (2020-25) the model selected a large licence trade opportunity with Aylesford 

Newsprint. 

In the medium term (2025-45) the model selected an intra-company transfer from our WRZ 2; and 

three new supply schemes are developed: Broad Oak reservoir, Aylesford Re-use (joint scheme with 

Southern Water) and Medway desalination. 

Over the longer term (2045-80) the model selected a desalination scheme at Reculver, and a further 

expansion of our Bewl treatment works combined with the transfer our existing yield entitlement from 

Southern Water’s Burham works near Maidstone to Bewl reservoir instead. 

Demand management (company level) 

In the short term (2020-25) the model selected 2.5 Ml/d from further leakage reduction, and 2.0 Ml/d 

savings from conventional water efficiency initiatives – with the primarily focus being delivery in our 

Kent (WRZ 6, 7 and 8). 

Over the medium term (2025-45) the model selected further leakage savings increasing to 2.7 Ml/d; 

and retained 2.0 Ml/d savings from conventional water efficiency initiatives.  

Over the longer term (2045-80) the model selected further leakage increasing to 9.4 Ml/d reduction, 

1.2 Ml/d from customer metering and further savings increasing to 6.5 Ml/d from conventional water 

efficiency initiatives 

Plan costs 

The NPV (net present value) of the plan to 2080 was £1,240.6 M. The Totex required to deliver the 

plan in the short term (2020-25) was £89.8 M. 

A further breakdown of this model run 1 is provided in WRMP Appendix 8C of this document. 

5.2 Drought selection, worst historic drought and 1 in 200 year reference level of 

service  

To comply with the latest guidelines we ran the model to establish any resilience options required to 

deliver least cost plans capable of meeting both the worst historic drought and Defra’s 1 in 200 

reference levels of resilience.  

We then compared the impact of a move from a worst historic drought to a 1 in 200 drought.   

Supply schemes (company level) 

The model results show that, across all regions, planning to a more resilient 1:200 drought severity 

(compared with a worst historical drought) had little effect on schemes selected.  

The main effect was in the timing of the schemes. In most cases, to meet Defra’s 1 in 200 year 

reference levels of resilience required new schemes to come forward between 2 to 5 years.   

There were some schemes that were more sensitive and affected: 
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 Goose Green reservoir came forward by 15 years to 2060 

 Reculver desalination increased in capacity from 20Ml/d to 30Ml/d 

 A new intra-company transfer (RZ6 to RZ8), came forward by 10 years to 2035 

 The transfer of our entitlement from Southern Water’s Burham works to our own expanded 

Bewl WTW came forward by 15 years to 2055 

Demand management (company level) 

For demand management schemes, the impact of moving to Defra’s 1:200 year reference level of 

resilience were marginal; with slightly higher levels of leakage savings in the shorter term (2020-25); 

the same levels of metering; and slightly lower levels of savings from conventional water efficiency 

initiatives.  

Plan costs 

The NPV (net present value) of the plan to 2080 is £1,271.0M. The Totex required to deliver the plan 

in the short term (2020-25) was £111.3M. 

A further breakdown of this model run 2 is provided in WRMP Appendix 8C. 

5.3 Strategic Environmental Assessment  

The least cost plans selected to meet worst historical drought on record and Defra’s 1 in 200 year 

reference levels of resilience scenarios were subject to SEA to arrive at a best value plan.  

The MCA scoring of options within the model was used to support the SEA, and also to track how 

moving from the least cost plans to a best value plan improve the overall MCA score and 

environmental and social costs including carbon costs.   

In addition, the options assessment for the MCA was used as a basis for assigning high (red) medium 

(amber) and low (green) environmental risk categories to each option to provide a way to input directly 

into generation of options for different scenarios.  The risk categories were focused on risk in terms of 

environmental resilience to reflect the importance given to this aspect in the WISER document. The 

input to the modelling was undertaken through an iterative process with the analysis of each model 

scenario feeding back into further model runs. The starting point was to exclude all options identified 

as high risk or ‘red’ options and the results of this process is summarised below.  This approach 

avoided double counting with the environmental, social and carbon costs already included in the 

modelled costs particularly with respects to carbon and traffic impacts.  

An initial SEA run was undertaken with the aim to remove the highest risk environmental resilience 

options. The results of this run are explained below. This was followed by further subsequent SEA 

runs keeping the high risk options out as this allowed the demand supply to be met but also aiming to 

improve the balance and minimize the overall environmental risk for the combined portfolio of options. 

The SEA assessment of the plan scenarios included a more detailed analysis based on individual 

option assessment matrices and cumulative assessment which is reported in the SEA Environmental 

Report and is informed by the HRA.  
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Sussex (WRZs 1, 2, and 3) 

The initial SEA model run resulted in little change to the selection of schemes required to solve the 

supply-demand balance in the region.  

The Sussex region was affected instead by the removal of high environmental risk schemes from the 

neighbouring Kent – having the effect of delaying the construction of new Arlington reservoir by 5 

years to 2040 and bringing forward desalination at Eastbourne by 20 years to 2029. However, this 

result was not considered beneficial in environmental terms particularly in terms of timing for 

addressing potential impacts from desalination on a marine SPA. This was considered further in 

additional model run iterations. 

West (WRZs 4 and 5) 

The initial SEA model run removed a licence trade scheme for which the potential environmental 

impacts were considered high risk for impacts on spring fed streams and the Thames Water shared 

bulk supply was brought forward by 10 years to 2050. 

Kent (WRZs 6, 7 and 8) 

The initial SEA model run removed the effluent re-use schemes selected on the River Beult and Great 

Stour for which the environmental impact was considered high risk and alternatives should be 

considered.  

As the model could not solve the supply demand balance for the region without red option in this 

region the  delivery dates for two desalination schemes one on the Medway and one at Reculver were 

constrained, to no earlier than 2050 to give sufficient time for investigation and planning work to be 

carried out on what are considered to be SEA sensitive locations, and seek time for new improved 

treatment technologies to emerge and alternatives option and variants to be further investigated to 

avoid impacts on designated sites. 

In the initial SEA run, three alternative effluent re-use schemes were selected at Weatherlees (2035), 

Faversham (2045) and Hythe (2047), and the effluent re-use scheme at Aylesford was brought 

forward by 15 years to 2029. In addition, there was also the requirement for an intra-zonal transfer 

from WRZ6 to WRZ8 in 2045. These schemes are however energy intensive with potential interactions 

with other schemes. Environmental risks from water quality changes and brine discharges are noted 

for all these schemes but with the higher level of waste water treatment involved they provide potential 

for beneficial effects by supporting waterbodies especially in low flow periods. Weatherlees effluent 

reuse has potential to be supportive for the Broad Oak reservoir scheme and although associated 

infrastructure is located outside designated sites a proposed discharge of higher quality water would 

require further investigation to determine with sufficient certainty that the balance of beneficial and 

negative impacts would include no significant adverse effects on nearby designated European and 

nationally important sites. The effect of the increased concentration of waste effluent discharged via 

the existing wastewater outfall would need further investigation. 

Further model runs provided improvements on this initial SEA run and these are discussed in the 

following sections below.  

Demand management (company level) 

The demand management options were considered beneficial in terms of meeting SEA objectives and 

while the exclusion of the high risk options had little effect on the selection of demand management 



 

WRMP19 Appendix 8B Decision Making Results | August 2019 
 

Not confidential | Andrew Halliday:  |  Last saved: 19 August 2019 

File name: Appendix 8B WRMP19 Decision Making Results 190813 v3.0 Page 16 of 57 
 

schemes – subsequent iterations to optimise the benefit from these schemes were considered 

supportive in terms of a producing a better environmental plan.  

Plan costs 

The NPV (net present value) of the plan to 2080 is £1,560.6M. The Totex required to deliver the plan 

in the short term (2020-25) is £115.5M. 

The company is obligated to deliver the best environmental performing plan it can under its SEA 

objectives. To deliver a plan based on a first run to exclude the highest risk environmental resilience 

options (but without further iteration to improve environmental and overall performance) results in a 

3.8% increase to the NPV of the emerging preferred plan in the short term (2020-25). 

A further breakdown of this model run is provided in WRMP Appendix 8C. 

The results of this run indicated potential environmental issues with the combinations and timing of 

options that the model brought in to replace excluded options and this was examined further through 

additional model runs to improve environmental and overall performance. 

Cumulative environmental assessment  

A region-wide cumulative effects assessment (CEA) to support the Water Resource Management 

Plans (WRMPs) of each of the six water companies that form part of the Water Resources South East 

(WRSE) group has been carried out and this was provided as a draft to all companies (WRSE Draft 

CEA 2017). The study was based on supply-side options within each company’s WRMP19 feasible 

list.  This follows on from initial cumulative assessment information on potential interaction between 

company schemes shared and taken into account in plan development. 

The aim of the WRSE draft CEA was to provide a basis for flagging potential interactions between 

schemes and provide information for each of the companies to develop CEA within their own WRMP 

and associated SEAs.  

We have examined the WRSE draft CEA further focusing on the potential interactions relevant for our 

preferred plan options. This is a much smaller set of options in the SEW preferred plan compared to 

the feasible list options considered in the WRSE draft CEA. Information on the other company 

preferred plan options was not available at this stage and it is expected that some of the other 

company options may not be taken forward therefore the analysis is considered to be preliminary to 

flag issues for further investigation options alongside sharing of information on preferred plan options. 

There are also some limitations to the draft CEA with this being based on limited GIS option data and 

not including any implementation programme information. It focused on selected key nature 

conservation and landscape designations and catchment and waterbody receptors and spatial 

proximity. 2 has been updated and adapted from the WRSE draft CEA for SEW ’s preferred plan 

options. This highlights that most of the interactions between water companies’ options are between 

South East Water and Southern Water. Key receptors and catchments areas highlighted with potential 

for cumulative environmental effects include: South Downs National Park, North Wessex Downs 

AONB, High Weald AONB, Holborough to Burnham Marshes SSSI, River Ouse, River Medway, River 

Stour and River Thames.  These issues have been taken forward into the cumulative assessment in 

the SEA and to address potential effects additional company cooperation, investigation and scheme 

mitigation is identified where appropriate. This assessment will be updated as information on other 

company preferred plan options becomes available. In addition to the WRSE draft CEA, our HRA 

flagged the potential for in-combination (with possible other company options) effects on European 
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designated sites including marine protected areas; these will need to be assessed further with 

information on preferred plans from other companies’ WRMPs.  

