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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:  

 A description of the methodologies used to develop a supply forecast. 

 A presentation of the results of the modelling work that led to the final supply forecast. 

The evidence you will find in this appendix 

The following evidence is included in this appendix: 

 Total available Deployable Output excluding bulk supplies for the DYAA scenario is 

602.67 Ml/d, whilst the DYCP scenario is 730.30 Ml/d at the baseline year.  

 Bulk supplies make up an additional 54.30 Ml/d and 55.30 Ml/d of our supply baseline in 

the DYAA and DYCP respectively, following the removal of Outwood to Whitely Hill from 

our plan. 

 The impact of climate change is modelled to result in a loss of 9.54 Ml/d (DYAA) and 

13.53 Ml/d (DYCP) by 2080 within our supply baseline. 

 The impact of sustainability reductions on our supply baseline is modelled as 49.3 Ml/d 

by 2030, following changes to the Sustainability reductions profiles within our baseline 

supply 

The decisions we have made based on this evidence  

We have made the following decisions based on this evidence:  

 The baseline supply forecast has been used in the supply-demand balance analyses 

and option appraisal to help identify the schemes that make up our preferred plan. 

The data tables you will find in this appendix 

You will find the following data tables in this appendix: 

 Tables showing the results of the Deployment Output assessment, and the components 

that went into building our supply baseline. 

Other evidence and data that supports our decisions 

You will find additional evidence in the following document/appendices: 

 Planning tables 

 Appendix 4B 

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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Executive Summary  

Deployable Output (DO) represents the amount of water that is available from a constrained source or group of 

sources under a set planning scenario, and is one of the basic building blocks of the supply forecast for the Water 

Resources Management Plan. This document sets out the methodology and results of South East Water’s 

WRMP19 DO assessment. 

The DO was assessed by taking the drought curves developed for a 1 in 50 worst historic drought in WRMP14, 

and undertaking a reassessment to ensure that these were still the best understanding of the system. This 

involved updating the hydrological data used in the assessment where new pump tests were available. As there 

have been no new droughts since the curves were developed, no new operational data was added to existing 

curves. Constraints data was validated and updated where required, based on the latest understanding of the 

systems and any changes during the last AMP.  

We then applied a number of additional drought scenarios to these results – 1 in 100 (‘design’), 1 in 200 (‘severe’), 

1 in 500 (‘extreme’) and a 3 Dry Winters. These were achieved through the creation of a synthetic weather record 

for the design drought scenario. The response of our groundwater sources to these droughts was modelled using 

a recharge model, a statistical approach to groundwater levels and curve shifting to derive DO. Surface water 

source DO has been modelled through the generation of future flows. In resource zones with substantial surface 

water sources, conjunctive use modelling has been undertaken, and our reservoir curves re-optimised.  

The 1 in 100 year drought has been taken as the baseline DO for the supply forecast in WRMP19. 

The planning horizon for WRMP19 has been increased to 60 years (to 2080), and predicted reductions to our DO 

over this timescale have been applied. These reductions include the impact of the EA’s Sustainability Reductions, 

climate change and any other change (e.g. nitrates). The 50% percentile climate change scenario was selected 

for the planning horizon, representing a central case. We have selected not to apply other possible changes to 

our DOs, as the impact of this has been included in the baseline assessment where applicable. 

The reassessment of DO from WRMP14 has shown a small increase in ADO, due to the implementation of 

schemes within our supply zone and increased understanding of our sources. A larger overall increase in the 

PDO is recorded. However, the change to the 1 in 100 worst historic as our baseline has resulted in an overall 

decrease in our ADO, but a small increase in our PDO, for our baseline supply demand balance. 

Table 1 Company total Deployable Output including bulk supplies 

 WRMP14 WRMP19 1 in 100 1 in 200 1 in 500 

ADO (Ml/d) 676.96 680.39 656.97 650.79 629.40 

PDO (Ml/d) 782.46 801.63 785.59 775.91 747.59 
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Glossary of Terms 

ADO Average Deployable Output 

BHA Behavioural Analysis 

DAPWL Deepest Advisable Pumped Water Level 

DEFRA Department for Environment, Food and Rural Affairs 

DMT Decision Making Tool 

dWRMP draft Water Resource Management Plan 

DO Deployable Output 

DYAA Dry Year Annual Average 

DYCP Dry Year Critical Peak 

LoS Levels of Service 

PDO Peak Deployable Output 

PWS Public Water Supply 

rWRMP revised Water Resource Management Plan 

SEW South East Water 

SOA Source Output Analysis 

SOSI Security of Supply Index 

WAFU Water Available for Use 

WRMP14 Water Resource Management Plan 2014 

WRMP19 Water Resource Management Plan 2019 

WRPG Water Resource Planning Guidelines 

WRP Table Water Resource Planning Table 

WRSE Water Resources in the South East 

WRZ Water Resource Zone 
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1. Introduction 

The Water Industry Act 1991 places a statutory duty on water companies in England and Wales to 

prepare a Water Resource Management Plan (WRMP) every 5 years. The WRMP ensures that 

companies are able to meet their legal requirements to maintain a secure supply of water to customers 

by setting out strategies for how the base year (current) and forecasted baseline supply and demand 

will be balanced. South East Water (SEW) last prepared a WRMP in 2014 (WRMP14) and is in the 

process of developing the 2019 plan (WRMP19).  

This appendix discusses the approach to the Deployable Output (DO) and bulk supplies assessment as 

components of the supply forecast for WRMP19. The supply forecast must be calculated as part of the 

WRMP to assess the quantity of water available to supply customers each year over the planning period 

and to feed into calculating the overall supply demand balance. 

1.1 Overview Baseline Supply Forecast  

The Water Resources Planning Guideline: Interim update 2017 (WRPG 2017) states that ‘WRMP19 

should be built up of assessments at a Water Resource Zone (WRZ) level’ including the assessment of 

the supply forecast, a calculation of the quantity of water available to supply customers each year over 

the selected planning period. 

The definition of a WRZ according to WRPG 2017 is ‘An area within which the abstraction and 

distribution of supply to meet demand is relatively self-contained (with the exception of agreed bulk 

transfers).  Within a WRZ all parts of the supply system and demand centres (where water is needed) 

should be connected so that all customers within the WRZ should experience the same risk of supply 

failure and the same level of service for demand restrictions.’ 

As an initial step for WRMP19, SEW has completed a Water Resource Zone Integrity assessment to 

ensure that each of our WRZs meets the above definition (see WRMP19 Appendix 1A, WRZ Integrity). 

As part of this review SEW has made the decision to use names instead of numbers for our WRZs due 

to the fact that names will be easier to interpret by the WRMP and Business Plan audiences; Table 1 

below presents the WRZ names for WRMP19. 

Table 2: Water Resource Zone Numbers and Names 

WRZ Number WRZ Name 

RZ1 Tunbridge Wells 

RZ2 Haywards Heath 

RZ3 Eastbourne 

RZ4 Bracknell 

RZ5 Farnham 

RZ6 Maidstone 

RZ7 Cranbrook 

RZ8 Ashford  
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WRPG 2017 states that the baseline supply forecast is the water available to supply customers within 

each WRZ through the ‘design drought’ in the base year and what it is likely to be forecast across the 

chosen planning period (Section 1.1.3). 

The supply forecast combines the following elements to determine the Water Available for Use (WAFU), 

the amount of water we expect to be able to supply to each WRZ under the demand conditions set out 

in the Levels of Service (LoS). The components of WAFU are shown in Figure 1. 

 

 

 

Figure 1: Components of Water Available for Use 

 

The 2017 Water Resources Planning (WRP) Tables for WRMP19 require components listed in Table 3 

to derive the baseline supply forecast within each WRZ. Components of the supply forecast not included 

in this report will be reported separately within the WRMP19 supply appendix. 

Table 3: Water Resource Planning Tables – Supply Forecast Components 

WAFU 

Component 

Table 

Name 

Table 

No. 
Row No. Description 

Assessment 

level 

Included in 

this Method 

Statement 

Raw Water 

Abstracted 

BL Supply 

 

2 1BL 

 

Raw water abstracted 

 

WRZ N 

Bulk 

Supplies  

BL Supply 2 2BL 

3BL 

5BL 

 

6BL 

 

Total raw water imported 

Total potable water imported 

Total raw water exported 

(raw exports and non-potable uses) 

Total potable water exported 

WRZ 

WRZ 

WRZ 

 

WRZ 

Y 

Y 

Y 

 

Y 

 

DO  BL 

Licences  

 

 

 

BL Supply 

 

Drought 

Plan Links 

1 

 

 

 

 

2 

 

 

0.1BL+ 

0.2BL+ 

0.3BL+ 

0.4BL 

 

7BL = 

 

 

Individual licences / DO 

Total WRZ licence / DO  

Total WRZ Unused licence / DO 

Total WRZ new licence / DO  

 

Deployable output 

(baseline profile without reductions) 

 

Source 

 

 

 

 

WRZ 

 

 

Y 

Y 

Y 

Y 

 

Y 
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10 10.1  

10.2 

 

 

Planning scenarios 

Water Resource Management Plan: 

DO of Sources (not including drought 

measures) 

 

WRZ 

 

 

Y 

BL Supply 2 8BL = 

 

8.1BL+ 

8.2BL+ 

 

8.3BL+ 

Baseline Forecast Changes to 

Deployable Output 

Change in DO due to climate change 

Reductions to restore sustainable 

abstractions 

Total other changes to DO (specify 

e.g. Nitrates) 

WRZ 

 

WRZ 

WRZ 

 

WRZ 

Y 

 

Y 

Y 

 

Y 

Process 

Loss  

BL Supply 2 9BL Raw water losses, treatment works 

losses and operational use 

Source N 

 

Outage  BL Supply 2 10BL Outage allowance WRZ N 

 

The WRPG 2017 state: ‘You should clearly explain all existing raw and potable water imports and 

exports both internally between WRZs and externally between you and your neighbouring companies’ 

and ‘If your source of water is not solely provided by a transfer, you should assess and report your 

deployable output (DO).’ For SEW ~8% of our supply is reliant on transfers from neighbouring 

companies with the remaining ~92% is from our own sources (~73% groundwater and ~19% surface 

water sources). 

See SEW’s WRMP19 WRZ Integrity (see WRMP19 Appendix 1A) for a summary of regions and water 

resource zones and the various sources (groundwater, surface water, bulk supplies) within each supply 

system within each zone.  

The methodology and results for both bulk supplies and DO will be reported within this appendix. This 

WRMP19 appendix will be used for external reporting (Section 8.2) and has been formed from the 

internal method statement which has provided the point of reference for methods discussions with the 

Environment Agency (Section 1.4.1). 

1.1.1 Definition of Deployable Output  

The baseline Deployable Output (DO) of individual / groups of sources is a component of, and starting 

point for, WAFU (Figure 1). The DO assessment is therefore a key process when developing the supply 

forecast for WRMP19. 

The definition of DO as stated in final WRPG 2017 is: 

The output of a commissioned source or group of sources for the design drought you have chosen as 

constrained by: 

• Hydrological yield 

• Licenced quantities 

• Environment (represented by licence constraints) 

• Pumping plant and/or well/aquifer properties 

• Raw water mains and/or aqueducts 



 

Appendix 4A Deployable Output Assessment and Bulk Supplies |  August 2019  
 

Confidentiality: not confidential | Author: Katie Woollard & James Wilkinson | Last saved: 13/08/2019 

File name: Appendix 4A WRMP19 DO and bulk supplies 190812 v2.0 Page 11 of 99 
 

• Transfer and/or output main 

• Treatment 

• Water Quality 

The definition of DO is shown schematically in Figure 2 below. 

 

Figure 2: A schematic representation of Deployable Output (from UKWIR 2012) 

The ‘design drought’ is a plausible drought event of a magnitude and duration that you could reasonably 

expect to occur in your area over your chosen planning period (Section 1.1.3).  

Environment Agency (November 2016) supporting WRPG document defines ‘plausible droughts’ as 

‘periods of lower than usual rainfall that a company might reasonably be expected to prepare for’. 

The definition of DO has not changed since WRMP14 however for the last plan the ‘design drought’ was 

based on the historic record; for WRMP19 the WRPG 2017 states that companies are encouraged to 

consider future events that could reasonably be foreseen as well as historic events when selecting a 

‘design drought’ and companies are therefore now expected to consider a range of alternate and more 

severe droughts when defining DO (Section 1.2). 

1.1.2 Definition of Bulk Supplies 

Bulk supply yields are added to DO as a further component of WAFU (Figure 1). Determining bulk supply 

yields is therefore also a key process when developing the supply forecast for WRMP19. 

The Handbook of Source Yield Methodologies (UKWIR, 2014) states the following definition for bulk 

supplies: 

‘Transfers of either raw or treated water into or out of a water company’s supply area or within the 

company area.’ 

1.1.3 Planning Scenarios 

The planning scenario is defined as ‘the planning situation for which a forecast is being derived’. 
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The WRPG 2017 states:  

• ‘The WRMP is a strategic forecast to ensure you plan for a secure supply of water. The 

scenarios for both the demand and supply forecasts will test your system by looking at high 

demands and low supplies.’ 

• A baseline supply forecast…your assessment of water available for use from current 

sources…should be based on supplies that can be maintained through a design drought as 

appropriate for your company area. The dry year annual average demand and the design 

droughts should link with your drought plan.’ 

• ‘You should base your supply forecast on a design drought. As a minimum you should assess 

your plan against the worst drought on record’  

• ‘If you have identified a critical period scenario you should provide a supply forecast for it in 

addition to the dry year annual average scenario. You should also explain your decision to 

include a critical period.’ 

• ‘You should first understand your baseline position. This is a forecast of what would happen if 

you did not take any new supply or demand actions and did not implement any changes in your 

company policy or existing operations.’ 

• ‘You should show in your water resources management plan (WRMP) your supply of water in 

the base year and what it is likely to be throughout your planning period. Your supply will be 

the water that is available to supply customers in each of your resource zones.  

In line with the guidance, SEW have assessed baseline DO both for a: 

• Base year (2019/20) DO assessed for all sources in operation during the base year 2019/20 at 

the source, WRZ and company level. The base year for the supply demand balance will be 

16/17, however base year DO will use 19/20 forecast DOs – this is consistent with the approach 

in previous plans. When assessing Security Of Supply Index (SOSI) schemes existing DO 

assumptions will be reported, and the impact on the draft WRMP19 of using updated DO 

assumptions will be assessed and reported in 17/18.   

• Baseline forecast DO (2020 to 2080) change from the base year, due to climate change, 

sustainability reductions and other changes to DO (e.g. Nitrates) output at the WRZ and 

company level.  

Regulators require that the planning scenario adopted as the basis of the WRMP, should reflect the 

most stress on the supply system (i.e. where there is unrestricted demand in dry years); this is known 

as the ‘dry year’ planning scenario.  

SEW’s WRMP19 baseline DO however will be restricted due to the fact that demand restrictions are 

required to achieve SEW’s preferred LoS; this justification is in line with the Environment Agency 

(November 2016) supporting WRPG document. Estimates of DO unrestricted demand will also be 

provided within the new Water Resource Planning (WRP) Table 10 (Section 7.1). 

The base year DO and baseline DO forecast will be assessed under two ‘dry year’ planning scenarios: 

• Annual average conditions over a dry year (Dry Year Annual Average (DYAA)): 

Represents a period of low rainfall and restricted demand and will be used as the basis of the 

WRMP  

 

• Peak week or critical period conditions in a dry year (Dry Year Critical Period (DYCP)): 

Is the period during which water resource zone supply demand balances are at their lowest.  
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For WRMP19 the ‘dry year’ planning scenario for the supply forecast will be a ‘design drought’, a 

plausible drought event which is exerting a level of stress on the supply system which is consistent with 

the company’s LoS for DO; baseline base year DO assessed under a ‘design drought’ will be selected 

via ‘Event Based Drought Analysis’ (Section 4.2.3). More extreme droughts will also be selected to 

assess and test the resilience of DO and the outputs of this assessment will link to the Drought Plan (sit 

within Water Resource Planning (WRP) Table 10) (Section 7.3). 