Figure 3: Summary of potential option interactions by receptor and water company that require 

further assessment  
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Receptor  
Affinity 

Water 

Portsmouth 

Water 
South East Water 

Southern 

Water 

SES 

Water 

Thames 

Water 

Desalination and effluent 

reuse schemes and Southern 

Reservoir scheme 

River Thames 
and transitional 
water body 

  
Dependency on TW release 

to Thames 
   

Groundwater bodies 

 
  

No further assessment 

identified for groundwater 

body cumulative issues with 

SEW schemes. 

   

(adapted from WRSE draft CEA) 

5.4 Sustainability reductions 

In Section 6 of the main dWRMP report we highlighted sustainability reductions proposed by the 

Environment Agency to our existing sources as a key driver for future investment in the short (2020-

25) to medium (2025-45) term.   

Because of the uncertainty surrounding what final sustainability changes might eventually be required, 

and how, when those reductions are implemented to achieve greatest cost benefit – we undertook 

some further model scenario runs and tested the resulting least cost plans against SEA. The principle 

of incorporating future sustainability reductions in the plan was considered supportive of SEA 

objectives in relation to meeting Water Framework Directive requirements. 

Four separate scenarios were modelled: 

Scenario 1 – 100 per cent potential sustainability reductions by 2030 (reference level) 

Scenario 2 – 50 per cent potential sustainability reductions by 2030 

Scenario 3 – 100 per cent potential sustainability reductions by 2035 

Scenario 4 – 50 per cent potential sustainability reductions by 2035 

Sussex (WRZs 1, 2 and 3) 

The difference in volumes between assuming 50 and 100 per cent of likely sustainability reductions 

was 6Ml/d. 

Deferring the delivery date for likely sustainability reductions back to 2035 and adopting 50 per cent of 

those reduction brought forward the selection of Peacehaven re-use scheme (2028) in advance of the 

Eastbourne desalination scheme (2053). 

This represented the solution that performs best under SEA. Still able to be adapted later to 

accommodate a worst case 100 per cent of likely sustainability reductions being required by 2030, 

should the outcome of the further investigations planned between 2020 and 2025 to confirm this to be 

necessary and cost beneficial.  
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West (WRZs 4 and 5) 

The difference in volumes between assuming 50 and 100 per cent of likely sustainability reductions 

was 7Ml/d. 

Because of the positive supply demand position through to 2050, the four scenario runs had little 

effect on the best value plan for the region. 

Kent (WRZ 6, 7 and 8) 

The difference in volumes between assuming 50 and 100 per cent of likely sustainability reductions 

was very large at 21Ml/d. 

Given the range of the likely sustainability reductions the impact on the best value plan for the region 

is very sensitive to the different scenarios we have run. 

Broad Oak reservoir was consistently selected as part of the best value plan, but the timing of Broad 

Oak reservoir is particularly sensitive to the date and volume assumed for likely sustainability 

reductions in the region i.e. anywhere from 2028 through to 2035. The additional investigations we 

have undertaken for the Broad Oak reservoir also have provided us with greater level of certainty over 

the balance of environmental impacts and enhancements and option deliverability.  As our modelling 

progressed, Broad Oak reservoir showed a consistent selection in 2033. We consider this as being the 

best overall strategy to go a good way to accommodate a lower probability worst case for 100% of 

likely sustainability reductions being required by 2030, and allowing the outcome of further 

investigations planned between 2020 and 2025 to confirm the level of sustainability reductions 

considered to be beneficial.   

The effect of only 50 per cent of likely sustainability reductions being required by a latest delivery date 

of 2035 the model selects Aylesford and Weatherlees re-use schemes. To achieve worst case 100 per 

cent likely sustainability reduction by 2035 would require additional re-use schemes at Faversham and 

Hythe, as well as increasing desalination at Reculver to 30Ml/d. This represented a least cost 

beneficial plan with significant increase in cost (see below) and delivery of a plan that scores much 

more poorly in SEA terms (increased carbon and environmental risk).  

Achieving the likely sustainability reductions earlier has the effect of bringing forward the same 

schemes so they deliver earlier, incur more cost over the planning period, still score poorly in SEA 

terms, and therefore is more challenged in cost beneficial terms.   

Demand management (company level) 

Adopting more likely sustainability reductions, by the earlier date of 2030 resulted in slightly higher 

levels of leakage reductions in the shorter term between 2020 and 2030.   

Plan costs 

Further breakdowns of the sustainability scenario model runs 3 to 6 are provided in WRMP Appendix 

8C. 

On the basis of the scenarios assessed we aligned with a best value plan that supports the 

implementation of 50 per cent of likely sustainability reductions by 2035. We considered this to 

represent best performing plan in SEA and cost beneficial terms, while offering the most adaptable 

plan too given the levels of uncertainty that currently exist round the final level of sustainability 

reductions that will be required, and will become more certain following further investigations being 
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planned between 2010 and 2025. This approach we believe provides the right balance between cost 

and risk. 

50 per cent likely sustainability reductions by 2035: The NPV (net present value) of the plan to 2080 

was £1,009.2M. The Totex required to deliver the plan 2020-3035 was £105.6M. 

5.5 Customer preferences and willingness to pay 

As a crucial step for the dWRMP we compared the best value preferred plan developed in earlier 

steps with the Customers’ options preferences, levels of service, levels of resilience and willingness to 

pay obtained through qualitative and quantitative research.  

Accent and PJM Economics conducted our customer research study for South East Water to help us 

understand customers' preferences for how we can manage our water resources.   

Figure 4 shows customers’ ranking of measures. 

Figure 4: Supply and demand measures preferred by our customers 

Rank Supply-demand measure 

1st Reduced leakage rate 

2nd Higher water efficiency 

3rd Underground storage 

4th More water gained from water treatment works 

5th Increase ground water use 

6th New surface water reservoirs 

7th New water transfers from neighbouring companies 

8th Catchment management 

9th More effluent re-use 

10th Desalination 

 

Leakage and water efficiency 

Of the measures examined, reducing leakage rates and further water efficiency, scored very high 

positive willingness to pay values that were also statistically significant. These are the measures that 

customers are willing to support by paying extra on their water bills 

Effluent re-use and desalination 

Effluent re-use and desalination were least supported by customers, who would prefer not to see 

these options implemented, but without strong willingness to pay to avoid them outright.  

The customer research supports our own SEA findings which have highlighted uncertainty over the 

balance of environmental effects and has resulted in effluent reuse schemes not previously identified 

in WRMP14, and desalination schemes being moved to the latter part of the planning period allowing 

time for further investigations.  
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We have considered the findings that customers rank transfer of water from other companies as 

relatively low.  We believe this is on the conceptual level as from focus group work it was clear that 

customers felt shared water was less reliable and trusted it less.  While this perception is real we have 

chosen to not influence our choice of schemes based on this customer finding as it potentially ignores 

the wider benefits that accrue from water sharing. 

Levels of service 

On levels of service, customers did not express a strong willingness to pay to increase service levels 

to a 1 in 200 drought level. 

Plan costs 

The NPV (net present value) of the plan to 2080 was £1,053.9M. The Totex required to deliver the 

plan in the short term (2020-25) was £111.7M.  

A further breakdown of this model run is 7 provided in WRMP Appendix 8C. 

5.6 Reducing leakage by 15 per cent by 2025 

In its draft methodology for PR19 price review, Ofwat included an expectation for companies to either 

include a reduction in leakage by 15 per cent by 2025 or performance to be within the upper quartile 

ranking of the industry, using the industry comparator of litres per property per day. 

 

The analysis of our leakage performance showed that relative to the rest of the industry we are 

already within the upper quartile, and our leakage level is 22.6 Ml/d below our SELL (sustainable level 

of leakage). We describe this in more detail in Appendix 5D, Leakage). However, for dWRMP we 

tested the 15 per cent leakage reduction (from our current baseline levels) by including it in our 

modelling to consider the impacts on our best value central case. 

 

The modelling work during dWRMP identified that, based on the current levels of leakage in each of 

our water resource zones, the maximum possible reduction by 2025 would be 11 Ml/d (12 per cent). 

This reduction of 12 per cent over a short period of time would be expensive to achieve, and would 

have a high level of risk associated with being able to realistically achieve it.   

 

For this reason we did not include the outputs of this modelling in our dWRMP preferred plan.  

 

The final selection of options for our WRMP19 was guided by the comparative cost-effectiveness of 

leakage reductions versus other modelled options that can manage the supply demand balance; by 

the preferences and support of our customers, via our research on their priorities and willingness to 

pay for investment; and the SEA.  

 

Plan costs 

The NPV (net present value) of the plan to 2080 was £1,162.1M. The Totex required to deliver the 

plan in the short term (2020-25) was £121.5M.  

A further breakdown of this model run 8 is provided in WRMP Appendix 8C. 
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5.7 Summary of findings from step 1 

The preferred plan that has emerged from completing step 1 is: 

 supported by the findings from our customer research 

 capable of meeting the minimum requirement of managing worst historic droughts on record 

 enables us to take the necessary steps to meet Defra’s one in 200 year reference levels of 

resilience between 2020 and 2025 

 provides the best value plan in SEA terms 

 adaptable to a range of likely sustainability reduction scenarios that we expect will become 

more certain following further investigations planned for completion between 2020 and 2025; 

and  

 supportive of our ambition to more widely roll out innovative behavioural economic methods 

and deliver ambitious levels of future demand management savings and per capita 

consumption (PCC) reductions.   

 

The capacity of the preferred plan that emerged at the end of step 1 is summarised in Figure 5 below.  

Figure 5: Capacity figures for preferred plan 

Option Type 
Cumulative Capacity Ml/d 

AMP7 AMP8 2044/45 2079/80 

Leakage 
3.8 6.3 7.0 14.0 

Water Efficiency 
2.2 1.9 5.7 20.7 

Groundwater 
18.2 18.5 22.7 29.6 

Surface Water 
0.0 0.0 35.7 75.1 

Water Treatment 
0.0 9.0 9.0 9.0 

Effluent Re-Use 
0.0 25.0 34.0 48.8 

Desalination 
0.0 0.0 0.0 70.0 

Company Transfers 
[0.0] [13.0] [18.0] [42.6] 

Regional Transfers 
0.0 0.0 9.0 27.0 

Totals 
24.2 60.7 123.1 294.2 
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6 Step 2: Advanced decision making: 

consideration of a wider range of future 

uncertainty 

6.1 Recognising uncertainty and ensuring an adaptable plan 

In accordance with the new UKWIR risk-based methodologies we elected to test a wider range of 

future scenarios through our EBSD model. This approach generated least cost plans for 108 different 

future scenarios. The variety of supply demand balances resulting from each of these 108 model runs 

is illustrated in Figure 6 below. 

The supply demand balance, updated for our WRMP, across each of the 108 scenarios by 2080 

ranged from a surplus of 168 Ml/d (in our most optimistic low demand case) to a deficit of 712 Ml/d (in 

our most severe high demand case). By comparison, our baseline supply demand scenario had a 

deficit of 225 Ml/d by 2080. 

The result was most sensitive to the assumptions used around the demand forecast. The graph clearly 

illustrates the supply demand balances diverging in three distinct groups towards the end of the 

planning period. The higher group contains the assumption that demand grows more slowly than our 

central case. The central grouping contains the central case demand forecast. The lowest group with 

the most severe deficit contains the assumption that demand for water increases higher than in our 

central case. 

Figure 6: WRMP Range of company-level supply demand balances for generated scenarios 
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The purpose of modelling these scenarios was to understand how, and to what extent, the 

composition and timing of options selected in each alternative scenario differs from those included in 

our emerging best value draft preferred plan from Step 1 above, and also our  preferred plan from 

Step 5, described in Section 9 below. 

For dWRMP we evaluated types of options selected for all 108 scenarios in a number of ways:  

 We identified options that are selected regularly across scenarios and are therefore 

considered to have high certainty and low levels of regret.  

 conversely, we identified options that are sensitive to future changes across scenarios, or are 

less regularly selected or interchangeable.  

 we compared the options with our emerging best value preferred plans 

 

A summary of the results showing the options selected, and year of selection, is provided in WRMP 

Appendix 8D.    

 

Drought permits and options 

As would be expected, the use of drought permits and options tends to increase as scenarios increase 

in severity: at high demand conditions drought permits and options were always required. 

Desalination and effluent re-use 

In low demand scenarios, desalination and effluent re-use schemes were rarely selected. The number 

of these types of schemes increased as the scenario severity worsens. For high demand conditions, 

all available desalination and effluent re-use schemes were generally selected with the timing of 

delivery advancing as the scenario severity worsens.  

Regional transfers 

For low demand conditions, the use of regional transfers was limited to a 10 Ml/d supply from SES 

Water into our WRZ1. For medium demand conditions, this supply was supplemented by a 10 Ml/d 

supply from Thames Water into our WRZ4 and a 10 Ml/d supply from Portsmouth Water into our 

WRZ5. For high demand conditions these three transfers were always required, with the Portsmouth 

Water supply increased to 20 Ml/d. 

The number of company transfers and other supply-side schemes increased as the scenario severity 

worsens. For high demand conditions, all available schemes were generally always selected with the 

timing of delivery advancing as the scenario severity worsens.  Across all scenarios, both the 

Aylesford Newsprint and Bewl WTW expansion - Darwell replacement schemes were selected on a 

consistent basis at the same dates of 2023 and 2025 respectively. 

Demand management 

A high level of demand management schemes was selected in all demand scenarios. All demand 

management schemes were selected at least 50 per cent of the time. In general terms, demand 

management schemes were selected either early in AMP 7 or towards the end of the 60 year planning 

period. 

Supply-side schemes 
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The table below summarises the supply side schemes that were selected more than 50 per cent of the 

time across all 108 scenarios: 

A summary of the portfolio of options selected across all of the info-gap scenarios model runs carried 

out during step 2 is provided separately in WRMP Appendix 8E. 

Figure 7: Selection of supply-side schemes 

Scheme title 

Times 
selected 
across 

scenarios 

Included in 
our dWRMP 

preferred 
plan  

(Step 1) 

Included in 
our WRMP 
preferred 

plan  
(Step 5) 

Aylesford Newsprint 96% Y Y 

WRZ7 to WRZ1 company transfer 95% Y Y 

SES Water transfer to WRZ1 87% Y Y 

WRZ7 to WRZ2 company transfer  84% Y Y 

Desalination of River Medway tidal water at 
Aylesford/Snodland 

82% Y N 

Bewl WTW expansion - Darwell replacement 82% Y Y 

WRZ2 to WRZ7 company transfer 77% Y N 

Desalination at Eastbourne coupled to biomass - fuelled 
power plant  

75% Y N 

Increase yield at Ford WTW 73% Y N 

WRZ6 to WRZ1 company transfer 72% Y N 

Cemex Halling licence trade  72% Y N 

Aylesford effluent re-use 68% Y N 

Thames Water transfer to WRZ4 67% Y N 

Broad Oak reservoir 66% Y Y 

Catchment management – Woodgarston 66% Y Y 

WRZ6 to WRZ7 company transfer (Burham – Bewl) 65% Y N 

Confined chalk – Farnborough 65% Y N 

Coors Brewery Alton licence trade 65% N N 

Effluent reuse to River Ouse: source - Peacehaven  64% Y N 

Catchment management – Pembury 63% Y Y 

Increased abstraction from River Thames 63% Y N 

Desalination at Newhaven (WRZ2) - Mid Sussex 62% Y N 

Reculver RO desalination of brackish groundwater  58% Y N 

Portsmouth Water transfer to WRZ5 53% Y N 

WRZ6 to WRZ8 company transfer 53% N N 

Indirect use of effluent from Weatherlees WwTW - into 
Great Stour 

52% Y N 

WRZ3 to WRZ2 company transfer 52% Y Y 

 

There was a high level of consistency between the above frequently selected schemes and those in 

our best value plans from step one and step 5, and therefore a low level of regret, as all schemes that 

feature in our plans are included in the above table. 

 

All demand management schemes within our best value plan were selected at least 50 per cent of the 

time.  

 



 

WRMP19 Appendix 8B Decision Making Results | August 2019 
 

Not confidential | Andrew Halliday:  |  Last saved: 19 August 2019 

File name: Appendix 8B WRMP19 Decision Making Results 190813 v3.0 Page 26 of 57 
 

In low demand scenarios, desalination and effluent re-use schemes were rarely selected. The number 

of these types of schemes increased as the scenario severity worsens. For high demand conditions, 

all available desalination and effluent re-use schemes were generally selected with the timing of 

delivery advancing as the scenario severity worsens.  

 

The number of company transfers and other supply-side schemes increased as the scenario severity 

worsened. For high demand conditions, all available schemes were generally always selected with the 

timing of delivery advancing as the scenario severity worsened.  Across all scenarios, both the 

Aylesford Newsprint and Bewl WTW expansion - Darwell replacement schemes were selected on a 

consistent basis at the same dates of 2023 and 2025 respectively. 

This step of our modelling has contributed to ensuring our plan is adaptable in case the future does 

not turn out to be as forecast in our most likely central case. 

6.2 Levels of resilience and links to drought plan 

The scenarios that considered different levels of drought severity were aligned with those generated 

and tested in our revised drought plan published in December 2017. 

Model runs were completed for worst historical drought conditions (1 in 100 year drought severity), 

and plausible more severe drought events than seen in the historical record based on 1 in 200 year 

(same as Defra’s 1 in 200 reference level of resilience) and 1 in 500 year drought severity. For each of 

the different drought severity run, a supply-demand scenario was included with and without the 

benefits of drought permits and orders. 

In our revised drought plan published December 2017 we included a three consecutive dry winters’ 

scenario at the request of the Environment Agency. This was to represent what might happen in a 

drought like that we experienced in 2010-12, had it not rained and continued for another (third) dry 

winter.  

In terms of severity, we considered that the third dry winter event sits in between the droughts of 1 in 

200 year and 1 in 500 year drought severity.  

We were particularly interested in the 1 in 200 year and 1 in 500 year drought events when evaluating 

the level of benefits achieved with and without restrictions, drought permits and drought orders, to 

understand the role of resilience options to mitigate the impacts of drought under plausible more 

extreme drought events.   

The model runs indicated that a plan that achieves Defra’s 1 in 200 year reference levels of resilience 

without a reliance on drought plan measures would provide a high degree of resilience to three dry 

winter events with drought plan measures and greatly reduce a need to adopt level 4 restrictions i.e. 

standpipes and rota cuts. 

Planning to this level might in theory also provide a reasonable level of resilience to manage 1 in 500 

year drought, although the risk of level 4 restrictions could not be ruled out. However, it is important to 

remember that such drought would be an extremely rare and unlikely event.     

6.3 Impact of high range climate change scenarios  

Our central case supply and demand forecasts already incorporate medium range future impacts from 

climate change. The purpose of the high climate change scenario runs was to understand the likely 

sensitivity and levels of vulnerability of our best case central plan to such future conditions.   
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The selection and timing of schemes across the high climate change scenarios tended to follow the 

same trends and patterns as already seen with the high demand scenarios, but with climate change 

being a slightly less severe factor than demand.  

Desalination and effluent re-use schemes were selected more frequently in high climate change 

conditions than for a medium climate change condition, with the timing of delivery of these schemes 

advancing as the scenario severity worsened.  

Drought permits and options were generally always required in high climate change conditions. But, 

when high climate change conditions were combined with a high demand and extreme drought, even 

the use of this additional water is insufficient to resolve the supply-demand deficit over the full 60 

planning period. 

6.4 Stress testing of solutions  

The purpose of this step in the decision making process is to help understand which assumptions and 

factors have greatest influence on our dWRMP, and hence to provide confidence that the plan was 

robust under a wide range of uncertainties. Stress-testing evaluated the plan against extreme storm 

events, contamination spills and a wider range of future uncertainties. 

Before starting this step, we first slimmed down the 108 scenarios to a smaller number that could be 

taken forward for further evaluation and stress-testing. We did this using our MCA metrics and a 

Parallel Coordinates visualisation tool.  

The Parallel Coordinates tool allowed the filtering of scenarios based on the following MCA metrics: 

 Total NPV cost (£k) 

 positive SEA score 

 negative SEA score 

 promotability 

 deliverability 

 option-level resilience 

We performed three types of stress-testing to assess the resilience of the selected portfolios to: 

a) Uncertainty with regard to climate change, drought, water quality issues and sustainability 

reductions  

b) storm-related events such as flooding, power outages and water quality issues 

c) contaminant spills 

Under stress testing a) the robustness of the shortlisted portfolios was tested against 11 increasing 

levels of (Info-Gap) uncertainty, generated using the scenario with the most challenging supply 

demand balance conditions. The analysis was used to show the scale of the potential impact on the 

supply/demand balance over the planning period for each shortlisted portfolio’s. 

We measured each portfolio’s performance levels against three metrics: demand failures, reliability 

and vulnerability. 