The planning horizon, defined as an agreed look ahead period for which the Water Resource 

Management Plan is prepared (UKWIR, 2014), over which the baseline DO forecast will be assessed, 

will be 60 years. SEW, recognising that 25 years is the statutory minimum, has considered the latest 

guidance when selecting 60 years as the planning horizon: 

DEFRA guiding principles (Department of Environment, Food and Rural Affairs, May 2016) state: 

• ‘We strongly encourage you to take an even longer term view where it makes sense, 

particularly in view of longer term pressures, uncertainties and the time it takes to develop 

some infrastructure. You must assess the vulnerability of your water resources to future 

pressures such as climate change and the needs of the population and business. Having a 

longer planning horizon will provide better evidence to support the selection of preferred 

options and ensure best value for customers over the long term.’ 

WRPG 2017 state:  

‘The planning period should be appropriate to the risks of your company, but should cover at least the 

statutory minimum period of 25 years.’ 

SEW have chosen a 60 year planning horizon due to the fact that: 

• Our supply area is Medium to High Level of Concern (See WRMP19 Appendix 1B Problem 

Characterisation) 

 

• For consistency with WRSE planning to 2080 (base year 2015/16 and planning horizon 65 

years)  

 

• 60 year planning period should be used to ensure that a sufficient amount of time is given for 

options to be considered against each other to address important potential supply demand 

deficits for example arising through population or climate change; increasing the number of 

years over which the plan is optimised the schemes selected will tend to be more strategic. 

The base year for the supply demand balance will be 16/17 and every year of the planning horizon from 

the base year to 2079/80 will be completed. 

1.2 Key Objectives 

DEFRA’s guiding principles (DEFRA, May 2016) outlines the key policy priorities the government 

expects the next round of WRMPs completed by water companies in England to address. Those 

priorities relating to DO and bulk supplies include: 

• 'To assess the resilience of your supplies, we expect more thorough testing of vulnerability of 

water supply systems - not solely tests based on historic events but future events that could 

reasonably be foreseen – to enable you to better plan for, and respond flexibly to future 

uncertainties.’ 
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• ‘You must assess the vulnerability of your water resources to future pressures such as climate 

change’ 

The key objectives for the DO and bulk supply yield assessment process for SEW’s WRMP19 will be 

to: 

• Comply with statutory requirements, government policy and the 2017 WRPG; 

• Apply lessons learned and address commitments to EA and uncertainties in WRMP14 and 

develop existing work  from the WRMP14 process and improve on uncertainties (see Appendix 

A, B and C at the end of this document);  

• Provide a simple, transparent and fully auditable process with outputs clearly recorded within 

the WRMP19 including a written methodology and figures within the relevant sections of the 

WRP tables; 

• Demonstrate resilience by assessing DO and bulk supply yields under historic droughts as well 

as synthetic and stochastic droughts more extreme than those experienced within the historic 

record and climate change and clearly presenting links between the WRMP and the Drought 

Plan:  

– Baseline DO forecast over the planning period as assessed under a design drought of a 

magnitude and duration reasonably expected to occur in SEW’s supply area (as a 

minimum the worst drought to occur within SEW’s supply area in the historic record), as 

well as under climate change. 

– Demonstrate how DO will be affected by demand side drought restrictions (LoS); the 

benefits of supply drought measures will not be included as part of the baseline supply 

forecast and will instead be considered as options within the Decision Making Tool (DMT).  

– DO to also be assessed under challenging but plausible droughts beyond the capabilities 

of SEW’s supply system to enable scenario testing within our DMT, and to aid selection of 

drought management and resilience options, to manage plausible droughts more severe 

than the WRMP has been designed to cope with and therefore to link to our Drought Plan. 

– For bulk supplies confirm that supplier companies have made the necessary assessments 

to meet the statutory and policy obligations (for example climate change assessments), 

that they will be able to supply SEW with water during SEW’s ‘design drought’, and that 

SEW can meet their LoS. 

  



 

Appendix 4A Deployable Output Assessment and Bulk Supplies |  August 2019  
 

Confidentiality: not confidential | Author: Katie Woollard & James Wilkinson | Last saved: 13/08/2019 

File name: Appendix 4A WRMP19 DO and bulk supplies 190812 v2.0 Page 15 of 99 
 

1.3 Updated Water Resources Planning Guidelines 

Following a review of the 2017 WRPG, the following changes from previous 2013 Guidelines affecting 

the DO assessment process, from WRMP14, have been identified: 

• Increased Flexibility - Water companies can choose appropriate methods depending on their 

vulnerability supporting a more risk-based approach and encouraging innovation. 

• Introduced WRMP methods discussion before pre-consultation – Gives water companies the 

opportunity to discuss the methods they intend to use at an early stage with regulators, 

including the production of a ‘method statement’. 

• Supply forecasting flexibility – Give companies flexibility to decide the drought they plan for. As 

a minimum companies are still expected to plan for the worst drought on record. However, 

companies are encouraged to investigate and plan for a plausible drought that has not been 

recorded.  

• Improved links between water company drought plans and WRMP – Gives water companies 

the opportunity to move some information from drought plans into WRMPs, allowing companies 

to consider more resilient solutions in a new ‘resilience’ section.  

It is proposed that the changes outlined above will be incorporated in the DO assessment process for 

the WRMP19. 

1.4 Consultation  

1.4.1 Pre-Consultation  

WRPG 2017 state:  

• ‘You should engage early with your Board, regulators, customers and interested parties, 

especially if you are using new methods or if you are likely to have a complex plan. This reduces 

the risk of issues being identified at a later stage.’ 

• ‘We recommend you use this early development phase to discuss the methods and 

approaches you will take, with the Environment Agency or Natural Resources Wales. This 

WRMP methods discussion will allow a structured dialogue between you and the regulators, 

which should reduce the need for changes later in the process. However, the regulators will 

not sign off any parts of your approach in advance of the consultation as we will need to assess 

the plan as a whole and offer impartial advice to government.’ 

• ‘You should present the problem characterisation and provide a ‘method statement’ that clearly 

describes the methods you are proposing to use, at the pre-consultation phase. This will help 

to ensure you meet the requirement of the Direction to include in your plan a description of the 

appraisal methodologies you have used.’ 

In line with the WRMP methods discussion requirement of the 2017 WRPG, SEW commenced early 

and ongoing engagement with regulators in order to raise any issues early on in the process and to gain 

confidence with the proposed approach. SEW prepared a method statement explaining the methodology 

to be used for the DO and bulk supply process for the WRMP19 and presented this along with the 

problem characterisation (Section 2.1.1 and SEW’s problem characterisation (WRMP19 Appendix 1B)) 

and WRZ Integrity assessment (WRMP19 Appendix 1A)  during the WRMP method discussions.  

The method discussion was particularly important due to the fact that new methods have been 

introduced for WRMP19 and early and ongoing engagement with regulators worked to reduce the risk 

of issues being identified at a later stage. Regulators did not provide sign off of any parts of our approach 

in advance of the consultation of the draft plan as it is at this stage when the plan is be assessed as a 

whole and impartial advice offered to government.   
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WRPG 2017 further states that ‘pre-consultation should take place with other consultees’: 

• Any water supplier affected by your supply system; 

• Any water companies you have bulk supplies or shared resource agreements with; 

• Neighbouring water companies; 

• Customer challenge groups or their equivalent; 

• River Basin Liaison Panels and local catchment partnerships; 

• Any other groups that your plan is likely to affect; 

• Any potential water supplier, company or third party you may wish to trade with; 

• Consumer Council for Water; 

• Public Services Boards and other public service providers; 

• Natural England if the plan is likely to affect a designated site. 

For DO, pre-consultation discussions took place with these consultees via the Environmental Focus 

Group (EFG) and via meetings with neighbouring water companies to determine the DO of bulk supplies. 

1.4.2 Consultation on draft WRMP19 

Once the draft DO figures were produced consultation with regulators will take place and the DO 

assessment considered as part of the review of WRMP19 as a whole; the regulators will then issue 

impartial advice to government. 

1.5 Overview Deployable Output and Bulk Supply Assessment  

A multi-stage process was used to assess the baseline DO for the 2019/20 base year and the 

baseline forecast DO across the planning horizon under a ‘design drought’, the key steps were to:  

1. Develop DO Methodology informed by: 

1.1 Decision making and selection of risk based methods 

1.2 DO assessment framework  

1.3 Climate change vulnerability assessment 

1.4 WRSE and National 

2. Establish DO Assessment Dataset  

3. Calculate DO  

3.1 Bulk Supplies 

3.2 Baseline DO base year  

3.3 Baseline DO forecast 

3.3.1 Changes due to Climate Change   

4. Assess Uncertainty (Headroom) 

5. Link DO to Level of Service, Resilience and the Drought Plan  

6. Report the DO Assessment 
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The DO assessment process is shown as a detailed and more simplistic schematic in 

  

Figure 3. 

This document presents changes to the DO assessment methodology from WRMP14 to WRMP19 

following changes to the WRPGs as outlined in Section 0.  

The Handbook Of Source Yield Methodologies (UKWIR, 2014) and WRMP19 Methods – Risk Based 

Planning Methods (UKWIR, 2016) have been used to select the most appropriate methodology to 

assess the DOs of SEW’s sources within each WRZ according to WRZ characteristics and requirements 

placed upon it by the relevant regulator. Following these guidance documents is recommended by the 

WRPG 2017 and ensures best practice.  
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Figure 3a: Detailed schematic of Deployable Output Assessment Process; additions to the process for WRMP19 which differ 

from WRMP14 are in red 
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Figure 3b: Simplified schematic of Deployable Output Assessment Process; additions to the process for WRMP19 which differ 

from WRMP14 are in red 
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2. Develop DO Methodology 

2.1 Decision Making and Selection of Risk Based Methods  

2.1.1 Problem Characterisation 

 
WRPG 2017 states:  

‘You should use the problem characterisation step of the UKWIR decisions making process guidance 

to identify the scale and complexity of your planning problem and the vulnerability to various strategic 

issues, risks and uncertainties. This allows the development of a proportional response, in terms of the 

effort and cost devoted to adopting the selected decision making approach.’ 

Within this South East Water has undertaken a Problem Characterisation assessing potential risks faced 

by the company over the course of the planning horizon in line with the UKWIR 2016 guidance. The 

assessment is a fundamental building block enabling a risk-based approach to the planning process. It 

is undertaken in order to systematically determine the appropriate level of time and resource effort that 

should be committed by the water company to each part of the process. 

South East Water’s Problem Characterisation is recorded as a separate document, which sets out the 

challenges perceived by the company during the 60 year planning horizon (See SEW’s Problem 

Characterisation within WRMP19 Appendix 1B). The document determines that South East Water is 

located within a water vulnerable area.  The company has a reasonable understanding of the challenges 

with which it will be faced during the planning horizon; however there remains some uncertainty in actual 

numbers.  For this reason the Problem Characterisation was rated at an overall risk score of 2, which 

indicates that through WRMP19, the company should be progressing the planning process forward to 

implement more advanced methods for addressing uncertainty within the major components (Supply, 

Demand and Options). 

SEW’s Problem Characterisation Assessment risk – complexity score matrix classifies water resource 

zones from medium to high level of concern Figure 4 (See SEW’s Problem Characterisation within 

WRMP19 Appendix 1B),which determines that, particularly within WRZs 2, 3 and 8, the company is 

operating within a region of high forecast population growth, and significantly restricted supply 

availability.   
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Figure 4: South East Water’s WRMP19 problem characterisation assessment risk-

complexity score matrix 

It was therefore determined that the company has significant concerns, particularly in these most 

vulnerable resource zones regarding the risks faced in addressing future water resource needs, and it 

was therefore decided that it was proportional and warranted to use ‘extended’ risk-based approaches 

to Decision Making (Section 2.1.2). 

2.1.2 Decision Making Approach  

WRPG 2017 states: 

‘You should identify your solution(s) using the most appropriate method for your company. You should 

refer to UKWIR (2016) WRMP 2019 Methods – decision making process guidance. As a benchmark, 

you should also identify a preferred solution using the UKWIR (2002) Economics of Balancing Supply 

and Demand (EBSD). This will allow you to explain any differences in costs and benefits between your 

preferred solution and the solution generated from EBSD.  

The alternative methods require different inputs and consider uncertainty in different ways. Your choice 

of decision making method will have implications for your whole plan.’ 

SEW’s Programme Selection and Decision Making Approach report (WRMP19 Appendix 8A) includes 

the following overview of SEW’s Decision Making approach. 

SEW will implement a DMT which in its base operation will be used for least cost programme selection 

using the EBSD methodology.   Least cost will include Capex, Opex and monetised Carbon and 

Environmental/Social costs. This least cost programme will be used to provide a benchmark for 

comparison against alternative best value programmes.  

The EBSD model will also be enhanced and used to optimise programmes on alternative multi-criteria, 

(such as environmental acceptability, deliverability, resilience etc.) which are not monetised. The criteria 
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have been selected to align with our fine screening objectives, and the metrics defined  to support the 

ideas of what best value means for SEW’s WRMP.  

SEW’s approach will be aggregated  describing supply and demand as single values for each year of 

the forecast, so that linear optimisation can be used.  

2.1.3 Risk Composition 

UKWIR Risk Based Planning (UKWIR, 2016a) provides guidance on how companies can move away 

from deterministic approaches used for WRMP14 for evaluating and incorporating input components, 

including supply, to the DMT, which failed to address the resilience to different futures including 

resilience to climate change or the performance of the water resource system to different drought types 

and severities, and to move towards risk based methods and thereby address these issues for 

WRMP19; ‘Risk Based Methods’ refer to ways of generating inputs to the DMT that are explicitly based 

on risk and probability. 

WRMP14 was based on simple deterministic forecasts of supply and demand that only accounted for 

historically observed drought patterns, with DO resilient to historically observed droughts, and the 

benefits of LoS only accounted for demand side drought restrictions via the DO calculation. 

For WRMP19, the WRPG 2017 requires a move from more ‘conventional’ deterministic methods to a 

more risk/probability based plan supported by the concept of Risk Composition. UKWIR Risk Based 

Planning provides technical guidance to enable companies to adopt a Risk Composition which indicates 

how to incorporate drought resilience into the WRMP19 DO analysis and dictates how the stated LoS 

and resilience links through to the WRMP assessment.   

The WRPG 2017 state: 

‘You should base your supply forecast on a design drought. As a minimum you should assess your plan 

against the worst drought on record. In deciding on this design drought, we expect you to follow the 

‘UKWIR Risk Based planning’ guidance. 

There are three techniques that can be followed: 

• Conventional plan (Risk composition 1 – Based on the worst drought on record) 

• Resilience tested plan (Risk composition 2 – Consider a more challenging but plausible range 

of droughts) 

• Fully risk based plan (Risk composition 3 – Based on probability analysis of drought events not 

seen in the historic record) 

‘Risk’ in this context is taken as the relevant likelihoods and durations of given ‘failure’ types for water 

resource systems (e.g. the expected duration of standpipes for a given drought severity, or the expected 

frequency and duration of Temporary Use Restrictions under a given future scenario). It does not cover 

the ‘consequence’ side of risk (i.e. the economic consequences of failure against relevant LoS 

thresholds) or the decision about LoS that will be chosen which will be considered during Decision 

Making (Section 2.1.2). 

The Risk Composition should be supported by LoS and Drought Resilience Statements which describes 

how the plan links to LoS, drought resilience and the Drought Plan (Section 7). 

WRPG 2017 states: 
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‘You must clearly justify your risk composition choice, particularly if you choose risk composition 1, and 

outline the risks and uncertainty involved (for example, in your behavioural modelling and source output 

analysis).’ 

The Problem Characterisation (Section 2.1.1) supports decisions relating to the selection of the Risk 

Composition and supporting tools to use to derive inputs to the DMT, including supply side inputs. 