Demand failures 

The Low DI portfolios showed deficits right from the 1st Info-Gap level and these increased to over 

15% of DI by 2044. When extended to 2079, these deficits continued to grow to 30% of DI by the final 
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11th Info-Gap level. The Medium and High DI portfolios also showed deficits from the 6th Info-Gap 

level although these were considerably more modest when compared to the Low DI portfolios. 

Reliability 

Reliability is the percentage of years, over the planning period, where there is no deficit. As with 

demand failures, reliability was poor for the Low DI portfolios, only avoiding deficits around 10% of the 

time by 2079 (at the 11th Info-Gap level).  For the Medium and High DI portfolios, 100% reliability was 

shown up to the 6th Info-Gap level, above which the High DI portfolios started to demonstrate a higher 

performance. 

Vulnerability 

Vulnerability is a measure for the average deficit over years where a deficit actually occurs. A similar 

pattern is seen as in previous results above, with the Low DI portfolios having significantly higher 

levels of vulnerability by 2079 across all Info-Gap levels. For the Medium and High DI portfolios, there 

were no deficits up to the 6th Info-Gap level, above which one of the High DI portfolios started to 

demonstrate a slightly higher performance. 

Under stress testing b) percentage reductions were applied to the supply forecast to take account of 

flood, water quality and power outages caused by extreme storm events. Across all three metrics the 

High DI portfolios comfortably performed the best. The Low DI portfolios again performed poorly with 

average deficits around 20 Ml/d in several zones, reliability consistently below 50%, and very rarely 

managing to recover deficits. 

Finally, under scenario c) we applied further percentage reductions to the supply forecast to analyse 

the impact of contaminant spill events that could lead to a forced emptying of the reservoirs. This 

stage of the stress testing proved most challenging on the portfolios and so all three metrics generally 

performed worse across the board. The relative performance between the portfolios remained similar 

to that previously observed. 

Conclusions 

Through stress testing, the portfolios generated from the least challenging demand forecast scenarios 

demonstrated significantly lower levels of robustness to deal with uncertainty and/or extreme events 

compared to our central case, whilst those generated from the high demand scenario were 

significantly higher in cost.  

By carrying out three types of stress testing against a range of future uncertainty and extreme events, 

we were reassured that our preferred plan achieves a good balance between cost and risk. 

Of the portfolios generated by the central case demand forecast scenario, our preferred plan 

performed well across all stress testing and also in terms of the MCA promotability and deliverability 

criteria. 

The full results of this process are given in Appendix B of this report. 



 

WRMP19 Appendix 8B Decision Making Results | August 2019 
 

Not confidential | Andrew Halliday:  |  Last saved: 19 August 2019 

File name: Appendix 8B WRMP19 Decision Making Results 190813 v3.0 Page 29 of 57 
 

7 Step 3: Comparison of our dWRMP with 

regional plans generated by WRSE modelling 

work 

7.1 Introduction 

Water Resources in the South East (WRSE) is a sector-wide partnership that, every five years, 

develops a south-east strategy for water.  It was formed in 1996 as a direct result of a 

recommendation from the old Monopolies and Mergers Commission which (in reviewing a proposed 

merger of two small water companies in Kent) suggested there should be better regional co-operation 

when it came to sharing water. Today, it is still going strong, and covers an area of 21,000 km2 with a 

population of some 19 million people, and 2 million businesses. 

The core membership comprises six water companies (Affinity Water, South East Water, Southern 

Water, SES Water, Portsmouth Water and Thames Water) working alongside the Environment 

Agency, Ofwat, the Consumer Council for Water, Natural England, the Department for the 

Environment, Food and Rural Affairs (Defra), the Canal and River Trust, the Greater London Authority, 

and other partners. 

7.2 Aim of the WRSE 

The aim of WRSE is to identify how best to share the water resources at a regional level.  It also looks 

further afield, working with neighbouring regions of the UK and their water companies to explore inter-

regional water transfers.   

Our work focuses on exploring opportunities across the region for existing and new water resources to 

be shared in the most efficient and effective way, to provide reliable, sustainable supplies at best value 

to customers while also protecting the environment.  This is because we expect the pressure on water 

supplies in South East England to increase in the future due to many reasons including climate 

change, population growth and the need to further protect the environment.  

The water supply network within south east England is a complex pattern of different water company 

areas and water resource zones. This is a result of the historic development and integration of local 

systems over more than a century, plus the fact that division of the region after privatisation did not 

necessarily align with catchment or water resource system boundaries.  Therefore, the fundamental 

approach of the WRSE is to ignore water company boundaries, and look across the region, to assess 

best ways to share available water.  

Many of the water resource zones across the South East currently, or in the future, will experience 

shortfalls in water availability. However, there are also areas that have water that can be shared.  By 

looking at a regional scale we can try to maximise the benefits of sharing of water resources across 

the area, and in doing so, reduce the need for new water schemes or developments, and reduce 

existing abstraction. 

Our planning work help us to understand which options might be best for the south-east in the long-

term (such as strategic schemes that are not necessarily justifiable on a single company basis but 

would be beneficial on a regional scale) which will help the region become more resilient to drought, 

outage and the environment.  
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With this aim in mind, the WRSE has undertaken different projects covering water and environmental 

assessments, which are summarised below. 

7.3 Examining the potential for environmental impacts across the region 

In partnership with Natural England, the WRSE has examined the potential cumulative (or in-

combination) effects of the options being considered by the member companies for their upcoming 

draft Water Resource Management Plans (WRMPs).  This is the first time that a collaborative regional 

appraisal of the potential for cumulative environmental impacts has been undertaken on a regional 

scale, by water companies. 

The WRSE commissioned the consultancy, Ricardo, to undertake this work.  After having developed a 

robust methodology, Ricardo first looked at the WRMPs produced for the Periodic Review 2014, and 

determined that no significant issues had been overlooked.  Then Ricardo used the methodology to 

scrutinise the feasible options under consideration by the WRSE member companies for their draft 

WRMPS for PR19.  The assessment found that there is potential for cumulative effects from most 

WRSE companies, on receptors and catchments. The findings included the potential inter-

relationships between schemes and the impact pathway.  

7.4 Addressing the future need for water: optimisation modelling  

For the PR19 planning cycle, the WRSE is looking over a very long horizon of sixty years (from 2020 

to 2080) exploring different factors such as:  

• a greater range, and severity, of future droughts;  
• different population growth forecasts; 
• greater protection of the environment through reduced abstraction; 
• effects of poor water quality   
• resilience to extreme events 
• reducing water demand and leakage rates still further. 

This is done via several plausible “what if?” scenarios to examine potential future water demand using 

an optimisation model. An optimisation model seeks to minimize the total economic costs of meeting 

future water demands for these future scenarios, by selecting a portfolio of options, from a choice 

available to it that cover both supply and demand management schemes.  Using such a model allows 

the development of strategies to address future water needs; it has been a standard approach of the 

water industry for many years.   

To inform the draft WRMPs, the WRSE group used its bespoke EBSD optimisation model to assess 

many different possible futures, to see what groups of options were the best choice to satisfy the 

deficit, and to test their resilience.   

The modelling work followed a structured process with three distinct stages: 

Stage 1: Develop a wide range of future scenarios; select a subset of these 

scenarios to evaluate the ability of the region to cope with them 

144 scenarios were compiled based on different combinations of factors for: 

 Distribution input (DI) - population growth impacts on DI 

 Drought - drought severity impacts on deployable output (DO)  

 Sustainability reductions (SR) – loss of DO due to SR 

 Drought permits and orders – influence of the use of permits and orders 

 Regional targets - PCC and reductions in leakage 

The WRSE group selected eight of the 144 future scenarios to run in the EBSD model. 
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Stage 2: Run the selected scenarios in the EBSD model to generate portfolios of 

options that can meet the challenges posed by each possible future. Evaluate the 

results and then identify portfolios that can cope with the widest range of different 

futures.  

Details of the nine scenarios that were generated and associated supply demand balance deficits are 

shown in Figure 8 below: 

Figure 8: Details of the scenarios chosen for modelling 

 
 

Of the nine scenarios listed above, Scenario 7, showed the closest alignment with the uncertainty 

factors for the central case used in our own decision making. We compared our plan against this 

planning scenario which was most like our own central case planning scenario and decision making. 

Stage 3: Analyse further the four portfolios. Compare the performance of these 

portfolios under a wide range of future uncertainty through controlled stress testing.  

There were two stages to the stress testing. The first stage evaluated the relative robustness of the 

four portfolios to increasing uncertain trends. The range of uncertainty was divided into six Info-Gap 

levels: Base, 1, 2, 3, 4 and 5, with a 25% increase for each level in all uncertain parameter values 

from 0% (IGB) to 125% (IG5). 

The second stage modelled the event-driven impacts to evaluate the relative resilience of the four 

portfolios to more sudden and severe outage, such as extreme storms and reservoir contamination 

events. 

 

 

 

Scenario 2079-80 SDB Scenario description DI Drought Uncertain SR
Permits and 

Orders

Regional 

Targets met

Scenario 1 -888.48

Medium DI, 1:200 drought and regional targets 

for PCC (110 by 2050) and Leakage (15% 

reduction by 2025) met - No Drought actions 

(demand or supply side)

Medium Severe No No Yes

Scenario 2 -1310.38

Medium DI, 1:200 drought - All Drought actions 

(drought demand reductions and supply side 

permits and orders)

Medium Severe No Yes No

Scenario 3 -1576.57
Medium DI, 1:100 drought - only drought 

demand side reductions for all except Thames
Medium Worst No

Only demand 

reductions
No

Scenario 4 -1756.00
Medium DI, 1:100 drought - No Drought actions 

(demand or supply side)
Medium Worst No No No

Scenario 5 -1906.29

Medium DI, 1:500 drought, with Uncertain SR - 

All Drought actions (drought demand 

reductions and supply side permits and orders)

Medium Extreme Yes Yes No

Scenario 6 -2009.05
Medium DI, 1:200 drought - No Drought actions 

(demand or supply side)
Medium Severe No No No

Scenario 7 -2342.51
Medium DI, 1:200 drought, with Uncertain SR - 

No Drought actions (demand or supply side)
Medium Severe Yes No No

Scenario 8 -2604.96
Medium DI, 1:500 drought, with Uncertain SR - 

No Drought actions (demand or supply side)
Medium Extreme Yes No No

Scenario 9 -1829.62
Medium DI, 1:100 drought - only drought 

demand side reductions for all except Thames
Medium Severe No

Only demand 

reductions
No
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7.5 Results and comparison against our preferred plan 

During summer peak conditions, the WRSE regional modelling identified a similar company level 

supply-demand deficit, by year 2079/80, to our own modelling. This alignment in supply-demand 

deficit provided reassurance that we were comparing the option set of our preferred plan against the 

WRSE regional modelling outputs on a like-for-like basis.  

A summary of the comparison is provided in Figure 9 and the sub-sections below. 
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Figure 9: Comparison of our preferred plan vs WRSE outputs 

Option type Option name 

Year 
activated / 
Preferred 

Plan 

Year 
activated / 

WRSE 
Outputs 

Scenario S7 

Times Selected 
across 9 WRSE 

Scenarios 

Catchment 
Management 

Targeted catchment management interventions in 
the Pembury area  

2027 2045 9 

Catchment Management Interventions at 
Woodgarston 

2035 2045 8 

Company Transfers 

SEW RZ7 to RZ1 Transfer - Kippings to Pembury 2025 2060 7 

SEW RZ7 to RZ2 Transfer - Bewl to Best Beech 2026 2070 7 

SEW RZ6 to RZ1 Transfer - Aylesford to Blackhurst 2026 Not Selected 0 

SEW RZ2 to RZ7 Transfer - Best Beech to Bewl 2032 2050 7 

SEW RZ3 to RZ2 Transfer - Arlington to Barcombe 2078 2065 4 

SEW RZ6 to SEW RZ7 Transfer - Burham WTW to 
Bewl WTW (Linked with Bewl WTW Expansion) 

2058 2030 9 

Conjunctive Use 
Conjunctive Use of Surface Water and Ground 
Water - River Ouse 

2075 Not Selected 4 

Desalination 

Desalination of River Medway tidal water at 
Aylesford/Snodland 

2050 2055 4 

Eastbourne Desalination coupled to biomass-fuelled 
power plant  

2046 2030 7 

Reculver Desalination of brackish groundwater  2071 Not Selected 4 

Effluent Re-Use 

Effluent reuse to River Ouse: Peacehaven 2028 Not Selected 0 

Aylesford effluent re-use 2038 2075 2 

Indirect Use of effluent from Weatherlees WwTW - 
into Great Stour 

2042 Not Selected 0 

Groundwater 

Aylesford Newsprint - use of existing groundwater 
sources 

2023 2030 9 

Groundwater licence trade: Folkestone Beds 
Abstraction, Halling 

2036 2050 9 

Confined Chalk - around Farnborough 2067 2070 4 

Regional Transfers 
(Imports) 

SESW to SEW RZ1  Transfer - Bough Beech to 
Riverhill SR 

2035 2030 9 

PRT to SEW RZ5 Transfer - Clanfield to Tilmore SR 2056 2065 4 

TWU to SEW RZ4 Transfer - Kennet to Buckhurst 
SR 

2060 2055 3 

Regional Transfers 
(Exports) 

SEW RZ4 to AFF - Egham to Surrey Hills Reduction 
(10Ml/d) 

2020 2025 9 

SEW RZ8 to AFF - Barham Continuation (After 
2019/20) 

2020 2025 9 

SEW RZ8 to SWS - Kingston to Wingham 2029 2025 4 

Reservoir 

Broad Oak Reservoir  2033 2030 4 

New Arlington Reservoir, R. Ouse 2032 Not Selected 1 

Goose Green Reservoir  2060 Not Selected 1 

Surface Water 
New Raw Water Abstraction from the River Thames 
upstream of Maidenhead 

2069 Not Selected 1 

Treatment 

Bewl-Darwell Option: Bewl WTW Expansion and  
transfer to Hazards Green 

2025 2025 9 

Release surplus hydrological yield at Ford WTW 
through treatment works upgrade 

2027 Not Selected 0 
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Regional transfers 

The WRSE regional modelling selected the same three inter-company imports and three inter-

company exports that we have included in our preferred plan. 

This demonstrates that we are adopting a plan that aligns with the regional WRSE approach and 

enhances our resilience through the sharing of resources to and from neighbouring companies.  

Supply-side options 

There were many schemes selected consistently across both the WRSE regional outputs and our 

preferred plan. However, where there were differences, these can be summarized as follows: 

 Direct import of water from Southern Water (SWS) into our WRZ6 and WRZ8 was selected in 

place of Weatherlees effluent re-use scheme and Reculver desalination scheme. 

We have discussed, with SWS, the availability of new imports into our WRZ6 and WRZ8, and 

concluded that these would be reliant on new resource development by SWS to make the imports 

feasible as there is no surplus water available. For this reason, we have elected to include our own 

supply side schemes such as Aylesford Re-Use, Weatherlees Re-Use and Reculver Desalination in 

our preferred plan in place of potential new imports from SWS. We will continue to work closely with 

SWS to identify the opportunities for shared use of these schemes. 

Although we identified a close alignment at company level between our own dWRMP and the WRSE 

scenario, there were some differences at a zonal level after 2060 as the levels of uncertainty grow into 

the future. This resulted in the following schemes not being selected by the WRSE outputs at the end 

of the planning period: 

 Conjunctive Use of Surface Water and Ground Water - River Ouse 

 Goose Green Reservoir  

 New Raw Water Abstraction from the River Thames upstream of Maidenhead 

Two additional desalination schemes, not included in our preferred plan, were selected by the WRSE 

outputs in WRZ2 and WRZ3. Our own investigations identified that for customer preference and 

environmental reasons, these two schemes should not be included. We consider that the selection of 

the two additional desalination schemes resulted in the following preferred schemes not being 

selected by the WRSE outputs 

 Effluent reuse to River Ouse: Peacehaven 

 New Arlington Reservoir, R. Ouse 

Company transfers 

 

Four intra-company transfers were selected consistently across both the WRSE regional outputs and 

our preferred plan.  

 

Demand-side options 

Over the 60 year planning period, the total level of savings selected across leakage, metering and 

water efficiency initiatives was similar, 24.4 Ml/d for the WRSE outputs compared with 34.7 Ml/d for 

our preferred plan. However, the make-up of these savings differed between our preferred plan and 

the WRSE outputs, as shown in the table below: 
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Figure 10: Comparison of Demand Management Savings with WRSE 

Demand Management Scheme WRSE Regional Plan  Our Preferred Plan 

Leakage 16.1 14.0 

Metering 1.1 0.0 

Water Efficiency 7.2 20.7 

Total at 2079/80 24.4 34.7 

 

In this section we have highlighted specific schemes that are proposed both in our planning, and also 

in the regional WRSE planning. In addition to these options, participating in the WRSE has contributed 

significantly to the strength of our plan. It has led to greater regional resilience, better sharing of water 

and coordinated planning through common definitions, methodologies and understanding of drought. 
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8 Step 4: Consultation on dWRMP 

8.1 dWRMP Consultation Process 

Following approval by Defra, our dWRMP19 was published on our website alongside all tables and 

appendices on 23 February. This triggered the start of the statutory consultation which ran for a 12 

week period, closing on 21 May 2018. The SEA Environmental Report, which included the Habitats 

Regulations Assessment, was published at the same time. 

Copies of the plan alongside all supporting appendices and tables were also made available to view at 

our head office in Snodland, Kent and our laboratory in Farnborough, Hampshire. 

To ensure a thorough, meaningful and measurable consultation a series of engagement objectives 

were devised to monitor its success, such as producing clear, well presented materials, understanding 

surrounding the options being considered and engagement reach. These were measured through 

customer and stakeholder feedback statistics. 

We were pleased to see a good spread of consultation responses, especially in those areas near to 

longer term large new infrastructure proposals in our preferred plan. 

In total, 149 official representations were submitted by customers, community organisations and 

stakeholders which we have subsequently broken down into 614 individual comments. Each of which 

has been responded to within our Statement of Response, with an explanation of whether this has 

resulted in a change to our dWRMP19 or not, and the reasons why either way.  

8.2 How the dWRMP19 consultation shaped our preferred plan 

Following the consultation period, we reviewed each of the representations received alongside other 

updates and new information. We listened and considered the feedback we had received and 

continued to work with stakeholders, regulators, our Environmental Focus Group and Customer 

Challenge Group to ensure changes to the plan appropriately reflected and took account of views 

received. 

The vast majority of the representations received during our formal consultation process have resulted 

in largely minor updates and clarifications as part of our statement of response, but not in themselves 

required material changes to be made to our plan. But there were two areas of feedback that have 

required us to revisit the preferred plan to be included as part of our WRMP19, these were:  

• Adopting more ambitious leakage reductions i.e. from our current position: meet Ofwat’s target 

for 15% leakage reductions by 2025; and consider the National Infrastructure Commissions’ 

recommendation to reduce leakage by half by 2050 

• Adopting more ambitious per capita consumption throughout the 60 year planning period. 

Giving due consideration to target figures proposed by some of the representations we 

received, and consideration of longer term projections included in the National Infrastructure 

Commission Report (i.e. achieve per capita consumption of 118l/h/d by 2050) and the Artesia 

report prepared on behalf of Ofwat (i.e. consider a range of scenarios leading to per capita 

consumption of between 110l/h/d and 76 l/h/d by 2065).    
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Further customer research we undertook during the consultation period confirmed customers were 

willing to support more ambitious per capita consumption and leakage reduction.  

As further assurance step, we asked our EFG to comment on whether our revised leakage reductions 

and per capita consumption reductions tested with customers, were sufficiently stretching.   

Those EFG members who responded agreed that reducing leakage from our current position by 15% 

in 2025, and reducing per capita consumption from 150 litres/head/day to 139 litres/head/day by 2025 

represented sufficiently stretching and achievable targets. 



 

WRMP19 Appendix 8B Decision Making Results | August 2019 
 

Not confidential | Andrew Halliday:  |  Last saved: 19 August 2019 

File name: Appendix 8B WRMP19 Decision Making Results 190813 v3.0 Page 38 of 57 
 

9 Step 5: Developing a Preferred Plan for 

WRMP 

The preceding sections of this Appendix describe the development of the set of schemes we proposed 

in the dWRMP. However, we have taken on board the representations received to our dWRMP and 

made considerable changes.  This section describes our approach to incorporating those 

representations. 

As described earlier and shown in Figure 1 our preferred plan for the WRMP is a modified version of 

the one we presented in the dWRMP.  The main changes are the more ambitious leakage and 

demand management targets we have included, but there are some other changes as well which are 

set out below. 