SEW scored a majority risk score of 2 within the problem characterisation, which determines that the 

company is operating within a region of significantly restricted supply availability and therefore used 

more than one of the ‘extended’ risk-based approaches to Decision Making (Section 2.1.2). The DMT 

selected by SEW is an aggregated method requiring single values, of supply and demand, for each year 

of the forecast so linear investment optimisation can be used. Using an enhanced approach further 

enables evaluation of risk by enabling resilience testing of investment plans produced which 

incorporates links with the Drought Plan. 

SEW therefore decided to produce a Resilience Tested Plan which uses Risk Composition 2 and 

considers a more challenging but plausible range of droughts.  

SEW have used ‘drought events’, defined as a time series that represents a drought, including a ‘warm 

up’ period for modelling, generated using Event Based Drought Analysis (defined in Section 4.2.3), to 

test the plan and to look at the implications of alternative/more severe droughts on the ‘best value’ 

investment programme. 

The supply side has therefore been assessed using ‘plausible’ droughts more extreme than those 

experienced historically. ‘Drought events’, have been derived and ‘plausibility’ (approximate level of 

severity checked) using climatological, hydrological and system stress metrics of rainfall, aridity or 

hydrology; the approach is conventional plus ‘event based’ DO.  

These outputs produced under plausible drought events are appropriate for input into SEW’s DMT with 

a ‘design drought’ providing the baseline scenario and more extreme droughts providing further 

scenarios to enable resilience testing within the DMT and links to the Drought Plan. 

Section 2.4 describes how an inventory of droughts of varying characteristics will be selected for four 

selected severities of drought and Section 4.2.3 describes the method SEW used to select plausible 

droughts. 

Furthermore, more specifically to the supply side, the problem characterisation has identified specific 

concerns which mean a proportionate risk based approach is warranted to better understand the nature 

and complexity of the supply problem faced.  

The following responses to supply side ‘complexity factor’ questions demonstrate SEW’s significant 

concerns: 

• SEW faces uncertainties in terms of (current day) drought resilience (question Sa) and 

specifically the untested resilience of sources to ‘3 dry winter’ type drought scenarios not 

present in the historical record. 

• For WRMP14 SEW used a single ‘DO’ metric to describe drought risk for the supply system 

(question Sd) i.e. a 1 in 50 year (historic) drought. There are concerns that this is not a 

satisfactory metric for determining the preferred portfolio of options or understanding the 

uncertainty surrounding options selected. Untested under droughts more extreme than historic 

the resilience of options selected to different types of droughts / balance of options required to 

meet the supply demand deficit under different types of droughts remains unknown.    
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A more complex method is therefore needed to determine the definition of risk/return period for 

supply/DO variability and to determine the generation of drought events outside of the events observed 

within the historical record.  

Risk composition 2 requires more complex methods for generating the supply forecast whereby a range 

of alternative drought ‘events’ are added to the historic record. The ‘plausibility’ and a broad estimate of 

the severity of, these alternative drought events are evaluated through the use of ‘Event Based Drought 

Analysis’ (Section 4.2.3). ‘Drought events’ to generate drought scenarios are generated for input to the 

DMT. 

2.2 DO Assessment Framework  

Figure 5 below has been followed to determine the DO Assessment framework which will be used. 

(Takes into account LoS, Type of Source System, Constraints and Planning Scenario of interest). 

 

Figure 5: DO Assessment Framework Flow Chart taken from WR27 – Water Resources 

Planning Tools, 2012 

For SEW at the source level: 

The Low to Medium DO assessment framework (a), Source Output DO, is followed for South East 

Water’s WRZs 1, 4, 5, 6, 7 and 8 which are groundwater dominated and contain the following source 

types: 

• Surface Water (‘Run of River’) – Direct River Abstraction Sources  

• Groundwater – Single and Multiple Borehole and Springs 

This framework is suitable for single, standalone sources with simple constraints and no interconnection 

or partial interconnection. A reliable yield approach will be adopted for these sources defined as ‘the 

yield of a single source accounting for specified constraints’. This approach is appropriate when the 
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supply to a system can be obtained by simply summing the yields of the respective sources. This 

approach was followed for these source types for WRMP14 and will be carried forward for WRMP19. 

For surface water direct river abstraction sources, this is the typical method stated within the Handbook 

of Source Yield Methodologies for standalone unsupported direct river abstractions with limited storage 

(‘run of river’). Behavioural modelling could theoretically be applied to simple surface systems with no 

storage however this is not considered cost effective. 

Despite the recognition that groundwater sources are interconnected at the aquifer level and that 

summing the yields of the respective sources is not representative of these interactions, and the 

appreciation that groundwater is used conjunctively with surface water within certain parts of the supply 

system, due to a lack of regional groundwater models within SEW’s supply area behavioural modelling 

of SEW’s groundwater sources is not achievable for WRMP19, therefore for groundwater sources SEW 

is also following a reliable yield approach (specifically Source Output Analysis (SOA) defined as ‘the 

reliable output that can be drawn from a groundwater source’).  SEW will work towards a regional 

groundwater modelling approach for WRMP24. 

The Medium to High DO assessment framework (c), WRZ DO deterministic, is followed for South East 

Water’s WRZs 2 and 3 containing surface water and groundwater with surface water including the 

following source type: 

• Surface Water (Associated storage) - Reservoir  

This framework is suitable for single source or several sources with simple to complex constraints and 

for conjunctive use with complex constraints on outputs. Behavioural analysis (BHA) will be adopted for 

these sources defined as ‘the analysis of data, typically over a long time series, which is used to describe 

or derive a model of changes in the data, often with the intention of predicting the future behaviour of 

the variable being analysed’.   

Behavioural modelling is a more sophisticated approach that is appropriate for time variant systems that 

have a storage element. Behavioural modelling requires bespoke software, a system simulation model, 

in order to facilitate using an appropriate model time step and analysis over many years of the 

hydrological record. Behavioural models enable investigation of how a supply system behaves under 

the range of hydrological conditions observed within historic or derived (synthetic, stochastic or climate 

change perturbed) data sets. The model is then used to ensure interactions between sources are 

properly accounted for, such as to reflect a reservoir’s variation to inflow, outflow, storage and control 

rules.  

For WRMP14, SEW applied behavioural modelling to assess the yield/DO of surface water systems with 

associated storage (reservoirs) as this approach is considered as good practice for such complex river 

abstractions an approach within the Medium to High (b) Catchment DO assessment framework. This 

approach included the reservoir system in isolation and excluded other supply sources present within 

the WRZ; conjunctive use was not considered when assessing the reservoir yield/DO.  

South East Water for WRMP14 made a commitment to consider conjunctive use for WRMP19 (See 

Appendix B) and carrying forward the Medium to High (b) Catchment DO assessment framework is too 

simplistic from the perspective of complex or conjunctive use systems, as its framework does not 

consider the need to calculate DO when used conjunctively with other sources.  

UKWIR’s 00/WR/18/1 and 00/WR/18/2 reports on ‘The Unified Methodology’ (UKWIR and EA, 2000) 

promoted behavioural analysis and conjunctive use modelling, with limited detail surrounding application 

to groundwater sources.  



 

Appendix 4A Deployable Output Assessment and Bulk Supplies |  August 2019  
 

Confidentiality: not confidential | Author: Katie Woollard & James Wilkinson | Last saved: 13/08/2019 

File name: Appendix 4A WRMP19 DO and bulk supplies 190812 v2.0 Page 26 of 99 
 

SEW have concluded that for WRMP19 without access to regional groundwater models conjunctive use 

modelling is not achievable for assessing the DO of groundwater dominated water resource zones 

however DO of water resource zones including groundwater and surface water systems with associated 

storage will be assessed using this approach. 

For WRMP19 DO of SEW’s surface water sources with associated storage will be assessed under 

conjunctive operation by extending the system simulation (behavioural) models to include groundwater, 

‘run of river’ surface water sources and bulk supplies as non-simulated components. The approach will 

include the reservoir system in combination with other supply sources present within the WRZ; 

conjunctive use benefit from other sources will therefore be considered along with operational use of 

the reservoir when deriving the yield/DO of the reservoir. 

To assess WRZ DO, deterministic DO values output from the various assessment methods at the source 

level for the various source types will be summed up to the WRZ level.  

2.3 Climate change vulnerability assessment 

In line with the WRPG 2017 and the Environment Agency’s 2013 guidance ‘Climate change approaches 

in water resource planning – Overview of new methods’ there is a need to complete vulnerability 

assessments which will describe the risk and vulnerability of a range of climate change impacts on your 

sources at a WRZ level and classify WRZs as Low, Medium or High vulnerability to climate change. 

The outcome of the vulnerability assessment is then used to determine and justify the level of detail for 

climate change modelling. Methods selected to assess climate change may vary between zones; low 

vulnerability zones will require fewer runs and the use of simple approaches and medium/high 

vulnerability zones will require a larger number of runs and the application of more complex methods.  

The Environment Agency (April 2017) recently published a supplementary guidance note that 

recommends a similar approach for WRMP 2019 to that adopted for the WRMP 2014 vulnerability 

assessment - but updated to reflect any new evidence or changes to the system that might have an 

impact on climate vulnerability.  The vulnerability assessment is being updated for WRMP 2019 with the 

approach being adopted for the climate change modelling similar to that undertaken for WRMP 2014 

(noting that this is appropriate for all zones including those classified as being at high vulnerability) 

makes reference to the 2080s time-horizon as recommended in the supplementary guidance note. The 

logic behind this approach is that natural variability in the 2040’s can mask the impacts of climate change 

and therefore scaling back from the 2080’s will overcome this difficulty. In addition, climate change 

scenarios will be plotted onto the drought response surfaces allowing us to better understand the 

vulnerability of the zones in the context of system resilience (Section 4.3.1). 

SEW’s water resource zones have been assessed as medium/high vulnerability and therefore the more 

complex climate change methods have been adopted for WRMP19. The Tier 3 approach has been 

followed (Environment Agency (2017) : 

Tier 3 – UKCP09 / water company own approach  

Where a resource zone has been identified as high vulnerability or where a water company has 

developed their own approaches to assessing climate change impacts based on the last round of 

WRMPs, a more detailed Tier 3 analysis should be conducted. This should use the UKCP09 probabilistic 

projections.  
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2.4 WRSE and National 

Broadly for the South East the National project, WaterUK (Atkins, Mott MacDonald, NERA, HR 

Wallingford and Oxford University, July 2016), selected the following severities of drought: 

• Worst Historic – 1 in 100 year return period 

• Severe – 1 in 200 year return period 

• Extreme – 1 in 500 year return period 

However, within each severity of drought different ‘types’ of drought with varying critical durations were 

explored by WaterUK which included the following 5 metrics of drought: 

• 12 month – Hydrological year: ending Aug/Sep/Oct  

• 12 month – Calendar Year: ending Oct/Nov/Dec  

• 24 month – Hydrological year: ending Aug/Sep/Oct  

• 24 month – Calendar Year: ending Oct/Nov/Dec  

• 36 month – Hydrological year: ending Aug/Sep/Oct  

WRSE in the early phases of the project adopted percentage DO factors based on the WaterUK outputs 

to adjust WRMP14 DO figures under worst historic (1 in 100), severe (1 in 200) and extreme (1 in 500) 

year droughts. 

As a first step, and to standardise across all companies within the South East, WRSE reconciled 

WRMP14 baseline DO for each company to a worst historic 1 in 100 year drought; for SEW this involved 

a reduction from WRMP14 DO assessed under a 1 in 50 year event however for companies with a more 

extreme WRMP14 baseline DO this involved an increase from WRMP14 DO. 

In the later phases of the WRSE project company close to draft WRMP19 submission companies 

provided their final draft WRMP19 DOs to ensure that the DO input data used for options appraisal was 

consistent across both WRSE and company plans. 

SEW selected a range of ‘plausible’ droughts which aligned with the severities adopted by the National 

Project and WRSE for both WRMP19 and the Drought Plan; then within these drought severities the 

‘types’ of drought relevant to SEW, droughts with characteristics that result in ‘tipping points’, failure in 

the ability of the supply system to meet demand, were selected (Section 4.2.3). 

SEW identified an inventory of drought types, characterised in the type of format used by WaterUK (e.g. 

12 month hydrological year at 80% long term average rainfall), which are relevant to SEW for four 

selected drought severities (worst, severe, extreme and three dry winter). 

The severities, likelihoods of occurrence/estimated return periods, and ‘types’ or characters, of droughts 

were selected based on the ‘risk appetite’ of the company determined via internal consultation during 

the ‘Event Based Drought Analysis’ (Section 4.2.3). 

Severities of drought have been described in terms of likelihood of occurrence; however return periods 

of drought events were also estimated, to enable clear links to LoS (Section 7.1) and the Drought Plan 

(Section 7.3). 

The final drought severities taken forward for WRMP19 were: 

• Worst Historic – 1% Annual Return Probability/1 in 100 year return period 

• Severe – 0.5% Annual Return Probability/1 in 200 year return period 

• Extreme – 0.2% Annual Return Probability/1 in 500 year return period 
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• Three Dry Winters –0.5% to 0.2% Annual Return Probability/ 1 in 200 to 1 in 500 year return 

period 

Within each severity of drought different ‘types’ of drought with varying critical durations were explored 

which included the following 5 metrics of drought: 

• 12 month – October start (WRZ2 and WRZ3 only) 

• 12 month – April start (WRZ2 and WRZ3 only) 

• 18 month – October start (WRZ2 and WRZ3 only) 

• 18 month – April start (WRZ2 and WRZ3 only) 

• 24 month – October start (All WRZs) 

• 24 month – April start (All WRZs) 

• 36 month – October start (All WRZs) 

• 36 month – April start (All WRZs) 

See Section 6.3 of WRMP19 Appendix 4B (HR Wallingford, 2017) for the approach to ‘Selecting 

events for drought resilience assessment’. 
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3. Establish DO Assessment Data 

Data sets feeding into the DO assessment were collated from various departments across South East 

Water (as identified within Table 4) and inputs verified.  

These data sets include: 

• Hydrological and hydrogeological data (Section 3.1) 

• Constraints Data (Section 3.2) 

• Demand condition and demand profiles (Section 3.3) 

• Operational control rules (Section 3.4) 

 The data will then feed into DO Modelling (Section 4.2.2). 

Table 4: Data requirements for DO assessment 

Data Category Data Type Department 

Hydrological 

Yield 

Assessment 

Type 

Constraint Type 

Hydrological and 

Hydrogeological 

Hydrometric Data 

 

Water Resources 

(Supply 

Forecaster) 

Behavioural Model 

and Reliable Yield 

Approach 

 

Source 

Characteristics 

Manual Dip Data Water Resources 

(Supply 

Forecaster) 

 

Production 

Source 

Characteristics 

SOSI/New Source Info 

 

Borehole Maintenance 

Info 

 

Geophysical Data 

Engineering/Water 

Resources 

Source 

Characteristics 

 

Physical and 

Operational 

Constraints 

Constraints Maximo Database for 

pump constraints 

 

O&M Manuals 

 

Treatment Works and 

Network Capacity 

Constraints 

Assets Physical and 

Operational 

Constraints 
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Water Quality Constraints Water Quality Water Quality 

Constraints 

Licence constraints 

 

Water level constraints 

(i.e. Deepest Advisable 

Pumped Water Levels 

(DAPWLs) from source 

yield diagrams 

Water Resources 

(Supply 

Forecaster) 

Regulatory 

constraints 

Demand Conditions and 

Profiles 

Water Resources 

(Demand 

Forecaster) 

Behavioural Model Demand 

constraints 

Operational Control Rules Water Resources 

(Supply 

Forecaster) 

 

Assets  

 

Production 

Physical and 

Operational 

Constraints 

 

3.1 Hydrological and hydrogeological data 

Data is required for input into hydrological and hydrogeological models (Section 4.2.2), this includes: 

Historical data: River flows and groundwater records are reconstructed by extending climate records 

back to 1920 (where possible data sets need to go back at least to 1920 due to a drought in the early 

1920s); the period of record (hindcast periods): 

• For use in Source Output Analysis (SOA) for groundwater the historical climate level series 

goes back to 1890. 