9.1 Incorporating our latest supply and demand forecast 

For WRMP we updated our supply demand forecasts to take account of our updated understanding of 

sustainability reduction and our revised demand forecast.  

9.2 A more ambitious approach to reducing consumption 

During the consultation for our dWRMP we were challenged on the level of ambition around our 

approach to reducing per capita consumption over the period of our plan. As a result, and following 

recent guidance and reinforcement from regulators, we reviewed the options which we included in our 

economic optimisation model.  Our WRMP includes much more ambitious targets to reduce 

consumption over both the short and longer term.  The table summarises the targets in the dWRMP 

and WRMP along with figures included in recent Ofwat and National Infrastructure commission 

reports. 

Figure 11: Summary of Per Capita Consumption targets 

Per capita Consumption (l/h/d) 2025 2040 2050 2065 2080 

South East Water dWRMP19 144 141 140 139 138 

South East Water WRMP19 139 123 115 103 90 

National Infrastructure Commission Report - - 118 - - 

Ofwat (Artesia) Report (South East region) - - - 110 to 76 - 

9.3 Leakage 

During the decision making process for our dWRMP we identified an optimal level of leakage 

reduction of 4 per cent (3.8Ml/d) by 2025.  After representations on the dWRMP, and following the hot 

dry period of June and July 2018, we have been able to update our demand forecast for the WRMP.  

This new forecast has resulted in different supply demand balances than we had in our dWRMP.   
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When we ran the economic optimisation model (model Run 9 in Appendix 8C) to develop a least cost 

plan it selected less than 4 per cent leakage reduction than we had in our dWRMP, however the 

results are sensitive to the assumptions we used, so for the purposes of generating the preferred plan, 

to consider a more ambitious approach to reducing consumption, we have adopted the 4Ml/d leakage 

saving and applied this to our final demand forecast (model Run 10 in Appendix 8C). 

 

However, there were several representations that there was not enough ambition in our dWRMP, so 

we have reviewed our approach.  The final selection of options for our WRMP19 is guided by the 

expectation of our regulators and the government, and the preferences and support of our customers, 

via our research on their priorities and willingness to pay for investment. It is also informed by the 

comparative cost-effectiveness of leakage reductions versus other modelled options that can manage 

the supply demand balance. This also takes account of the SEA and HRA and the assessment 

options with leakage reduction options providing long term environmental benefits.  We have therefore 

set ourselves a more challenging target of reducing leakage by 15% in the same period.   Beyond 

2025 we have included additional reductions, so by 2050 we expect leakage to be half of the current 

level.   

 

Reducing leakage by this level will require new technology and approaches and later it will require 

extensive replacement of our oldest water mains.  To ensure we meet levels of service we have 

included 4% leakage reductions in our final planning demand forecast but have included additional 

reductions as a surplus in the supply demand balance.  This means that the supply demand surplus is 

greater than it was in our dWRMP.   We have discussed this proposed approach with Defra, the EA 

and Ofwat, and received their support in principle. This means that we propose that only optimal 

leakage reductions be allowed to contribute towards meeting our supply demand deficit to 2025 i.e. a 

4% reduction from our current position.  The remaining reductions are in addition to target headroom 

(i.e. in addition to meeting the supply demand deficit any leakage reductions greater than 4% will add 

to resilience as it will represent an extra surplus to the supply/demand balance)  We are aware that 

other water companies have taken a similar view.   

9.4 SEA/HRA 

The dWRMP included options identified as higher risk for the environment and requiring down the line 

appropriate assessment particularly desalination and effluent reuse options. The majority of these 

options had been limited to the later part of the plan period reflecting the need for further study on the 

environmental effects and potential for mitigation. However, the additional provision for leakage 

reduction has allowed the higher risk options to be avoided in the WRMP and this has also provided 

scope to respond to stakeholder concerns on the dWRMP options. As a result the WRMP aligns better 

with the objectives of the SEA and HRA stage 1 screening has determined that plan level stage 2 

appropriate assessment not required.  

9.5 The Preferred Plan 

The impact of including a much more ambitious approach to reducing consumption, alongside the 

changes that we have made to our revised demand forecast (as explained in Section 5) has had a 

significant impact on the selection of supply side scheme within our preferred plan (referred to as 

model Run 13), particularly over the longer term.  

 

Where we had previously required the need for desalination schemes at River Medway, Reculver and 

Bexhill, along with effluent re-use schemes at Aylesford, Peacehaven and Weatherlees, these 

schemes are no longer being selected within the modelling. 
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Other schemes no longer being selected in the modelling are ASR (Beenhams), Farnborough 

groundwater scheme, Goose Green Reservoir, Halling licence trade, Ford WTW upgrade and the 

conjunctive use scheme on the River Ouse. 

 

The impact on the selection of regional schemes was that the share of the raw water abstraction from 

Thames Water’s major resource scheme and the Kennet transfer along with the Clanfield transfer from 

Portsmouth Water are no longer required. 

 

In addition the analysis showed that the catchment management schemes at Pembury and 

Woodgarston were not needed till later in the period, however, as these have an environmental driver 

we have included them for completion at 2034 and 2035 respectively to align with the WINEP 

programme.   

 

The table below summarises the yield of the options, including the leakage and water efficiency 

schemes in our WRMP. 

 

Figure 12: Capacity of schemes in WRMP 

Option Type 
Capacity Ml/d 

2024 2029 2044 2079 

Leakage 12.6 17.9 36.5 42.7 

Metering 0.0 0.0 0.0 0.0 

Water Efficiency 14.0 24.2 56.1 151.6 

Groundwater 18.2 18.2 21.5 21.5 

Surface Water 0.0 0.0 35.7 35.7 

Water Treatment 0.0 8.0 8.0 8.0 

Effluent Re-Use 0.0 0.0 0.0 0.0 

Desalination 0.0 0.0 0.0 0.0 

Company Transfers [0.0] [9.0] [9.0] [19.0] 

Regional Transfers 0.0 0.0 9.0 9.0 

Zonal 0.0 0.0 0.0 0.0 

Totals 44.8 68.3 166.8 268.4 
Brackets [ ] denotes company transfer capacities not included in total figures 

 

The NPV (net present value) of the plan to 2080 is shown in the table below. 

Figure 13: NPV of the preferred plan 

Option Type 
Totex Cost (£M) (Cumulative) 

2024 2029 2044 2079 

Leakage 25.8 40.8 456.4 654.8 

Metering 0.0 0.0 0.0 0.0 

Water Efficiency 6.4 11.8 23.3 36.0 
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Groundwater 25.1 26.4 31.2 35.5 

Surface Water 4.1 33.6 164.2 169.2 

Water Treatment 30.4 31.8 34.7 38.0 

Effluent Re-Use 0.0 0.0 0.0 0.0 

Desalination 0.0 0.0 0.0 0.0 

Company Transfers 2.1 14.4 15.0 19.5 

Regional Transfers 0.0 0.0 5.6 6.2 

Zonal   4.7 7.9 26.5 27.0 

Totals 98.6 166.7 757.0 986.2 
Costs are NPV and 2017/18 price base 

 

A further breakdown of this model run 13 is provided in WRMP Appendix 8C. 

9.6 Alternatives to the Preferred Plan 

 

As we have said, we have included 4Ml/d leakage reductions to the final plan demand forecast and 

the remaining non-optimal leakage on top of Target Headroom to provide resilience.  However, we 

have also undertaken additional work to understand the impacts of presenting all the leakage savings 

as changes to the final demand forecast.  

A summary of the results showing the options selected, and year of selection, is provided in WRMP 

Appendix 8D.    

 

Reducing leakage by 15 per cent by 2025 (WRMP)  

 

In this modelling run we adopted our more ambitious approach to reducing consumption, the changes 

that we have made to our revised demand forecast, and we allowed the model to select our most cost 

effective solution with the constraint of achieving a 15 per cent reduction by 2025. 

 

The impact of including a 15 per cent leakage reduction by 2025 was, in general, to remove a 

company transfer scheme from the plan and to delay the delivery of a catchment management 

scheme and a regional SES Water transfer from Bough Beech. 

A further breakdown of this model Run 11 is provided in WRMP Appendix 8C 

Reducing leakage by 50 per cent by 2050 

 

In this modelling run we adopted our more ambitious approach to reducing consumption, the changes 

that we have made to our revised demand forecast, and we allowed the model to select our most cost 

effective solution with the constraint of achieving a 15 per cent reduction by 2025 and a linear profile 

to increase this reduction to 50 per cent by 2050. 

 

The impact, on our supply side schemes, of including a 50 per cent leakage reduction by 2050 was 

similar to that of our 15 per cent model run. The key difference being the delay in the delivery of 

another company transfer scheme. 
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A further breakdown of this model Run 12 is provided in WRMP Appendix 8C 

Comparison of preferred plan to a worst historic (1 in 100) drought solution 

 

Our preferred best value WRMP is based on a one in 200 year reference level of drought, as part our 

decision making process we carried out a model run compare this plan against a solution for a one in 

100 year worst historic drought condition. 

 

The results of the modelling showed the differences to be marginal, even more so than at dWRMP 

stage. The impact of reducing our level of drought resilience to a one in 100 year, had no impact on 

the selection of supply side scheme in the short term to 2025.  Over the longer term, the only 

noticeable impact was to remove a company transfer scheme from the plan and to delay the delivery 

of a regional SES Water transfer from Bough Beech. 

A further breakdown of this model Run 14 is provided in WRMP Appendix 8C. 

9.7 Summary of findings from step 5 

The preferred plan that has emerged from completing step 5 is: 

 supported by the findings from our customer research 

 capable of meeting the minimum requirement of managing worst historic droughts on record 

 enables us to take the necessary steps to meet Defra’s one in 200 year reference levels of 

resilience between 2020 and 2025 

 provides drought resilience without bringing in higher risk options and provides a balance of 

water saving options and options with opportunities for wider environmental benefits, avoids 

the options identified as a risk for the coastal and estuarine environments and therefore the 

plan is much better aligned with SEA objectives and removes the requirement for HRA 

appropriate assessment. 

 adaptable to a range of likely sustainability reduction scenarios that we expect will become 

more certain following further investigations planned for completion between 2020 and 2025; 

and  

 supportive of our ambition to more widely roll out innovative behavioural economic methods 

and deliver ambitious levels of future demand management savings and per capita 

consumption (PCC) reductions.   

 aligned with regulatory requirement/guidance to achieve higher levels of leakage reduction by 

2025 and increasing through to 2050. 

 resilient to the risk associated with challenges to achieve ambitious consumption and leakage 

reductions. 
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10 Step 6: Comparison of our WRMP with 

regional plans generated by “phase 4” 

WRSE modelling work 

Following the close of the consultation period, further regional modelling has been undertaken, 

exploring more scenarios to assess the feedback from customers.  In addition, the scenarios being 

explored include a range of regional targets to assess the effect of meeting the recommendations from 

the NIC and Defra on leakage and per captain consumption in terms of option selection. 

Some changes have also been made to the company options under consideration.  Therefore, the 

assessment to determine potential cumulative environment impact has been repeated using updated 

information on company options, to inform the revised WRMP process.  The results have been 

provided to the companies so that they can be considered within the cumulative impacts section of the 

Strategic Environment Assessment. 

Details of the 16 scenarios that were generated and associated supply demand balance deficits used 

for the “phase 4” WRSE group regional modelling are shown in Figure 14 below: 

Figure 14: Details of the scenarios chosen for “phase 4” modelling 

 

Of the 16 scenarios listed above, scenario S5, showed the closest alignment with the uncertainty 

factors for the central case used in our own decision making. We compared our plan against this 

planning scenario which was most like our own central case planning scenario and decision making. 

Scenario
2079-80 SDB

Ml/d
Scenario description DI Drought

Uncertain 

SR
TUBS

Permits and 

Orders

Regional 

PCC 

Targets

Regional 

Leakage 

Targets

Scenario 1 -148.26 Core with DP Medium Severe 50% Yes Yes Yes 50%

Scenario 2 -266.22 Core with DP | 1:500 Medium Extreme 50% Yes Yes Yes 50%

Scenario 3 -370.77 Core with DP | 1:500 | 100% SR Medium Extreme 100% Yes Yes Yes 50%

Scenario 4 -578.53 Core no DP Medium Severe 50% Yes No Yes 50%

Scenario 5 -668.12 Core no DP | 1:200 | no TUBs Medium Severe 50% No No Yes 50%

Scenario 6 -813.57 Core no DP | 1:500 Medium Extreme 50% Yes No Yes 50%

Scenario 7 -846.48 Core with DP | 1:500 | 100% SR | no 118 Medium Extreme 100% Yes Yes No 50%

Scenario 8 -918.12 Core no DP | 1:500 | 100% SR Medium Extreme 100% Yes No Yes 50%

Scenario 9 -846.48
Core with DP | 1:500 | 100% SR | no 118 | 

Leakage at 30%
Medium Extreme 100% Yes Yes No 30%

Scenario 10 -1393.83 Core no DP | 1:500 | 100% SR | no 118 Medium Extreme 100% Yes No No 50%

Scenario 11 -1289.28
Core no DP | 1:500 | 50% SR | no 118 | 

Leakage at 30%
Medium Extreme 50% Yes No No 30%

Scenario 12 -1393.83
Core no DP | 100% SR | 1:500 | 100% SR | 

no 118 | Leakage at 30%
Medium Extreme 100% Yes No No 30%

Scenario 13 -578.53 Core no DP | 1:200 | Leakage at 30% Medium Severe 50% Yes No Yes 30%

Scenario 14 -683.09
Core no DP | 1:200 | 100% SR | Leakage at 

30%
Medium Severe 100% Yes No Yes 30%

Scenario 15 -728.53
Core with DP | 1:200 | 100% SR | no 118 | 

Leakage at 30%
Medium Severe 100% Yes Yes No 30%

Scenario 16 -1054.25
Core no DP | 1:200 | no 118 | Leakage at 

30%
Medium Severe 50% Yes No No 30%
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10.1 Results and comparison against our preferred plan 

For our WRMP we updated our supply-demand forecasts to take account of our updated 

understanding of sustainability reductions and headroom and also updated our demand forecast base 

year from 2016-17 to 2017-18.  

 

Although these forecasts were used in developing our best value plan for WRMP, the revised demand 

forecast data was not available at the time of the WRSE “phase 4” modelling. The result of this is 

negligible in the period up to 2045, however in the longer term period from 2045 to 2080, the WRSE 

regional modelling included a higher level of supply-demand deficit (~46Ml/d) due to updated 

population and property assumptions used in the recently finalised revised forecasting for our own 

modelling.  

A summary of the comparison is provided in Figure 15 and the sub-sections below. 

Figure 15: Comparison of our revised preferred plan vs WRSE “phase 4” outputs 

Option type Option name 

Year 
activated / 
Preferred 

Plan 

Year 
activated / 

WRSE  
Scenario S5 

Times Selected 
across all 16 

WRSE 
Scenarios 

Catchment 
Management 

Targeted catchment management interventions in 
the Pembury area  

2034 2030 14 

Catchment Management Interventions at 
Woodgarston 

2035 2075 10 

Company Transfers 

SEW RZ1 to RZ7 Transfer – Blackhust to Bewl 2028 2050 11 

SEW RZ7 to RZ2 Transfer - Bewl to Cottage Hill 2029 Not Selected 13 

SEW RZ3 to RZ2 Transfer - Arlington to Barcombe 2070 2030 2 

Groundwater 
Aylesford Newsprint - use of existing groundwater 
sources 

2023 2035 16 

Regional Transfers 
(Imports) 

SESW to SEW RZ1  Transfer - Bough Beech to 
Riverhill SR 

2042 2055 13 

Regional Transfers 
(Exports) 

SEW RZ4 to AFF - Egham to Surrey Hills Reduction 
(10Ml/d) 

2020 2020 16 

SEW RZ8 to AFF - Barham Continuation (After 
2019/20) 

2020 2020 16 

SEW RZ8 to SWS - Kingston to Wingham 2025 2020 16 

Reservoir 
Broad Oak Reservoir  2033 2075 2 

New Arlington Reservoir, R. Ouse 2035 2065 2 

Treatment 
Bewl-Darwell Option: Bewl WTW Expansion and  
transfer to Hazards Green 

2025 Not Selected 0 

 

Supply-side options 

There were many schemes selected consistently across both the WRSE regional outputs and our 

preferred plan. However, where there were differences, these can be summarized as follows: 

Although we identified a good level of alignment between our own WRMP and the WRSE scenario S5, 

there were some differences in the longer term, from 2045 onwards. This is described in the sections 

above, and is due to the variations in demand forecasts used, and the resulting size of the supply-

demand deficits. This resulted in three desalination schemes and one effluent re-use scheme that do 

not feature in our preferred plan (providing a capacity of ~66.5Ml/d), being selected by the WRSE 

modelling by the end of the planning period. 
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These four additional schemes include a desalination scheme in WRZ3 and an effluent re-use scheme 

in WRZ8. Our own investigations identified that for customer preference and environmental reasons, 

these two schemes should not be included. We consider that the selection of these schemes has 

resulted in the following preferred schemes being selected much later by the WRSE modelling than in 

our own WRMP 

 New Arlington Reservoir, R. Ouse 

 Broad Oak Reservoir 

It has also resulted in the following scheme not being selected at all in the WRSE modelling: 

 Bewl-Darwell Option: Bewl WTW Expansion and  transfer to Hazards Green  

Regional transfers 

The WRSE regional modelling selected the same inter-company import and three inter-company 

exports that we have included in our preferred plan. 

This demonstrates that we are adopting a plan that aligns with the regional WRSE approach and 

enhances our resilience through the sharing of resources to and from neighbouring companies.  

Company transfers 

 

Two intra-company transfers were selected consistently across both the WRSE modelling and our 

preferred plan. Although the third intra-company transfer was not selected by the WRSE modelling in 

scenario S5, we have confidence in its selection within our preferred plan as it was selected in multiple 

other WRSE scenarios. 

 

Demand-side options 

Phase 4 of the WRSE modelling was run to look into the options and costs required to meet the 

targets of achieving more ambitious reduction for leakage and PCC. Scenarios to reduce leakage by 

15%, 30% and 50% in various time periods upto 2080 were considered alongside the challenge of 

reducing PCC to 118l/h/d by 2050. 

To align with our own preferred plan modelling we have compared our demand management savings 

and options against those of the WRSE scenario S5. This scenario achieves a 15% leakage reduction 

by 2025, increasing to 50% by 2050, alongside a target to reduce PCC to 118l/h/d by 2050. 

Over the 60 year planning period, the total level of savings selected across leakage and water 

efficiency initiatives was similar, 198.1 Ml/d for the WRSE modelling compared with 194.2 Ml/d for our 

preferred plan. A breakdown of the savings achieved is provided in the table below. 
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Figure 16: Comparison of Demand Management Savings with WRSE 

Demand Management Scheme WRSE Regional Plan  Our Preferred Plan 

Leakage 43.0 42.7 

Water Efficiency 155.1 151.6 

Total at 2079/80 198.1 194.2 
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Appendix A - Model run outputs 

A summary of the model runs carried out during step 1 and step 5 are in figures 17 and 18 below. More detailed outputs from each model run are provided in 

WRMP Appendix 8C. 

Figure 17: Summary of dWRMP model runs to develop best value preferred plan 
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AMP7 AMP8 25 Years 60 Years 

1 
Worst historical drought  
(1 in 100) 



    
     

  
 

     
£89.80 £357.00 £740.90 £1,240.60 

2 
(1 in 200) reference level of 
resilience 

             
 

    £111.30 £397.20 £700.50 £1,271.00 

3 

Including SEA and 
sustainability reduction 
modelling of each of 4 
scenarios 

  
       

  
 

     
£115.50 £450.60 £858.30 £1,560.60 

4    


       
 

    £105.60 £319.80 £589.60 £1,013.60 

5 
  

    


 
  

 
     

£102.80 £251.40 £789.20 £1,491.20 

6             
 

    £105.60 £246.30 £594.00 £1,009.20 

7 
Best value dWRMP from 
Step 1 of decision making 

        





  £111.70 £281.10 £581.00 £1,053.90 

8 15% AMP7 leakage target         
 




 £121.50 £298.10 £654.80 £1,162.10 
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Figure 18: Summary of WRMP model runs to develop the preferred plan 
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7r 
Revised best value dWRMP 
from Step 1 of decision 
making 1 

         

 

  84.5 216.6 495.0 821.0 

9 
dWRMP including more 
ambitious PCC targets and 
optimal leakage 

      

 

 

   

73.9 123.3 301.8 348.2 

10 
dWRMP including more 
ambitious PCC targets and 
4Ml/d leakage 


     

 




 

  

79.0 132.5 309.7 363.3 

11 
dWRMP including more 
ambitious PCC targets and 
15% leakage in AMP7 

 
     









 97.8 150.1 330.0 384.9 

12 
dWRMP including more 
ambitious PCC targets and 
50% leakage by 2050 


     

 






  97.8 164.7 770.2 993.6 

13 
Best value WRMP from Step 
5 of decision making 2 


     








  98.6 166.7 757.0 986.2 

14 
1 in100 drought version of our 
WRMP from Step 5 of 
decision making 2 





  



 






  97.5 161.4 748.6 988.2 

Note 1: Revised costs for the dWRMP best value plan has been provided in this table to allow comparison against the revised plan costs. The revised costs take account of changes made in 
the modelling methodology for the optimisation and calculation of leakage costs which have occurred post draft plan. 
Note 2: Model run includes the leakage options selected by our 50% model run (12) added on top of the supply side and water efficiency options selected by our optimal level of leakage. 
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Appendix B - Info-gap and stress testing 

analysis and report (decisionLab report) for 

dWRMP 
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Info-gap and stress testing analysis and 

report 
03th November 2017 

James Adamson, Paul Mc Namara 

Summary 

 This report documents the methodology used by decisionLab to recommend 6 

scenarios to use in future tests for stress testing, and notes some trends that are seen 

across scenarios related to certain various options. 