• For use in Behavioural Analysis (BHA) for surface water 1910 to 2014 of observed data and 

hindcast data back to 1890; HYSIM will be run for climate back to 1890 i.e. longer than the 

observed record. 

Synthetic Data: Synthetic drought events created by sampling the historical data record on a monthly 

basis to construct drought events with defined characteristics. The three main characteristics explored 

are drought duration (in months), drought severity (deficits to long term average (LTA) precipitation from 

1918 to 1998); and drought seasonality (both an April and October drought start month). 

Stochastic Data: The WRSE project used an R/GAMLSS - based weather generator (WG), to artificially 

produce daily precipitation data at sub-catchment level (200 series of 78 years = 15,600 years in total) 

(Atkins, 2016). The WG-derived data consists of multiple time series based on the 1918 - 1997 period 

of baseline precipitation. The PET was re-sampled based on a closest monthly match of precipitation. 

Climate change perturbed data: The UK Climate Projections (UKCP09), probabilistic projections of 

temperature and rainfall, for the 2080s, under a Medium Emission scenario. UKCP09 climate change 

projections consist of 10,000 sets of potential future climates, 100 projections are sampled from the 

10,000 UKCP09 climate change projections using a method called Latin Hypercube Sampling (LHS).  
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The 100 UKCP09 temperature and precipitation factors were then used to perturb the baseline 

(historical) temperature and precipitation time series.  In short, UKCP09 climate factors used to perturb 

baseline precipitation and potential evapotranspiration (PET) time series.  This produces future climate 

change time series for precipitation and PET.   

Section 2.1 of WRMP19 Appendix 4B (HR Wallingford, 2017) describes the development of climate data 

sets.  

3.2 Constraints data 

The definition of DO stated in Section 1.1.1 includes various constraints. 

In practice it is not always possible to achieve an output at a source equal to the hydrological or 

hydrogeological yield because of constraints. There are different terms used for yield which relate to the 

progressive application of additional constraints to a source or system’s output. Only once all constraints 

have been considered has the DO of a source or system been modelled (Section 4.2.1). The table below 

summarises the constraints into categories and shows the order of application.  

Table 5: Terms for source / system output relating to the progressive application of 

additional constraints  

 

The definitions of the various yield types are given below: 

Hydrological Yield: The output from a source that can be sustained by the catchment or aquifer feeding 

that source. A basic description is the daily volume that can be drawn from the source under given 

design conditions. For water resource planning purposes the hydrological yield often, but not 

necessarily, equates to the volume that can be taken in the worst drought that might be feasibly expected 

to affect the source. 

Potential Yield: The yield of a commissioned source or group of sources as constrained only by well/and 

or aquifer properties for specified conditions and demands. For groundwater sources, often specifically 

used to refer to the volume of water which can be withdrawn from a reservoir or aquifer in specified 

conditions, without depleting the storage so that withdrawal is no longer possible. 

Reliable Yield: The yield of a single source accounting for specified constraints.  

Source yield / system yield:  When constraints relating to licences are also considered. 

Source 

Characteristics 

Physical and 

Operational 

Constraints  

Water Quality 

Constraints 

Regulatory 

Constraints 

Demand 

Constraints 

 Hydrological 
/hydrogeological 
yields for 
component 
sources 

 Pumping plant 
capacity and/or 
well aquifer 
properties 

 Raw water mains 
and/or aqueducts 

 Transfer and/or 
output main 

 Reservoir volume 

 Treatment / water 
quality issues 

 Applicable licence 
conditions, which 
often include 
environmental 
requirements 

 Other regulatory 
constraints, such 
as water banks 

 Influence of 
planned Levels of 
Service (LoS) 

Hydrological yield  

Potential or reliable yield  

Source yield/system yield  

Deployable output 



 

Appendix 4A Deployable Output Assessment and Bulk Supplies |  August 2019  
 

Confidentiality: not confidential | Author: Katie Woollard & James Wilkinson | Last saved: 13/08/2019 

File name: Appendix 4A WRMP19 DO and bulk supplies 190812 v2.0 Page 32 of 99 
 

Deployable Output: Involves consideration of all constraints described above as well as demand 

constraints  

For WRMP19, SEW have updated the constraints data with existing and new data / information available 

since WRMP14. This includes data held in Maximo, O&M files, Water Resources and Production manual 

dips, Scopex / Aquanet flow and water level data, information from Water Quality / process scientists, 

Production, Engineering (project managers), and Assets including network modellers. A CRAV process 

will be used to ensure data verification is robustly recorded (see SEW’s Quality Assurance document 

within WRMP19 Appendix 11A).  

The constraints information was compiled into a single excel file for reference (South East Water, 

2017a).  Summary information from this working table, for each source, is set out in the WRP Tables 

(Table 1 – BL Licences) for Dry Year Annual Average (DYAA) and Dry Year Critical Period (DYCP).  

This categorizes the constraint on a source for example Abstraction Licence, Water Quality, Hydrological 

or System (Treatment Process, Network etc).  In future, it may be possible to reduce constraints on the 

system through engineering interventions.  Constraints put in place to protect the environment, including 

abstraction licence limits; and hydrological constraints (water availability in the aquifer or river) can not 

be simply addressed by an engineering solution.  As the complexity of the constraint increases, there is 

an increasing requirement to consider more holistic and conjunctive approaches within the region to 

meet demand and minimize further stresses on the environment. 

3.3 Demand condition and demand profiles 

Demand profiles, which determine the timing of the critical period, used within the Kestrel-WRM system 

simulation (behavioural) model for SEW’s surface water systems with associated storage (Section 4.2.2) 

to assess DO under DYCP (Section 1.1.3) were taken from the surface water system simulation models 

of these systems used for WRMP14 (the Excel-VBA models) as at the time of modelling the demand 

forecast was incomplete so the WRMP14 demand profile was used 

The WRMP19 demand profiles were reviewed on completion of SEW’s demand forecast in October 

2017 and found to be consistent with the WRMP14 demand profile. As no changes are identified the 

DO for these surface water systems will be re-assessed with the revised profiles.  

The demand profiles used within the Kestrel-WRM models in WRZs 2 and 3 can be found within 

WRMP19 Appendix 4B (HR Wallingford, 2017), Table 5.3 and Table 5.5.  

3.4 Operational control rules 

Reservoir drought trigger curves provide operational control rules within the Kestrel-WRM system 

simulation (behavioural) model for SEW’s surface water systems with associated storage (Section 4.2.1) 

Control curves provide restricted and unrestricted scenarios by triggering application of percentage DO 

reductions with implementation of drought demand restrictions under average and peak conditions 

derived from figures within SEW’s 2013 Drought Plan; the same percentages used by WRSE for the 

regional modelling work. For WRMP19, SEW are revising and optimising the drought trigger curves 

developed for SEW’s 2013 Drought Plan using the extended Kestrel-WRM system simulation model 

(Section 7.1). 

HR Wallingford carried out modelling work to optimise SEW’s WRMP14 reservoir drought trigger curves. 

See Section 5.6 of WRMP19 Appendix 4B (HR Wallingford, 2017) for detail of the modelling methods 

used and the final optimised curves.  
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4. Calculate DO  

4.1 Bulk Supplies 

The definition of bulk supplies, as adopted within this document, is provided in Section 1.1.2. This 

definition includes bulk supplies from donor companies (inter-company transfers) as well as inter-zonal 

transfers (intra-company transfers). 

4.1.1 Inter-company transfers 

WRPG 2017 state: 

‘You should provide information on the:  

• agreed limits between supplier and recipient companies  

• total volume available for each year of your plan (excluding any water that cannot be transferred 

due to operational or infrastructure constraints)  

• variations related to contractual arrangements such as decreases in transfers due to drought  

• direction of flow and whether it can be changed  

• water quality of water being transferred and the impacts on the receiving area water quality 

(even within a water resource zone)’  

An inter-company bulk supply is ‘a supply of water from one appointed company to another. Bulk 

supplies are sometimes referred to as ‘water trades’ as they are a way for water companies to trade 

water. Transporting the bulk supply from one company to another company involves an 

‘interconnection’, often in the form of a pipe. Companies can draw up a contract between them (a ‘bulk 

supply agreement’) that sets out the terms and conditions of a bulk supply, including the price.’  

SEW have  contacted supplier companies to confirm that they have made the necessary arrangements 

to meet their statutory and policy obligations (for example climate change assessments) and to ensure 

that donor companies will be able to supply SEW with water during our design drought and also to 

ensure that SEW will continue to be able to meet LoS. Bulk supply agreements have been drawn up in 

line with OFWAT’s ‘Negotiating Bulk Supplies – A framework’ guidelines (OFWAT, August 2013).  

For WRMP19 instead of adopting a pain share approach during droughts SEW have agreed with donor 

companies quantified bulk supply yields under a 1 in 100 year (worst historic), 1 in 200 year (severe 

drought), 1 in 500 year (extreme drought) event and a three dry winter event (between a 1 in 200 and 1 

in 500 event in term of severity); These are the yields which SEW will continue to receive during our 

‘design drought’ under which our baseline DO and WRMP19 will be assessed (a worst historic drought 

event with an estimated 1 in 100 year return period), and droughts more extreme than the design drought 

which will link to our Drought Plan and provide scenarios for resilience testing within our DMT (a severe 

and extreme drought event with estimated 1 in 200 and 1 in 500 year return period respectively).  

Section 5.1 provides the fixed bulk supply DOs across the range of drought severities and climate 

change as agreed with donor companies.  

4.1.2 Intra-company transfers 

The WRMP14 transfers of raw/treated water within SEW’s supply area, into and out of WRZ’s, have 

been verified and updated where required by SEW’s network modellers.  
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4.2 Calculate Baseline DO Base Year  

SEW have followed the guidance for Risk Composition 2 within UKWIR’s Risk Based Planning Methods 

(UKWIR, 2016) to determine the method to assess base year DO, as part of the supply component, 

which is compatible with an aggregated DMT approach (Section 2.1.2). The approach is conventional 

plus ‘event based’ DO.  

‘Event Based Drought Analysis’ (Section 4.2.3) has been used to determine ‘event’ estimates of base 

year DO which provide the supply input component to, and scenarios for, the DMT.  Base year DO 

assessed under a 24 month duration 1 in 100 plausible ‘design drought’ has been selected for the 

baseline WRMP analysis with more extreme plausible 24 month duration 1 in 200, 24 month duration 1 

in 500 and 36 month duration (three-dry winter) 1 in 200 to 1 in 500 droughts selected to enable 

resilience testing within the DMT to derive a ‘best value’ options portfolio (Section 7.2) and to link to the 

Drought Plan (Section 7.3). 

Drought ‘events’ are defined as a time series that represents a drought, including a ‘warm up’ period for 

modelling, generated using ‘Event Based Drought Analysis’ (Section 4.2.3). 

Generating drought ‘event’ estimates of DO under drought events that have not been observed within 

the historic sequence involves using historic, synthetic, stochastic and climate change data as inputs 

(Section 3.1) to models selected for the various methods relating to the various source types as 

determined by the DO Assessment Framework in Section 2.2.  

  



 

Appendix 4A Deployable Output Assessment and Bulk Supplies |  August 2019  
 

Confidentiality: not confidential | Author: Katie Woollard & James Wilkinson | Last saved: 13/08/2019 

File name: Appendix 4A WRMP19 DO and bulk supplies 190812 v2.0 Page 35 of 99 
 

Create severity-duration plots 

using climatological, 

hydrological and system 

stress metrics, likelihood 
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return periods, to check 
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the Drought Plan)

Generate climate change 
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inputs

Hydrological and 

hydrogeological (flow and 

level) and DO Modelling

 

Figure 6: ‘Event’ Estimate of Baseline DO compatible with Risk Composition 2 and an aggregated DMT approach for a ‘Resilience 

Tested Plan’ 

As shown in Figure 6, generating baseline DO ‘event’ estimates under drought events that have not been observed within the historic sequence involves: 

• Using historic, synthetic, stochastic and climate change data inputs (Section 3.1). DO for WRMP14 was assessed using historic and climate 

change data inputs only. 

• Conventional DO modelling; hydrological and hydrogeological (flow and level) and DO Modelling (Section 4.2.2). Modelling approaches will be 

carried forward from approaches used for WRMP14 with the exception of the system simulation model to assess the DO of surface water systems 

with associated storage i.e. reservoirs which will be extended to consider conjunctive use and therefore addressing a commitment to the EA that 

SEW made within their WRMP14 (Appendix B).  We consider development of conjunctive use modelling to be a continual process, and further 

effort will be made to enhance the models, and widen the coverage area, for example consideration for inclusion of other WRZs, as we start 

preparation for WRMP24. 

• Ranking droughts generated in order of severity to determine the likelihood of droughts occurring in any given year and estimating return periods 

using the outputs from the stochastic DO modelling [For WRMP14 return periods were estimated using frequency analysis and the historic record 

however the guidance dictates that WRMP19 requires the analysis of risk/return period for droughts generated using artificial methods with 

supplementary WRPG guidance from the EA (Environment Agency, November 2016) stating that ‘an estimate of drought severity is required for 

each reported drought…a return period is preferred where possible. However, it may be more appropriate to simply rank the droughts…in order 

of severity if a company is particularly uncomfortable with quoting a return period’] (Section 4.2.3) (See WRMP19 Appendix 4B (HR Wallingford 

2017), Section 6.3.2 for an explanation of how droughts were ranked and return periods estimated for SEW’s WRMP19 DOs.) 

• Using ‘Event Based Drought Analysis’ to select ‘plausible’ droughts; creating severity-duration plots using climatological, hydrological and system 

stress metrics, likelihood contours and estimated  return periods, to check ‘plausibility’ of events (Section 4.2.3) 

The above steps relate to the base year, with DO generated under artificial droughts set in the context of the historic record. Once this has been done, 

future forecasts including climate change are applied and climate change perturbations for forecast DO generated (Section 4.3.1). 
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4.2.1 Comparing WRMP14 and WRMP19 modelling approach  

 
Models to assess DO have been selected for the WRMP19 DO assessment by following the DO 

assessment framework; justification for why SEW is taking different approaches to different types of 

sources is provided in Section 2.2. 

The Low to Medium DO assessment framework (a), Source Output DO, a ‘Reliable Yield Approach’ 

(UKWIR, 2014), will be followed for: 

• Surface Water (‘Run of river’) - Direct River Abstraction Sources  

– Method: Assessment of flows using observed or modelled, naturalised or denaturalised, 

flow data to determine hydrological yield and constraints considered to derive DO as 

carried out for WRMP14; determines the yield that can be reliably drawn from the source 

adjusting the hydrological yield to account for system constraints (Section 3.2). 

• Groundwater – Single and Multiple Borehole and Springs  

– Method:  FA056 groundwater recharge models and multiple linear regression models used 

to convert flow to groundwater level at signature observation boreholes. Scaling factors 

and curve shifting (UKWIR, 1995)* used to translate groundwater levels at signature 

boreholes to groundwater levels at our production boreholes. A consideration of 

constraints (Section 3.2) will translate hydrogeological yield to DO. Approach is as carried 

out for WRMP14. 

Licence constraint variations under average and peak conditions (Section 3.2), along with average/peak 

operational data within the models, drives the differences between DYAA and DYCP DO (Section 1.1.3).  

The Medium to High DO assessment framework (c), WRZ DO deterministic, a Behavioural Modelling 

Approach is followed for: 

• Surface Water (Associated Storage)- Reservoirs 

– Method: Rainfall runoff model (HYSIM) used to determine flow to assess hydrological yield 

and an extended system simulation model (Kestrel-WRM) used to consider constraints 

(Section 3.2) and to derive DO.  

 

For WRMP14 a Medium to High (b) Catchment DO assessment framework was used for 

surface water systems with associated storage i.e. reservoirs. The reservoir system was 

modelled in isolation using an Excel-VBA model. Demand at a single demand node was 

met by the reservoir with other supply sources present within the WRZ not accounted for; 

conjunctive use was therefore not considered when assessing the reservoir yield/DO.  

 

For WRMP19 the Excel-VBA model has been translated to a Kestrel-WRM model to 

enable multiple synthetic and stochastic simulations to be run. The Kestrel-WRM system 

simulation model has also been extended to include multiple demand nodes fed by all 

supply sources present within the WRZ including bulk supplies, groundwater and 

reservoirs; conjunctive use benefit from other supply sources will therefore also be 

considered when deriving the yield/DO of the reservoir and a Medium to High DO 

assessment framework (c), WRZ DO deterministic approach followed. The extended 

                                                
 

* Although nearly 20 years have elapsed since this reports publication, the methodologies contained within remain the basic 
building blocks for groundwater yield reporting in the UK. 
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Kestrel–WRM model will incorporate SEW’s operational approach to source and network 

use during normal through to drought conditions and therefore operational use of the 

reservoir will be considered when assessing DO.  

 

We consider development of conjunctive use modelling to be a continual process, and 

further effort will be made to enhance the models, and widen the coverage area, for 

example consideration for inclusion of other WRZs, as we start preparation for WRMP24. 

 

Licence constraint variations under average and peak conditions (Section 3.2), along with the timing of 

the critical period within the demand profile in the behavioural model (Section 3.3), drives the differences 

between DYAA and DYCP DO (Section 1.1.3).  

The approach to flow, level and DO modelling is presented schematically in Figure 7 and Figure 8; these 

figures also show changes to the approach WRMP14 (Figure 7) to WRMP19 (Figure 8). The approach 

to modelling the impacts of climate change on DO as described in Section 4.3.1 is also included. 

For WRMP14, Baseline DO was assessed using droughts within the historic record. The DO was 

assessed under/resilient to a 1 in 50 year drought event. The way in which Demand Constraints 

(Influence of Planned LoS) was dealt with for WRMP14 is discussed in Section 7.1. 
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Figure 7: DO Modelling Approach WRMP14: Source Level Outputs 
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For WRMP19 the modelling approach is shown in Figure 8 below. Baseline DO will be assessed using 

both historic droughts and droughts more extreme than those within the historic record. The DO will be 

assessed under/resilient to a ‘design drought’ event. The way in which Demand Constraints (Influence 

of Planned LoS) was dealt with for WRMP19 is discussed in Section 7.1. 
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Figure 8: DO Modelling Approach WRMP19 (changes WRMP14 to WRMP19 shown in 

red): Source Level Outputs 
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4.2.2 WRMP19 Modelling Approach 

The DO Modelling work for SEW’s WRMP19 was carried out by a range of consultants working 

alongside SEW.  See Figure 9 for an overview of the modelling methodology and the various work 

packages delivered by specialist consultants and the components delivered internally by SEW. The DO 

modelling approaches followed for SEW’s WRMP19 DO assessment are as described within the 

Handbook of Source Yields Methodologies (UKWIR, 2014). 

Figure 9: WRMP19 DO Assessment Flow Diagram: Work Packages and Delivery 
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Hydrological and hydrogeological data inputs to the various models used for WRMP19 for the various 

source types are described in Section 3.1.  

Hydrological and hydrogeological yield assessments were used to identify the available resource in the 

absence of infrastructure, statutory or other constraints and defined as ‘the unconstrained output of a 

source that can be sustained by the catchment or aquifer feeding the source’. To translate hydrological 

and hydrogeological yield assessments to DO consideration of hydrological, licence and other 

constraints data is required (Section 3.2). 

HR Wallingford assessed DO for the majority of SEW’s sources using hydrological / hydrogeological 

models; the assessment of hydrological / hydrogeological yield is the starting point before other 

constraints are considered. It is worth noting that it is not always possible to achieve an output at a 

source equal to the hydrological or hydrogeological yield (the output from a source that can be sustained 

by the catchment or aquifer feeding that source) due to other constraints (Section 3.2).  

For water resource planning purposes the hydrological / hydrogeological  yield often, but not necessarily, 

equates to the volume that can be taken in the worst or ‘design’ drought that might be feasibly be 

expected to affect the source. This means that sources that are hydrologically / hydrogeologically 

constrained are most vulnerable to more extreme (stochastic) droughts and changes to the company’s 

LoS / resilience for DO (i.e. the ‘design drought’ selected) (see Section 5.4).  

It is possible that more severe droughts created through stochastic analyses could constrain source 

yields that are currently limited by other factors e.g. by reducing the Potential Yield of groundwater 

sources below licence, pump or treatment constraints. 

Furthermore, ideally the other constraints considered in the DO assessment / modelling should be 

matched to conditions that would be expected in the worst drought however constraints will be kept 

constant for WRMP19 through the range of droughts due to a lack of evidence as to how constraints 

data may change as drought severity worsens. 

To assess WRZ DO, deterministic DO values output from the various assessment methods at the source 

level for the various source types were summed up to the WRZ level: 

• For WRZs 2 (Haywards Heath) and 3 (Eastbourne), containing SEW’s reservoirs, constraints 

for individual sources are considered at the source level and at the WRZ level within the 

Kestrel-WRM ‘behavioural models’  

• For WRZs 1 and 4-8 (Tunbridge Wells, Bracknell, Farnham, Maidstone, Cranbrook and 

Ashford) which do not contain reservoirs constraints are considered at the individual source 

level and at the WRZ level during aggregation 

Sections 4.2.2.1 to 4.2.2.5 describe the modelling approaches and 4.2.2.6 fixed values used to assess 

South East Water’s source level and water resource zone level DO for WRMP19 as shown in Figure 9. 

4.2.2.1 Input Climate Data 

Climate data used as input to the hydrological and hydrogeological models were derived from the 

following sources: 

• The historic data was provided by South East Water 

• The stochastic data provided by Atkins from their stochastic weather generator developed for 

Water Resources in the South East for WRMP19 (Atkins, 2016) 

• The synthetic data was developed by HR Wallingford. 
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WRMP19 Appendix 4B (HR Wallingford, 2017) describes the input data sets used for modelling in 

Section 2.1 Development of Climate Data Sets. 

4.2.2.2 Groundwater Modelling – 1 in 50 year return period drought (WRMP14 DO 

Reassessment) 

Groundwater DO assessed under a 1 in 50 year return period drought i.e. re-assessment of SEW’s 

WRMP14 DO maintaining WRMP14 LoS.  

The steps followed were: 

1. Constraints data were collated as per Table 4 and Section 3.2 within a main constraints sheet 

by SEW / Jacobs (South East Water, 2017a) 

2. WRMP14 source yield curves were updated for WRMP19 assessment with updated constraints 

and operational data by SEW. 

2.1 Source yield curves were updated with constraints data collated during step 1 

2.2 Source yield curves were updated with any new pump test data by Jacobs (South East Water, 

2017b,c,d).  

2.3 Since there had not been a drought since the WRMP14 DO assessment (in 2012) there was 

no additional dry year groundwater level or abstraction operational data available to add to the 

source yield  curves   

2.4 Source yield curves were produced for new boreholes using updated constraints and pump 

test data (South East Water, 2017b,c,d). 

3. SOSI assumptions and figures, as presented in Table 6, were determined via discussions with 

both engineering and water resources (As per Table 4). These will be reassessed 17/18 

following publication of the draft plan and before finalising the final plan. 

Table 6: SOSI assumptions built into the WRMP19 assessment 

AMP Scheme 

Target DO 
Declared 

WRMP14  

WRMP19 

Figure 

ADO PDO ADO PDO ADO PDO 

AMP5 Groombridge WTW Eridge Beyond Licence 2.5 2.9 2.5 2.9 2.5 2.9 

Groombridge Eridge SoSI Increase in Licence 

AMP5 Crowhurst Bridge WTW - New Source 

Development  

8.32 9.06 7.24 7.66 10.61 11.35 

AMP5 Saints Hill WTW Beyond the License Rate 7 7 7 7 7 7 

AMP5 Tonbridge WTW Closing the Gap Increasing 

Output  

4.9 4.9 4.9 4.9 4.9 4.9 

AMP5 Pembury - Closing the Gap on Peak – Pre-

construction Phase 

8.24 11.24 8.24 11.24 11.38 12.12 
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AMP5 Pembury Ashdown - including Borehole No. 11 

and No.10 (Bassets Replacement BH) 

3.94 4.24 4.61 6.44 5.44 6.02 

AMP5 Pembury Ashdown Lilley Farm EOBH N/A N/A N/A N/A 1.17 1.33 

AMP5 Pembury TW Springs 0.3 0.3 0.3 0.3 0.3 0.3 

AMP5 Hartlake 3.33 4.6 3.33 4.5 4.47 4.47 

AMP5 Tilford Wellesley Road Borehole No.6 (BH4 

replacement) 

    8.04 10.32 8.04 10.32 

AMP6 Boxalls Lane WTW [Greensand] 4.14 4.55 3.8 1.71 4.14 4.55 

AMP6 Cowbeech Refurbishment  1.5 1.95 1.82 2.4 0 0 

AMP6 Sharnden Borehole to Coggins Mill WTW - raw 

water main 

3.2 3.4 1.8 1.8 3.2 3.4 

AMP6 Sharnden new borehole 

AMP6 Forest Row 2.53 4 1.25 1.6 2.53 4 

AMP6 Hempstead 1.16 1.16 1.16 1.16 0 0 

AMP6 Keleher WRMP [WTW enhancement] 45 45 45 45 45 68 

AMP6 Bray Gravels WRMP  18 24 18.1 18.1 18 24 

AMP6 Britty Hill replacement borehole      3.14 5.5 3.14 5.5 

AMP6 Maytham Farm          0 0  

AMP6 Outwood to Whitely Hill  0 0 0 0 0 0 
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AMP6 Barcombe Discharge Recovery 2 2 2 2 2 2 

 

1. Jacobs reassessed DO under a 1 in 50 year drought event  

2. Jacobs / SEW provided HR Wallingford with the following data sets to feed into their 

groundwater drought resilience and climate change modelling (Section 4.2.2.3) 

2.1 ADO and PDO under a 1 in 50 drought event at the source level and main constraints on ADO 

and PDO  

2.2 DAPWLs / expert judgement on how aquifer properties change with depth to support curve 

shifting under extreme droughts 

2.3 Group and water resource zone aggregation rules to enable aggregation of source level DO  

4.2.2.3 Groundwater Modelling – Drought resilience and climate change assessment  

HR Wallingford assessed groundwater DO under alternate more extreme drought events (> 1 in 50 year 

return period) and climate change. 

See Section 3 of WRMP19 Appendix 4B (HR Wallingford, 2017) for groundwater drought resilience and 

climate change DO modelling. 

4.2.2.4 Surface Water Modelling – Drought resilience and climate change assessment 

SEW’s LoS for DO for WRMP14 was stated as 1 in 50. This was true for groundwater however SEW’s 

WRMP14 DO was in fact assessed under a worst historic 1 in 100 year drought. The reassessment of 

the WRMP14 DO was therefore carried out by HR Wallingford as they assessed surface water DO under 

alternate more extreme drought events (> 1 in 50 year return period) and climate change. 

Water Resource Associates extended SEW’s HYSIM models of the Ouse and Cuckmere and proved 

that model calibration was optimal and could not be improved (Water Resource Associates, January 

2017). These extended models were then provided to HR Wallingford for surface water drought 

resilience and climate change DO modelling.  

See Section 4 of WRMP19 Appendix 4B (HR Wallingford, 2017) for surface water drought resilience 

and climate change DO modelling.  

4.2.2.5 Water Resource Modelling - Drought resilience and climate change assessment 

In WRZ2 and WRZ3 which include surface water with associated storage (i.e. reservoirs) the surface 

water system simulation model was developed by HR Wallingford to include conjunctive use addressing 

a SEW WRMP14 commitment (see Appendix B).  

See Section 5 of WRMP19 Appendix 4B (HR Wallingford, 2017) for surface water drought resilience 

and climate change DO modelling.  

4.2.2.6 Fixed values 

HR Wallingford produced modelled DO values only (see results Section 7 of WRMP19 Appendix 4B 

(HR Wallingford, 2017) and results Section 5 of this report).  

For certain sources fixed DO values were used (see Appendix A of WRMP19 Appendix 4B (HR 

Wallingford, 2017)) 

• Groundwater sources  

– Jacobs expert judgement used to derive values in the absence of data available to model 

the sources 
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Table 7 Groundwater fixed source DO values 

  

Historic

al 

Drough

t (1 in 

50) 

ADO 

(Ml/d) 

Design 

(AP = 

1%) 

ADO 

(Ml/d) 

Severe 

(AP = 

0.5%) 

ADD 

(Ml/d) 

Extrem

e (AP = 

0.2%) 

ADO 

(Ml/d) 

Three 

Dry 

Winters 

CC 

(2080s) 

5th 

Percent

ile 

CC 

(2080s) 

25th 

Percent

ile 

CC 

(2080s) 

50th 

Percent

ile 

CC 

(2080s) 

75th 

Percent

ile 

CC 

(2080s) 

95th 

Percent

ile 

Historic

al 

Drough

t (1 in 

50) 

PDO 

(Ml/d) 

Design 

(AP = 

1%) 

PDO 

(Ml/d) 

Severe 

(AP = 

0.5%) 

PDO 

(Ml/d) 

Extrem

e (AP = 

0.2%) 

PDO 

(Ml/d) 

Three 

Dry 

Winters 

CC 

(2080s) 

5th 

Percent

ile 

CC 

(2080s) 

25th 

Percent

ile 

CC 

(2080s) 

50th 

Percent

ile 

CC 

(2080s) 

75th 

Percent

ile 

CC 

(2080s) 

95th 

Percent

ile 

 

Pembury 

Springs 

0.3 0.2 0.1 0.02 0.02 0.02 0.02 0.10 0.20 0.30 0.30 0.30 0.10 0.02 0.02 0.02 0.02 0.10 0.30 0.30  

Hartlake 

Wells 

4.47 4.47 4.38 3.4 3.4 3.40 3.40 4.38 4.47 4.47 4.47 4.47 4.38 3.40 3.40 3.40 3.40 4.38 4.47 4.47 Based on the 

River Medway 

Scheme Bulk 

supply drought 

and climate 

change impact 

Tonbridge 

Gravels 

4 4 3.92 3.04 3.04 3.04 3.04 3.92 4.00 4.00 4.00 4.00 3.92 3.04 3.04 3.04 3.04 3.92 4.00 4.00 Based on the 

River Medway 

Scheme Bulk 

supply drought 

and climate 

change impact 

Cossington 

Springs 

2.16 1.04 0.43 0.17 0.17 0.17 0.17 0.43 1.04 1.04 2.16 1.04 0.43 0.17 0.17 0.17 0.17 0.43 1.04 2.16 Estimate from 

Trevor Muten 
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• Surface water sources 

– SEW provided expert judgement (notes that for Keleher SEW corresponded with 

Thames Water)  

Table 8 Surface water source DO values 

WRZ Source ADO* PDO* Comment* 

 2 Shellbrook 4.5 4.5 HR Wallingford confirmed via the WRZ2 system simulation model 

that this source is resilient through drought and climate change (see 

WRMP19 Appendix 4B) 

3 Crowhurst 

Bridge 

2 2 No hydrological information available to test the drought or climate 

change resilience of this source (HR Wallingford response to 

comments on draft report); assumption used within assessment that 

DO is maintained through droughts and climate change. 

 3 Wallers 

Haven 

6.8 6.8 Using the existing hydrological HYSIM model significantly reduced 

DO because flows fall to zero in the model quite frequently.  Due to 

the management of this system, the Hazards Green augmentation 

boreholes being used to maintain the river flow in the Wallers Haven 

for abstraction at Hazards Green further downstream during dry 

years, 6.8 Ml/d, the total sum of the Hazards Green augmentation 

boreholes outputs is the assumed DO during dry years and climate 

change. (HR Wallingford response to comments on draft report) 

4 Keleher 45 68 Kevin Mountain, Thames Water, confirmed 24.07.17 - under all 

drought (1 in 100, 1 in 200, 1 in 500 and three dry winter) and climate 

change (2080s) scenarios South East Water would be able to 

continue abstracting to their maximum capability as constrained by 

the licence and keep the DOs fixed across the scenarios and not 

include any reductions. South East Water’s own source however 

email correspondence treated as bulk supply discussion. 