 The 6 scenarios chosen are from the different DI groupings:  

o Low DI: SU-163, SU-169  

o Medium DI: SU-59, SU-62 

o High DI: SU-286, SU-115 

 The report then details the results and conclusions of the stress testing, which was 

carried out by decisionLab 

Portfolio Selection 

Introduction 

decisionLab were commissioned to run a number of scenario generation runs across the 

different DI cases: 

Run 1 - Low DI (36 Scenarios): Scenario SU-1 to SU-18, Scenario SU-163 to SU-180 
Run 2 - Med DI (36 Scenarios): Scenario SU-55 to SU-72 (already run by SEW but used here in 
the general analysis), Scenario SU-217 to SU-234 (completed up to SU-225 by SEW, 
remaining run by decisionLab) 
Run 3 – High DI (36 Scenarios): Scenario SU-109 to SU-126, Scenario SU-271 to SU-288 
  
The generated scenario portfolios were then compiled together in an excel file, trends across 
options were noted and the information was used to recommend scenarios to be used for 
stress testing. 
 

Trends across options 

A number of trends were noticed in the outputs from scenarios: 
 



 

WRMP19 Appendix 8B Decision Making Results | August 2019 
 

Not confidential | Andrew Halliday:  |  Last saved: 19 August 2019 

File name: Appendix 8B WRMP19 Decision Making Results 190813 v3.0 Page 51 of 57 
 

· ETR and CTR transfers, and P&O use (where P&Os are enabled) tend to increase in use as 
scenarios move from low to high DI scenarios.  
 

· 9 ETR options, 3 P&O, and 22 ZON options are never chosen by any portfolio. 
 

· Use of regional transfers is quite sparse for Low DI, and there is a lot of variation in terms 
of which are used for medium DI. However, for High DI cases SEW-RZ5-RTR-18, SEW-
RZ4-RTR-79, and SEW-RZ1-RTR-88 are only used. CTR transfer SEW-RZ7-CTR-43 also 
follows this trend and it appears to be the case for a number of zonal options too. 
 

· In the generated scenarios there is a high use of all demand management options. 
However, it should be noted that a constraint was not in place for these scenarios 
forcing demand management options to operate at full capacity (this is currently being 
added to the model). 
 

· The desalination options tend to be used most for medium DI scenarios, in particular 
SEW-RZ2-DES-8, Desalination at Newhaven (RZ2) - Mid Sussex (10Ml/d Option). 

 
· Of the desalination options, 4 options are chosen most often: SEW-RZ6-DES-13, 

Desalination of River Medway tidal water at Aylesford/Snodland (30Ml/d Option); SEW-

RZ3-DES-19, Desalination coupled to biomass-fuelled power plant (30Ml/d Option); SEW-

RZ8-DES-15, Reculver RO Desalination of brackish groundwater (30Ml/d Option), and 

SEW-RZ2-DES-17, Desalination at Newhaven (RZ2) - Mid Sussex (30Ml/d Option), being 

chosen across 79, 74, 52, and 48 options respectively. This is significantly more than the 

remaining DES options. 

 

Methodology for suggesting scenarios for stress testing  

The Parallel Coordinates tool was used to aid in choosing between the various scenarios. It 
was decided to first choose 4 scenarios from each of the DI categories first, and then based 
on the option profiles to choose 6 scenarios to use for stress testing. 
 
The Parallel Coordinates tool allowed the filtering of scenarios based on the following 
metrics: 
 Total NPV Cost (£k) 

 Positive SEA Score 

 Negative SEA Score 

 Promotability 

 Deliverability 

 Option Level Resilience 

 
The output graphs generated by the tool for Low, Medium, and High DI are given in the 
Figure 1. The following general rule was applied at the beginning for each of the DI groupings 
in order to arrive at the final filtered grouping: 
 Firstly, the cost bar was set at half the max height to filter out the most expensive portfolios. 
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 The top half of the SEA Positive scores were kept to ensure high SEA Positive Scores. 

 It was then sought to keep values of the promotability, deliverability, and option level resilience 

high. 

 Finally, the negative SEA score would be minimised until 4 values were left. 

Note following this rule some changes had to be made to allow a suitable number of 
portfolios to remain, for example lower scores for SEA+ were allowed to remain for Medium 
DI. 
 
This left the following portfolios for each of the DI groupings: 
 
 Low DI: SU-1, SU-4, SU-163, SU-169 

 Medium DI: SU-58, SU-59, SU-62, SU-218 

 High DI: SU-109, SU-123, SU-271, SU-286, SU-115 

 
The following scenarios were then chosen for stress testing: 
 
 Low DI: SU-163, SU-169: Here SU-163 has a low SEA Negative score, and SU-169 is the only 

Low DI option that uses P&O options. 

 Medium DI: SU-59, SU-62: SU-59 is the only portfolio that uses P&O options, and of the 

remaining options SU-62 performs best in terms of the various metrics. 

 High DI:  SU-115, SU-286: While each of the 4 portfolios are quite similar in this case, SU-286 

provides the most extreme supply demand imbalance to compare against for stress testing. SU-

115 was the only one allowing P&O options and also offered high promotability, deliverability, and 

option resilience. 

 
Figure 1: Stress-testing 

Introduction 

decisionLab were commissioned to run stress testing on the chosen portfolios and present the 

results and conclusions. 

Under stress testing, the robustness of the shortlisted programmes was tested for against 
increasing levels of (infogap) uncertainty, generated using the scenario with the most 
challenging supply demand balance conditions. The three stages of stress testing were then 
carried out; uncertainty, extreme events, and contaminant spills. 
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Results 

Uncertainty on DI, Drought, SR, and WQ 

Figure 2 shows the max % demand failures (max in any one year) for DYAA by 2044 over all 

portfolios and infogap levels. The two low DI portfolios, SU-163 and SU-169 show deficits right 

from the first infogap level and these progress to over 15% of demand. When extended to 

2079 these max deficits grow to 30% of demand by the final infogap level. SU-286 and SU-62 

also show deficits from SU-U6 although these are considerably more modest. When extended 

to 2079 the demand failure for SU-59 also increase beyond those of SU-62 and SU-286. 

 
Figure 2 

The second metric considered was reliability. This is the percentage of years where there is no 

deficit. Figure 3 represents reliability over all zones. Again reliability is poor for the low DI 

portfolios, starting at 10% and 30% for SU-163 and SU-169 respectively. The reliability for SU-

59 also decreases quite rapidly from SU-U6 down to 35% at SU-U11. SU-115 is the most 

reliable. 

 
Figure 3 

Vulnerability is a measure for the average deficit over years where a deficit actually occurs. 

Figure 4 shows the maximum vulnerability over all zones for each portfolio and infogap level. 

A similar pattern is seen as in in the previous graphs, with the low DI portfolios having poor 

vulnerability and SU-115 having the best. 
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Figure 4 

Extreme Events 

The next stage of stress testing was to test the portfolios under hazard events for each hazard 

scenario. Tables 1, 2 and 3 show reliability, vulnerability, and resilience averaged over all 

hazard events and scenarios for each zone and portfolio for DYAA. Resilience here refers to 

the % of deficit years that are recovered the following year.  

 
Table 1: Average Reliability DYAA 

 Table 2: Average Vulnerability DYAA 

 
Table 3: Average Resilience DYAA 

Across all three metrics the high DI portfolios, SU-115 and SU-286 comfortably perform the 

best. Unlike in the first stage of stress testing SU-286 slightly outperforms SU-115 here due to 

SU-115 struggling more in zones 2 and 3. 

The low DI portfolios again perform poorly with average deficits around 20 Ml/d in several 

zones, reliability consistently below 50%, and very rarely managing to recover deficits. 
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Out of the two medium DI portfolios, SU-62 fairs best across the 3 metrics and actually 

performs better in RZ3 than SU-115. 

Contaminant Spills 

The third and final round of stress testing was for contaminant spills, where the portfolios 

were tested against contaminant spill scenarios for each hazard scenario. Again reliability, 

vulnerability, and resilience were averaged across these scenario combinations to produce 

tables 4, 5, and 6. 

 
Table 4: Average Reliability DYAA 

 
Table 5: Average Vulnerability DYAA 

 
Table 6: Average Resilience DYAA 

This stress testing proves harsher on the portfolios and so all three metrics generally do worse 

across the board. Notably SU-59 and SU-62 start to see quite large deficits in RZ1, RZ2, and 

RZ4. The relative performance between the portfolios, however, remains similar to what has 

previously been observed. 

Conclusions 

 It is quite clear that throughout the stress testing the low DI portfolios struggle and do 

not other much headroom or flexibility to deal with uncertainty.  

 Out of the two medium DI portfolios SU-62 fairs better across all stress testing and also 

outperforms SU-59 in terms of promotability and deliverability. This comes with a 25% 

increase in cost. 

 For the high DI portfolios, SU-115 dealt better with the higher infogap levels than SU-

286. When it came to the second and third stages of stress testing there was little 

between them, although SU-286 did stand up marginally better. SU-115 is the cheaper 
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of the two, at 12% cheaper, and offers marginally better promotability and 

deliverability.  

 There is a sizeable different in cost between SU-115 and SU-62 (a 69% increase) so it 

would come down to whether this is worth the additional flexibility and resilience. It 

should also be noted that SU-62 performs similarly to SU-286 in the first stage of stress 

testing. 



 

 

 

 

 

 