6 Burham RMS  RMS  Included as SEW ‘own source’ within water resource planning tables 

however figures determined via bulk supply discussions with 

Southern relating to River Medway Scheme.  

7 Bewl RMS  RMS  

*Note that values stated for ADO and PDO are maintained across all drought scenarios and climate 

change with justification for this provided in the comments column of the table below. 

• Bulk supplies  

– SEW have drawn up contractual agreement with neighbouring water companies for bulk 

supplies under the design 1 in 100 drought (1 in 200 for Southern Water’s bulk supplies), 

more extreme 1 in 200, 1 in 500 and three dry winter droughts and climate change. 

4.2.3 Selecting ‘Plausible’ Droughts – Event Based Drought Analysis 

‘Event Based Drought Analysis’ is ‘a simulation of plausible droughts outside of those that occurred in 

the historical record. Based on ‘what if’ analysis rather than the generation of probabilistic climates.’ and 

is described within UKWIR’s 2016 Risk Based Planning guidance. 

Environment Agency (November 2016) supporting WRPG document defines ‘plausible droughts’ as 

‘periods of lower than usual rainfall that a company might reasonably be expected to prepare for’. 
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The severity of drought as it applies to public water supply systems depends on multiple factors as 

shown in Figure 10. Drought severity can only be described in risk based terms once a metric that 

considers intensity, duration, timing and magnitude has been defined.  

 

Figure 

10: A summary of metrics that can be used to describe supply side risks (UKWIR, 2016a) 

 

SEW have considered climatological and hydrological metrics however system stress metrics (i.e. DO) 

has been used to select ‘plausible’ droughts relevant to SEW to assess both: 

• A ‘design drought’ to assess the WRMP baseline base year DO along with other droughts of a 

similar likelihood but with different characteristics and will be listed in the new WRP Table 10 

(Section 7.3) 

• More extreme droughts to assess DO for scenario testing within the DMT and to link to the 

Drought Plan also via WRP Table 10 (Section 7.3).  

System stress metrics (i.e. DO) have the advantage that they implicitly include all the drought factors 

within a metric, reflect non-linearities between available resources and system impacts and provide an 

indicative return period that is directly relevant to customer LoS to be estimated (Section 7.1). This also 

enables SEW to meet the commitment made to the EA in their WRMP14 to further assess the effects 

of LoS on DO calculations prior to the next WRMP (See Appendix B). Climatological and hydrological 

metrics however only provide an approximation of risks to customers and require pre-defined drought 

duration and magnitude. 

Metrics allow a demonstration that the artificial droughts that have been generated are compatible with 

the climatology that is contained in the historic record. The level of proof required for Risk Composition 

2 is the production of a few droughts that are ‘plausible’, with a broad estimate of their return periods. 

SEW is working to Risk Composition 2 therefore: 
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• Climatological and hydrological metrics (outputs from the surface water flow and groundwater 

level modelling Section 4.2.2) have been used to demonstrate the ‘plausibility’ of the artificial 

(synthetic and stochastic droughts) in the context of the historic record provided the magnitude, 

timing and duration are reasonably reflective of system drought stress. 

 

• However, SEW have also used system stress based metrics (outputs from the DO modelling 

for groundwater and for surface water (Section 4.2.2)) which implicitly includes all drought 

factors and capture the non-linarites between available resources and system impacts (i.e. 

LoS). 

 

• All three metrics climatological, hydrological and system stress (rainfall, flow, level, DO and 

number of days at Severe status) have been plotted on severity-duration plots, or also known 

as drought response surfaces as developed by the Environment Agency’s project 

“Understanding the performance of water supply systems during mild to extreme droughts” 

(Environment Agency, December 2015).  

 

• Severity-duration plots are used as a sensitivity framework to test the performance of water 

supply systems as shown in Figure 11 below. Also known as ‘drought response surfaces’, 

these plot rainfall deficits versus duration (dots) on a matrix, which highlight potential demand 

failures (coloured grid). These plots show that it is possible to have large deficits over short 

periods (>50% of LTA rainfall), which generally decline (in % terms) as longer durations are 

considered. Severities of drought will be described in terms of likelihood of occurrence; 

however return periods of drought events will also be estimated, to enable clear links to LoS 

(Section 7.1) and the Drought Plan (Section 7.3). It should be noted that the estimated 

likelihoods/return periods associated with drought events are approximations based on the 

adequacy of the underlying stochastic weather sequences in reflecting the frequency and 

severity of the drought events that could actually be realised – and are related to the system 

stress metric. As a result, these ‘extreme’ droughts are valuable in assessing a system’s 

resilience to droughts more challenging than the historic record but their associated likelihoods 

should be used and quoted with caution. 

 

• Droughts generated are ranked in order of severity to determine the likelihood of droughts 

occurring in any given year and return periods estimated using the outputs from the stochastic 

DO modelling (Section 4.2.2). For WRMP14 return periods were estimated using frequency 

analysis and the historic record however the guidance dictates that WRMP19 requires the 

analysis of risk/return period for droughts generated using artificial methods with 

supplementary WRPG guidance from the EA (November, 2016) stating that ‘an estimate of 

drought severity is required for each reported drought…a return period is preferred where 

possible. However, it may be more appropriate to simply rank the droughts…in order of severity 

if a company is particularly uncomfortable with quoting a return period’. (See WRMP19 

Appendix 4B, Section 6.3.2 ‘Ranking Droughts’ (HR Wallingford, 2017)). 

 

• ‘Event Based Drought Analysis’ has been  used to select ‘plausible’ droughts by creating 

severity-duration plots using climatological, hydrological and system stress metrics, likelihood 

contours and estimated return periods, to check ‘plausibility’ of events. 



 

Appendix 4A Deployable Output Assessment and Bulk Supplies |  August 2019  
 

Confidentiality: not confidential | Author: Katie Woollard & James Wilkinson | Last saved: 13/08/2019 

File name: Appendix 4A WRMP19 DO and bulk supplies 190812 v2.0 Page 50 of 99 
 

 

Figure 11: Severity duration plot or ‘Drought Response Surfaces’ as described within 

Environment Agency, 2015. These charts show: a) How rainfall deficit reduces for a 

given area as duration of drought increases and will enable comparison between Water 

Resource Zones. Where an area shows a larger vertical ‘spread’, then this shows the 

worst drought periods in the record are proportionately more severe than those areas 

with a smaller vertical ‘spread’. b) Charts with different starting months show variation 

between different time periods, and in particular the behaviour of full (calendar) years 

versus hydrological years c) When ‘artificial’ droughts are generated, they can be 

plotted against these charts to demonstrate their plausibility 

In following this approach the EA’s guidance ‘Drought Plan and WRMP links’ (EA November, 2016) is 

satisfied: 

• It is recognised that plausible droughts of a different character to the design event could 

produce quite different impacts. This is why it is important to include representative events 

rather than just using a linear approach that considers successively longer duration events of 

the same level of rainfall deficit or vice versa.) To do this effectively a company should 

demonstrate that it understands the range and probability of droughts that could reasonably 

occur in their supply area over the planning period. 

4.2.4 Base Year Modelling Outputs 

‘Event Based Drought Analysis’ will be used to determine drought ‘event’ estimates of base year DO 

which will provide the supply input component to, and scenarios for, the DMT.   

SEW have  selected a range of ‘plausible’ droughts across a ‘glidepath’ of increasing likelihood of 

occurrence in any given year which align with the severities adopted by the National Project and WRSE 

(Section 2.4) (worst, severe and extreme) for both WRMP19 and the Drought Plan; estimates of return 

periods have  also been derived using the outputs of the stochastic modelling. Then within these drought 

severities the ‘types’ of drought to which SEW is most vulnerable, the droughts that result in ‘tipping 

points’ in supply availability leading to supply system failure, will be selected. SEW propose to identify 

an inventory of drought types, characterised in the type of format used by WaterUK (e.g. 12 month 

hydrological year at 80% long term average rainfall), which are relevant to SEW for the three selected 

drought severities (worst, severe and extreme). 
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For each drought severity, the small inventory of plausible events identified will reflect the different type 

of droughts that could be manifest, with the system’s performance assessed against each to develop a 

detailed understanding of overall system vulnerability and whether failure is gradual or sudden. 

Supply system ‘tipping points’ of failure include: 

• A ‘design drought’ which pushes the supply system to a point where supply can no longer meet 

demand and supply drought measures are required as set out in the company Drought Plan 

(Section 7.3); the guidance suggests a Level of Service Statement to communicate this risk 

to customers (E.g. We expect to limit the average number of demand restrictions to x in the 

next y years or no restrictions unless there have been two dry winters) (Section 8) 

 

• Events of greater magnitude than the WRMP and Drought Plan are designed to address, i.e. 

events which are beyond the capacity of the supply system, even with supply measures 

implemented. This will result in supply system failure and requiring rota cuts (Section 7.1). The 

guidance suggests a Drought Resilience Statement to communicate this risk to customers 

(E.g.: We have planned our system so that it can withstand any drought that is as severe as 

those we have seen over the last n years with suitable allowance for climate change) (Section 

9). 

For the baseline DO assessment these events will include both historic and stochastic events, with the 

latter used to provide the inventories for the higher severities. The drought response surfaces will be 

used to help communicate how these drought events and their impacts compare and used to help guide 

the final choice of design events for both the baseline WRMP DO and Table 10 values to link to the 

Drought Plan which will consider local (WRZ), eastern / western region, or company-wide event impacts 

depending on the severity of the drought event. 

Base year DO assessed under a plausible ‘design drought’ will be selected for the baseline WRMP 

analysis with more extreme ‘plausible’ droughts selected to link to the Drought Plan and to enable 

resilience testing within the DMT to derive a ‘best value’ options portfolio (Section 7.2). Severities of 

drought will be described in terms of likelihood of occurrence however return periods of drought events 

will also be estimated to enable clear links to LoS (Section 7.1) and the Drought Plan (Section 7.3).  

It should be noted that the estimated likelihoods/return periods associated with drought events are 

approximations based on the adequacy of the underlying stochastic weather sequences in reflecting the 

frequency and severity of the drought events that could be realised – and are related to the system 

stress metric. As a result, these ‘extreme’ droughts are valuable in assessing a system’s resilience to 

droughts more challenging than the historic record but their associated likelihoods should be used and 

quoted with caution.  

The outputs generated from base year DYAA and DYCP DO modelling and ‘Event Based Drought 

Analysis’ which will populate WRP Table 1 at the source level, WRP Table 2 and 10 at the WRZ level 

and feed into the DMT as inputs and scenarios are mapped out in Figure 12. 
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Base year DO and Bulk 
Supplies

‘Design Drought’ 
(Worst Historic)

DO and Bulk Supplies
‘Severe Drought’

DO and Bulk Supplies
‘Extreme Drought’

WRP Table Base Year 
2019/20

Source Level 
(WRP Table 1)

WRZ Level 
(WRP Table 2 and 10)

WRP Table Base Year 
2019/20

WRZ Level 
(WRP Table 10)

DMT Scenarios 
‘Resilience Testing’

 

Figure 12: Base Year DO Outputs for DYAA and DYCP: WRP Tables and DMT Inputs 

In following this method the EA’s guidance ‘Drought Plan and WRMP links’ (EA, November 2016) is 

satisfied: 

• ‘The addition of Table 10 as a requirement of WRP supply demand tables helps companies to 

consistently demonstrate how their supply system will response to a range of relevant drought 

scenarios’ 

• ‘The range of situations should be selected to demonstrate how a company’s supply system 

will respond to events that are both more challenging than the existing DO design event and of 

a different character (e.g. different combinations of severity/rainfall deficit and duration) 

• The selection of droughts should be broadly representative of the full range of drought stresses 

that a company plans to be resilient against 

4.3 Calculate Baseline DO Forecast 

To calculate the baseline DO forecast changes to base year DO for every year of the planning horizon 

(Section 1.1.3) due to climate change, sustainability reductions and changes to DO due to Water Quality 

(e.g. nitrates); changes to DO due to climate change are covered here changes due to sustainability 

reductions and changes to DO due to Water Quality (e.g. nitrates) will be provided in additional SEW 

method statements. 

4.3.1 Changes due to Climate Change 

Climate change assessment will consider the potential impacts of climate change using climate or flow 

factors to perturb the input sequences to the model. 

Once time series of base year DO have been generated under artificial droughts set in the context of 

the historic record, this data is then perturbed by factoring monthly rainfall and flows. A climate change 
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time series is developed to enable the potential impacts of climate change on DO at 2080 to be assessed 

(Section 4.2.2; Figure 8) and feed into assessing a future DO forecast. 

The Environment Agency (April 2017) recently published a supplementary guidance note which 

recommends that the climate change assessment should consider the 2080s (rather than the 2030s as 

for WRMP 2014) which is also appropriate for the planning horizon (2080s) being adopted by SEW.  

The results are then scaled back through each year of the planning horizon  

The UKCP09 climate change projections provide low, medium and high emissions scenarios consisting 

of 10,000 members of potential future climates for decadal time-horizons through to the 2080s. For 

WRMP 2014, as per the WRP guidance, the 2030s Medium Emissions scenario was considered from 

which a Latin Hypercube Sampling (LHS) approach was applied to select a representative sample of 

100 scenarios. These were further reduced to 20 scenarios based on drought indicator analysis. These 

scenarios were then used to perturb historical timeseries as input into the hydrological, hydrogeological 

modelling and water resources modelling (Figure 8; Section 4.2.2) to determine the range of potential 

impacts of climate change on DO. 

For WRMP19, a similar approach will be adopted but will consider the 2080s, Medium Emissions 

scenario, with a LHS sampling approach also adopted to generate 100 scenarios by which to perturb 

the of historical time series as input into the hydrological, hydrogeological modelling and water resources 

modelling (Figure 8; Section 4.2.2). As reported above, the logic behind this approach is that natural 

variability in the 2040’s can mask the impacts of climate change and therefore scaling back from the 

2080’s will overcome this difficulty. In addition, the climate change scenarios will be plotted onto the 

drought response surfaces allowing us to better understand the vulnerability of the zones in the context 

of system resilience. 

Sections 4.2.2.3 to 4.2.2.5 describes the climate change modelling work that was carried out with a 

reference to HR Wallingford’s final report who carried out the modelling work to determine the impact of 

climate change on SEW’s DO in the 2080s. 

The scaling equation used to scale back the climate change impacts to every year of the 60 year 

planning horizon 2020 to 2080 is in line with the latest climate change 2017 supplementary guidance: 

The scaling equation used is as per the Environment Agency (April 2017) 

 

 

 

4.3.2 Changes due to Sustainability Reductions 

4.3.2.1 Surface Water 

The Environment Agency (EA) have used their Abstraction Data Query Tool to produce Environmental 

Flow Indicator (EFI) hydrological flow compliance outputs as surplus/deficit Ml/d figures. They have 

modelled those sites listed on South East Water’s (SEW) Water Industry National Environment 

Programme 1 (WINEP1) for:  
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• Fully licenced and recent actual abstraction rates, including all abstractions impacting on the 

waterbody (i.e. both public water supply (PWS) and non-PWS abstractions), and; 

• Under a range of flow bands (Q30, Q50, Q70 and Q95) for surface water bodies concerned.  

Where abstraction is having an impact on the EFI a deficit is shown. 

The method SEW have chosen to determine the impact of our abstractions on each surface water body, 

to derive supply demand balance inputs for SEW’s WRMP19 economics of balancing supply and 

demand (EBSD) modelling, is as follows: 

1. The recent actual public water supply (PWS) and non-PWS abstraction figures from the 

percentage of abstraction at Q95 were summed to derive total recent actual abstraction for the 

water body concerned. 

2. Total ADO of SEW’s source concerned within the water body as a % of total recent actual 

abstraction was calculated [using the assumption that SEW’s WRMP14 Deployable Output 

(DO) reflects recent actual abstraction]. 

3. The % of recent actual abstraction made up of SEW’s abstraction(s) was then applied to the 

recent actual abstraction impact (surplus / deficit) at the worst case deficit flow band to 

determine the impact resulting from SEW abstraction(s). 

4. SEW’s proportional abstraction impact was then subtracted from the total source DO (in Ml/d) 

from the SEW source assumed to impact on the waterbody (i.e. as listed in WINEP1) to derive 

the sustainability reduction required from the new WRMP19 baseline DO. 

The methodology SEW are using to assess sustainability reductions relating to surface water bodies 

reflects the proportional impact that SEW abstractions are having on water framework directive status 

as determined by the EFI under recent actual abstraction. SEW have chosen to model the recent actual 

scenario as the majority of abstractions are shown to impact on the waterbodies under the recent actual 

conditions and that we are not planning to increase output from these sites. The exception to this rule is 

Crowhurst Bridge, whereby growth is planned, however recent actual impact is calculated as greater 

than fully licenced impact, therefore recent actual impact figures have been used in the modelling.   

The figures derived from the EAs Abstraction Data Query Tool provide an indication of the status of a 

waterbody and the calculated figures are not absolute. EFIs are only a guide to measure likely impacts 

of abstraction and where more appropriate data is available, can be overridden. The figures provided 

by the tool are a best estimate, but should be rationalised by outputs from detailed future investigations.  

4.3.2.2 Groundwater 

Where groundwater abstractions are not impacting surface water and therefore not related to EFI, the 

methodology SEW are using to assess sustainability reductions relating to groundwater water bodies 

reflects the proportional impact that SEW abstractions are having on water framework directive status 

under recent actual abstraction.  

Where the groundwater body is at good status and there are no plans for growth to increase abstraction 

these sources have not been included as sustainability reductions and therefore not included in EBSD 

modelling inputs. 

4.3.3 Total Other Changes to DO (e.g. nitrates) 

SEW took the decision not to apply any additional changes to the DO, as it is policy to address any 

deterioration in water quality that is detected either through catchment management, or by increasing 

treatment capability. Longer term changes in DO due to water quality will be picked up as part of the 

reassessment of WRMP14 values. 
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4.3.4 Baseline DO Forecast Climate Change Outputs 

The outputs generated from DYAA and DYCP DO forecast modelling which will populate WRP Table 2 

at the WRZ level and feed into the DMT as inputs and scenarios are mapped out in Figure 13 in addition 

to base year DO outputs. 

 

 

 

 

Base year DO and Bulk 
Supplies

‘Design Drought’ 
(Worst Historic)

DO and Bulk Supplies
‘Severe Drought’

DO and Bulk Supplies
‘Extreme Drought’
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‘Design Drought’ 

 with climate change 
impacts

WRP Table Base Year 
2019/20

Source Level 
(WRP Table 1)

WRZ Level 
(WRP Table 2 and 10)

WRP Table Base Year 
2019/20

WRZ Level 
(WRP Table 10)

DMT Scenarios 
‘Resilience Testing’

WRP Table Every Year of 
Planning Horizon

(WRP Table 2)

DMT
 Supply forecast

Input

 

Figure 13: Base Year DO Outputs for DYAA and DYCP: WRP Tables and DMT Inputs 
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5. Results 

HR Wallingford produced modelled DO values only (see results Section 7 of WRMP19 Appendix 4B 

(HR Wallingford, 2017).  

5.1 Bulk Supplies 

5.1.1 Inter-Company transfers 

Agreed DO values for the inter-company bulk supplies are presented in Table 9. The agreed 1 in 100 

year scenario are being used for planning purposes, with the exception of the River Medway Scheme 

(RMS) supplies (Burham and Bewl Bridge Reservoir), where to ensure agreement in the plans across 

companies, the revised July 2018 1 in 200 year values are used. 
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Table 9 DO of bulk transfers under different drought scenarios and climate change 

WRZ 

Bulk 

Transfer 

(Import 

from/export 

to 

neighbouring 

company) 

Bulk 

Transfer 

(Treated as 

SEW own 

source) 

WRMP14 WRMP19 

1 in 50 1 in 100* 1 in 200* 1 in 500 Three Dry 

Winters** 

5th Percentile 

(Dry) Climate 

Change 

2080*** 

25th 

Percentile 

Climate 

Change 

2080*** 

50th 

Percentile 

(Medium) 

Climate 

Change 

2080*** 

75th 

Percentile 

Climate 

Change 

2080*** 

95th 

Percentile 

(Wet) Climate 

Change 

2080*** 

ADO PDO ADO PDO ADO PDO ADO PDO ADO PDO ADO PDO ADO PDO ADO PDO ADO PDO ADO PDO 

1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

2 Weir Wood 

Reservoir 

N/A 5.40 5.40 5.40 5.40 5.40 5.40 4.27 4.27 5 5 0.00 5.40 0.00 5.40 5.40 5.40 5.40 5.40 5.40 5.40 

Outwood to 

Whitely Hill  

N/A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 Darwell N/A 8 8 8 8 8 8 4 4 6 6 8 8 8 8 8 8 8 8 8 8 

4 Egham N/A 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 

5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

6 RMS Burham 8.18 9.00 5.79 5.68 5.79 5.68 3.91 3.19 4.46 3.85 5.00 4.50 5.00 4.50 5.00 4.50 5.00 4.50 5.00 4.50 

Matts Hill 

(Belmont) 

  6.85 7.39 6.85 7.39 6.85 7.39 5.14 5.54 6.00 6.47 6.8 7.39 6.8 7.39 6.8 7.39 6.8 7.39 6.8 7.39 

Pitfield 

Booster 

  0.1 0.5 0.1 0.5 0.1 0.5 0.1 0.5 0.1 0.5 0.1 0.5 0.1 0.5 0.1 0.5 0.1 0.5 0.1 0.5 
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RZ8 to RZ6 

Transfer 

  10.5 8 10.5 8 10.5 8 10.5 8 10.5 8 10.5 8 10.5 8 10.5 8 10.5 8 10.5 8 

7 RMS Bewl Bridge 

Reservoir 

7.92 12 6.51 13.12 6.51 13.12 5.41 8.51 6.17 10.27 6.92 12.02 6.92 12.02 6.92 12.02 6.92 12.02 6.92 12.02 

8 To Folkestone 

& 

Dover/Affinity 

  -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 

N/A Bottom Pond 

Stockbury 

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

RZ8 to RZ6 

Transfer 

  -10.5 -8 -10.5 -8 -10.5 -8 -10.5 -8 -10.5 -8 -10.5 -8 -10.5 -8 -10.5 -8 -10.5 -8 -10.5 -8 
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5.1.2 Intra- Company Transfers 

Intra-Company transfer results are presented in South East Water’s WRMP19 final planning tables. 

5.2 Baseline DO Base Year 

Note that for both the WRMP14 and WRMP19 results: 

• Updated July 2018: The DOs in WRZ2 and WRZ3 are unrestricted, this follows reconsideration 

of the DO benefits previously assessed for demand restrictions on surface water sources (this 

does not affect groundwater in these zones).  

• The RZ6 to RZ8 transfer is included. 
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Table 10 Benefits of demand restrictions on surface water DO under the different drought scenarios 

Resource 

Zone 

  WRMP14 1 in 50* 

1 in 100 (Worst 

Historic; Curve 

Transgressions) 

1 in 100 (Worst 

Historic; 

Emergency 

Storage)** 

1 in 100 

(Stochastic; 

Emergency 

Storage)** 

1 in 200  

(Stochastic; 

Emergency 

Storage)** 

1 in 500  

(Stochastic; 

Emergency 

Storage) 

Three Dry 

Winters;  

(Synthetic; 

Emergency 

Storage)** 

  ADO PDO ADO PDO ADO PDO ADO PDO ADO PDO ADO PDO ADO PDO ADO PDO 

RZ2 Ardingly 

(Unrestricted) 

38.10 59 37 57.30 37 57.30 38.00 58.85 38.5 59.62 32 49.55 26.5 41.04 33 51.10 

Change Factor 1.00       0.97   1.00   1.01   0.84   0.70   0.87   

Main Constraint Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

DO benefit 

restrictions 

N/A N/A 0 0 0 0 1 1.55 0.5 0.77 1 1.55 0.5 0.77 0.5 0.77 

Ardingly 

(Restricted) 

38.10 59 37 57.30 37 57.30 39 60.39 39 60.39 33 51.1 27 41.81 33.5 51.88 

RZ3 Arlington 

(Unrestricted) 

14.00 17.44 14.00 17.44 14.00 17.44 15.00 18.50 15.00 18.50 14.00 18.06 11.50 14.33 15.50 18.50 

Change Factor         1.00   1.07   1.07   1.00   0.82   1.11   

Main Constraint Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

PR19 

Transfer 

Main 

Hydrolo

gical 

PR19 

Transfer 

Main 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

Hydrolo

gical 

PR19 

Transfer 

Main 

DO benefit 

restrictions 

N/A N/A 0.00 0 0.00 0 3.00 0.00 2.00 0.00 1.50 0.44 1.50 1.87 1.50 0.00 

Arlington 

(Restricted) 

14.00 17.44 14.00 17.44 14.00 17.44 18.00 18.50 17.00 18.50 16.00 18.50 13.00 16.19 17.00 18.50 
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Table 11 Benefits of demand restrictions on surface water DO under the different climate change scenarios 

Resource 

Zone 

  
Climate Change (2080s) 

5th Percentile 

Climate Change (2080s) 

25th Percentile 

Climate Change (2080s) 

50th Percentile 

Climate Change (2080s) 

75th Percentile 

Climate Change (2080s) 95th 

Percentile 

  ADO PDO ADO PDO ADO PDO ADO PDO ADO PDO 

RZ2 Ardingly 

(Unrestricted) 

17.87 27.67 24 37.17 29 44.91 34 52.65 39 60.39 

Change 

Factor 

0.47   0.63   0.76 

 

0.89 

 

1.02  

 

Main 

Constraint 

Hydrological Hydrological Hydrological Hydrological Hydrological Hydrological Hydrological Hydrological Hydrological Hydrological 

DO benefit 

restrictions 

0.00 0 0.00 0 0.00 0.00 0 0.00 0 0.00 

Ardingly 

(Restricted) 

17.87 27.67 24 37.17 29 44.91 34 52.65 39 60.39 

RZ3 Arlington 

(Unrestricted) 

10 12.46 12 14.95 13 16.19 14 17.44 15.5 18.5 

Change 

Factor 

0.71   0.86   0.93 

 

1 

 

1.11  

 

Main 

Constraint 

Hydrological Hydrological Hydrological Hydrological Hydrological Hydrological Hydrological Hydrological Hydrological PR19 Transfer 

Main 

DO benefit 

restrictions 

N/A N/A 0.00 0 0.00 0 0 0.00 0 0.00 

Arlington 

(Restricted) 

10 12.46 12 14.95 13 16.19 14 17.44 15.5 18.5 
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5.2.1 1 in 50 DOs - WRMP14 Reassessment  

The results of the reassessment of the 1 in 50 DOs are presented in the tables below, grouped at a resource zone level, and at individual sources. 

5.2.1.1 Water Resource Zone Level 

Table 12 WRMP14 and WRMP19 DOs under a 1 in 50 year return period drought with and without bulk supplies at a water 

resource zone level 

WRZ 

WRMP14 1 in 50 

ADO Ml/d  

Modelled and 

Unmodelled 

sources 

including bulk 

supplies   

WRMP14 1 in 50 

ADO Ml/d  

Modelled and 

Unmodelled 

sources 

excluding bulk 

supplies   

WRMP14 1 in 50 

PDO Ml/d  

Modelled and 

Unmodelled 

sources 

including bulk 

supplies   

WRMP14 1 in 50 

PDO Ml/d  

Modelled and 

Unmodelled 

sources 

excluding bulk 

supplies   

WRMP19 1 in 50 

ADO Ml/d  

Modelled and 

Unmodelled 

sources 

including bulk 

supplies   

WRMP19 1 in 50 

ADO Ml/d  

Modelled and 

Unmodelled 

sources 

excluding bulk 

supplies   

WRMP19 1 in 50 

PDO Ml/d  

Modelled and 

Unmodelled 

sources 

including bulk 

supplies   

WRMP19 1 in 50 

PDO Ml/d  

Modelled and 

Unmodelled 

sources 

excluding bulk 

supplies   

1 42.50 42.50 49.82 49.82 45.45 45.45 50.40 50.40 

2 78.03 72.63 103.91 98.51 79.53 74.13 104.65 99.25 

3 75.13 67.13 87.80 79.80 75.68 67.68 88.90 80.90 

4 229.43 193.43 241.10 205.10 229.76 193.76 266.02 230.02 

5 56.44 56.44 68.39 68.39 57.49 57.49 68.12 68.12 

6 78.25 60.80 90.87 74.98 77.16 59.71 83.67 67.78 

7 16.32 16.32 22.30 22.30 16.32 16.32 22.22 22.22 

8 100.86 113.36 118.27 128.27 99.00 111.50 117.65 127.65 

Total 676.96 622.61 782.46 727.17 680.39 626.04 801.63 746.34 
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5.2.1.2 Source Level 

The tables below present the changes in reported DO for the 1 in 50 year planning scenario during the reassessment of WRMP14 values. The reason for 

the change from the previous plan is also given, for comparison purposes. 

WRZ1 

Table 13 Change in DO from WRMP14 to WRMP19 for the 1 in 50 year return period for WRZ1 sources 

Site  
ADO 

Change 

Ml/d 
Reason for ADO Change 

PDO 

Change 
Ml/d 

Reason for PDO Change 

Pembury (Ashdown+Springs) & 

Lilly Farm & Hartlake (Group) 
+3.14 AMP5 SOSI inclusion of BH11, BH10 & Lilley Farm +0.87 AMP5 SOSI increase 

Pembury Ashdown Bhs In 

Aggregate 
+0.83 AMP5 SOSI -0.43 AMP5 SOSI reduction; Pump capacity main constraint for 

WRMP14 no longer applies for WRMP19 as DO lowered 

Lilley Farm Borehole No.1 +1.17 AMP5 SOSI new borehole for WRMP19 +1.33 AMP5 SOSI new borehole 

Pembury Tunbridge Wells 

Springs 
0 No change 0 No change 

Pembury Springs 0 No change 0 No change 

PEMBURY (HARTLAKE 

WELLS) SITE 
+1.14 AMP5 SOSI -0.03 AMP5 SOSI reduction 

SAINTS HILL SITE 0 No change 0 No change 

Tonbridge (Combined) 

(excluding compensation flow) 
0 No change 0 No change 

Tonbridge Ashdown Beds -0.3 Group treatment works constraint is 4.9Ml/d. Re-

apportioned DO prioritising Gravels over Ashdown Beds 

within group treatment works constraint. 

-0.3 Group treatment works constraint is 4.9Ml/d. Re-

apportioned DO prioritising Gravels over Ashdown Beds 

within group treatment works constraint. 
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Tonbridge Gravels +0.3 Group treatment works constraint is 4.9Ml/d. Re-

apportioned DO prioritising Gravels over Ashdown Beds 

within group treatment works constraint; Gravels used up 

to licence. 

+0.3 Group treatment works constraint is 4.9Ml/d. Re-

apportioned DO prioritising Gravels over Ashdown Beds 

within group treatment works constraint; Gravels used up 

to licence. 

CRAMPTONS ROAD SITE 0 No change 0 No change 

KEMSING WTW SITE -0.2 Constrained by average licence of 4.00 Ml/d -0.3 Turbidity constraint set at 4.2 Ml/d. 

OAK LANE SITE +0.01 Rounding error +0.01 Rounding error 

Total Change +2.95   +0.58   
 

WRZ2 

Table 14 Change in DO from WRMP14 to WRMP19 for the 1 in 50 year return period for WRZ2 sources 

Site  
ADO 

Change 
Ml/d 

Reason for ADO Change 
PDO 

Change 
Ml/d 

Reason for PDO Change 

COCKHAISE SITE -0.02 Re-assessment of hydrological constraint. 0 No change  

FOREST ROW SITE +1.28 AMP6 SOSI  +2.4 AMP6 SOSI  

Coggins Mill & Sharnden +1.4 AMP6 SOSI; inclusion of additional borehole planned as 

part of AMP6 SOSI 
+1.6 AMP6 SOSI; inclusion of additional borehole planned as 

part of AMP6 SOSI 

Groombridge (Including Eridge) 0 No change -0.4 Reduction due to group level transfer main constraint of 

6.5 Ml/d. 

GROOMBRIDGE SITE 0 No change -0.4 0.4Ml/d reduction from Groombridge 'Apportioned PR19 

Transfer Main' from group level - all applied to 

Groombridge and not to Eridge due to AMP5 SOSI 

commitment at Eridge 



 

Appendix 4A Deployable Output Assessment and Bulk Supplies |  August 2019  
 

Confidentiality: not confidential | Author: Katie Woollard & James Wilkinson | Last saved: 13/08/2019 

File name: Appendix 4A WRMP19 DO and bulk supplies 190812 v2.0 Page 65 of 99 
 

Eridge (Groombridge) Borehole 0 No change 0 No change 

Underhill Chalk (Group) 0 No change 0 No change 

CLAYTON SITE 0 No change 0 No change 

Coombe No. 1 Borehole 0 No change 0 No change 

OFFHAM SITE 0 No change 0 No change 

SADDLESCOMBE SITE 0 No change 0 No change 

Whitelands No.1  

(Coombe/Whitelands) Borehole 
0 No change 0 No change 

Seaford Chalk (Group) 0 No change 0 No change 

COW WISH SITE 0 No change 0 No change 

POVERTY BOTTOM SITE 0 No change 0 No change 

RATHFINNY SITE 0 No change 0 No change 

HEMPSTEAD SITE -1.16 No longer in use. Assumed no output within AMP6 -1.16 No longer in use. Assumed no output within AMP6 

Total Change +1.5   +2.44   
 

WRZ3 

Table 15 Change in DO from WRMP14 to WRMP19 for the 1 in 50 year return period for WRZ3 sources 

Site  
ADO 

Change 
Ml/d 

Reason for ADO Change 
PDO 

Change 
Ml/d 

Reason for PDO Change 
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Eastbourne Chalk (Group) -0.82 Reduction due to reduction in apportioned licence -0.17 Reduction due to WRMP19 WTW constraint 

Waterworks Road 0 No change 0 No change 

Filching N/A Not in use N/A Not in use 

Friston and Deep Dean -0.12 Reduction due to change in apportionment of licence 0 No change 

Holywell 0 No change -0.17 New WRMP19 water treatment works capacity 

Cornish -0.7 Reduction due to change in apportionment of licence 0 No change 

Birling Farm 0 No change 0 No change 

Hazards Green 0 No change +0.3 Incorrect DO main constraint (licence) stated for 

WRMP14; WRMP14 DO could have gone up to 1.64 

constrained hydrologically as for WRMP19. 

Powdermill  0 No change 0 No change 

Sweet Willow Wood 0 No change -0.9 New WRMP19 water treatment works capacity. 

Crowhurst Bridge +1.37 AMP5 SoSI Delivery +1.87 AMP5 SoSI Delivery 

Cowbeech  N/A AMP6 SOSI not going ahead N/A AMP6 SOSI not going ahead 

Total Change +0.55   +1.10   
 

WRZ4 

Table 16 Change in DO from WRMP14 to WRMP19 for the 1 in 50 year return period for WRZ4 sources 

Site  
ADO 

Change 
Ml/d 

Reason for ADO Change 
PDO 

Change 
Ml/d 

Reason for PDO Change 
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Bray Gravels 0 No change +5.9 AMP6 SOSI Delivery scheme 

Lasham 0 No change 0 No change 

West Ham & Cliddesden 0 No change 0 No change 

West Ham  0 No change 0 No change 

West Ham Park 0 No change 0 No change 

Cliddesden  N/A Not in use N/A Not in use 

Woodgarston 0 No change 0 No change 

Beenhams Heath, Hurley & 

White Waltham (Group) 
0 No change -5.66 New water quality constraint for WRMP19 due to turbidity 

Beenhams Heath (Hurley) 0 No change -6 New water quality constraint for WRMP19 due to turbidity 

Beenhams Heath (including 

White Waltham) 
0 No change +0.34 The daily peak licence was incorrect for WRMP14 and a 

higher output achievable plus reassessed hydrological 

constraint enables a higher DO. 

College Avenue -0.03 Rounding error when assessing water level constraint -0.03 Rounding error when assessing water level constraint 

Cookham 0 No change 0 No change 

Boxalls Lane and Tongham 

(Group) 
+0.34 AMP6 SoSI Delivery scheme +1.71 AMP6 SoSI Delivery scheme 

Boxalls Lane Tongham 0 No change -0.38 Change in way main capacity apportioned across the 

group 

Boxalls Lane Greensand +0.34 AMP6 SoSI Delivery scheme +2.46 AMP6 SoSI Delivery scheme 

Boxalls Lane Chalk 0 No change -0.38 Change in way main capacity apportioned across the 

group 
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Greywell +0.02 Rounding error 0 No change 

Itchel 0 No change 0 No change 

Total Change +0.33   +1.92   
 

WRZ5 

Table 17 Change in DO from WRMP14 to WRMP19 for the 1 in 50 year return period for WRZ5 sources 

Site  
ADO 

Change 
Ml/d 

Reason for ADO Change 
PDO 

Change 
Ml/d 

Reason for PDO Change 

East Meon 0 No Change 0 No Change 

Oakhanger (including Oaklands 

& Southlands) 
+0.93 WRMP14 licence was higher but full amount not taken 

despite no other main constraint. 
0 No Change 

Sheet &  Oakshott 0 No Change 0 No Change 

Victoria & Bourne +0.31 Water level constraint resulted in higher DO WRMP19 

compared to WRMP14 
+0.31 Water level constraint resulted in higher DO WRMP19 

compared to WRMP14 

Tilford Meads +0.06 New WTW capacity for WRMP19 resulting in source now 

being constrained by licence 
+0.06 New WTW capacity for WRMP19 resulting in source now 

being constrained by licence 

Tilford Wellesley Road and 

Rushmoor (Grouped) 
0 AMP6 SoSI Delivery scheme -0.14 AMP6 SoSI Delivery scheme 

Hindhead London Road & Tower 

Road 
-0.25 Removal of London Road from Hindhead. -0.25 Removal of London Road from Hindhead. 

Windmill Hill 0 No Change -0.25 New WTW capacity for WRMP19 resulting in source now 

being constrained by WTW capacity 
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Britty Hill 0 No Change 0 No Change 

Greatham 0 No Change 0 No Change 

Headley Park 0 No Change 0 No Change 

Hawkley 0 No Change 0 No Change 

Total Change +1.05   -0.27   
 

WRZ6 

Table 18 Change in DO from WRMP14 to WRMP19 for the 1 in 50 year return period for WRZ6 sources 

Site  
ADO 

Change 
Ml/d 

Reason for ADO Change 
PDO 

Change 
Ml/d 

Reason for PDO Change 

Hartley / Ridley Chalk 

(combined) 
0 No change 0 No change 

Hartley Chalk 0 No change 0 No change 

Ridley 0 No change 0 No change 

Hartley Greensand 0 No change 0 No change 

Trosley / Borough Green (incl 

Nepicar Ln, Ryash and 

Paddleworh - total combined) 

0 No change -2.54 Reassessed water level constraints resulting in a lower 

DO 

Borough Green 0 No change 0  No change 

Nepicar Lane 0 No change -0.48 Reassessed water level constraints resulting in a lower 

DO 
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Trosley 0 No change -1.49 Reassessed water level constraints resulting in a lower 

DO 

Ryarsh and Paddlesworth 0 No change -0.57 Reassessed water level constraints resulting in a lower 

DO 

Halling Chalk and Greensand 

(combined) 
0 No change 0 No change 

Halling Chalk 0 No change 0 No change 

Halling Greensand 0 No change 0 No change 

Forstal / Boxley / Boarley / 

Cossington  LGS + Chalk total 

combined  

-1.41 Daily group licence apportioned across Forstal, 

Cossington Greensand, Boxley Greensand and Boarley. 
-3.37 New group level treatment and mains capacity 

apportioned across all sources in group. 

Forstal -0.6 As above as per group -0.77 As above as per group 

Cossington Greensand -0.31 As above as per group -0.77 As above as per group 

Boxley Greensand and Boarley -0.49 As above as per group -0.77 As above as per group 

Cossington Springs 0 No change 0 No change 

Boxley Well  0 No change -1.06 As above as per group 

Thurnham Sourceworks + 

Hockers Lane (Harple Lane) 
+0.32 Group level transfer main constraint apportioned across 

the group 
-1.29 New transfer main constraint for WRMP19 

Hockers Lane (Thurnham) +0.39 As above as per group -1 New transfer main constraint for WRMP19 

Hockers Lane (Harple Lane) -0.07 As above as per group 0.01 Rounding error 

Total Change -1.09   -7.20   
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WRZ7 

Table 19 Change in DO from WRMP14 to WRMP19 for the 1 in 50 year return period for WRZ7 sources 

Site  
ADO  
Change 
Ml/d 

Reason for ADO Change 
PDO 

Change 
Ml/d 

Reason for PDO Change 

Goudhurst 0 No change 0 No change 

Lamberhurst 0 No change 0 No change 

Bewl 0 No change 0 No change 

Total Change 0   0   
 

WRZ8 

Table 20 Change in DO from WRMP14 to WRMP19 for the 1 in 50 year return period for WRZ8 sources 

Site  
ADO  
Change 
Ml/d 

Reason for ADO Change 
PDO 

Change 
Ml/d 

Reason for PDO Change 

Chilham 0 No change 0   

Godmersham 0 No change 0   

Charing -0.03 Rounding error -0.02 Rounding error 

Westwell and Henwood 

(grouped) 
0 No change -0.52 Group level transfer main constraint apportioned across 

the group 

Westwell 0 No change -0.39 As above as per group 
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Henwood 0 No change -0.13 As above as per group 

Kingston 0 No change 0 No change 

Howfield / Thanington (Total 

Combined) 
0 No change 0 No change 

Thannington 0 No change 0 No change 

Howfield 0 No change 0 No change 

Hoplands Farm 0 No change -0.26 New water quality – turbidity constraint for WRMP19 

Ford  0 No change -1.5 New water quality – salinity constraint for WRMP19 

Wichling / WCS / Newnham 

(Total combined) 
-2.43 Group licence reduction since WRMP14 0 No change 

Wichling 0 No change 0 No change 

Wineycockshaw -1.39 New licence apportionment for WRMP14 0 No change 

Newnham -1.04 New licence apportionment for WRMP14 0 No change 

Ospringe/Boughton 0 No change -0.02 Rounding error 

Ospringe  -0.03 Rounding error 0 No change 

Boughton +0.03 Rounding error -0.02 Rounding error 

Stockbury +0.6 WQ scheme to install microfiltration plant to be completed 

2016 which will remove water quality turbidity constraint 
+1.7 WQ scheme to install microfiltration plant to be completed 

2016 which will remove water quality turbidity constraint 

Copton N/A Site not in use N/A Site not in use 

Total Change -1.86   -0.62   
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5.2.2 1 in 100 DO - WRMP19 Baseline 

Table 21 shows the reconciliation of the modelled DO outputs within HR Wallingford (2017) with the final 

WRMP19 baseline DOs in the planning tables, which included both modelled and fixed value DOs both 

assessed under a worst historic 1 in 100 design drought.  

Note that for the 1 in 100 design drought surface water with associated storage (i.e. reservoirs) in WRZ2 

and WRZ3 is constrained by the number of drought curve transgressions in line with SEW’s LoS 

(moderate drought curve (TUBS and NEU bans in SEW’s Drought plan 1 in 40 LoS) on groundwater 

and surface water drought trigger sites cannot be transgressed simultaneously more than twice in a 100 

year historic record; severe drought curve (Drought Permits and orders in SEW’s Drought Plan 1 in 50 

LoS) on groundwater and surface water drought trigger sites cannot be transgressed simultaneously 

more than once in 1 in 100 year historic record. 

Table 21 ADO and PDO WRZ level results for modelled and unmodelled surface water 

and groundwater sources including and excluding bulk supplies (figures included in 

WRMP19 final planning tables) compared to ADO WRZ level results for modelled 

sources only. The final planning table DOs have fixed values added and include 

changes made during SEW’s QA following the completion of HR Wallingford’s work. 

WRZ 

ADO 

Worst 

Historical 

Drought 

(Ml/d) 

Modelled 

sources 

only 

(excluding 

fixed 

values, 

final SEW 

changes 

and bulk 

supplies) 

ADO Changes (inclusion of 

fixed values, final SEW 

changes and bulk supplies) 

made by South East Water 

(GW = groundwater, SW = 

surface water, BS = bulk 

supply) 

ADO Worst 

Historical 

Drought 

(Ml/d) 

Modelled 

and 

Unmodelled 

(including 

bulk 

supplies) 

 

ADO Worst 

Historical 

Drought 

(Ml/d) 

Modelled 

and 

Unmodelled 

(excluding 

bulk 

supplies) 

PDO Worst 

Historical 

Drought 

(Ml/d) 

Modelled 

and 

Unmodelled 

(including 

bulk 

supplies) 

PDO Worst 

Historical 

Drought 

(Ml/d) 

Modelled 

and 

Unmodelled 

(excluding 

bulk 

supplies) 

1 36.78 Pembury Springs (GW) +0.20 

Hartlake Wells (GW) +4.47 

Tonbridge Gravels (GW) +3.9 

(Note: Tonbridge gravels DO 

4 however 0.1 subtracted 

due to group licence 

constraint) 

45.35 45.35 50.40 50.40 

2 71.36 Weirwood (BS) +5.4 

Outwood to Whitely Hill (BS) 

+0 

76.76 71.36 104.55 99.15 

3 60.38 Crowhurst Bridge (SW) +2 

Wallers Haven (SW) +6.8 

Darwell (SW) +8 

75.68 67.68 88.90 80.90 
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Cow Beech (GW) -1.5 (SOSI 

scheme no longer going 

ahead) 

4 137.09 Bray River Thames / Keleher 

+45 

Egham (BS) +36 

218.09 182.09 259.10 223.10 

5 53.97 No change 53.97 53.97 62.00 62.00 

6 50.87 Cossington Springs (GW) 

+1.04 

Forstal / Boxley / Boarley / 

Cossington  LGS + Chalk 

(GW) -0.31 (corrected error 

to group aggregation rule) 

Burham (SW) +5.79 

Matts Hill (Belmont) (BS) 

+6.80 

Pitfield Booster (BS) +0.1 

RZ6-8 transfer into RZ6 

included +10.5 

74.79 57.39 80.35 64.46 

7 7.45 Bewl (SW) +6.51 13.96 13.96 23.07 23.07 

8 111.37 Ford (GW) -0.5 (new WQ 

constraint) 

RZ6-8 transfer into RZ6 

included  -10.5 

100.37 110.87 119.22 127.22 

Total 529.27  656.97 602.67 785.59 730.3 

 

Note that PDO values for groundwater were assessed as part of HR Wallingford’s modelling however 

for surface water with associated storage (i.e. reservoirs) in WRZ2 and WRZ3 the PDO values modelled 

by HR Wallingford were scaled from the ADO values by SEW as shown in Table 10 and Table 11. 

Also for reference, the worst historic 1 in 100 DO where surface water with associated storage (i.e. 

reservoirs) in WRZ2 and WRZ3 DO is not constrained by drought curve transgressions but instead 

drawn down to emergency storage (the approach used for stochastic and synthetic droughts (Section 

6.2.3)) is shown in Table 22 below, both with and without bulk supplies. 

Table 22 Worst historic 1 in 100 DO with surface water constrained by emergency 

storage 

Resource 

Zone 

ADO Worst Historical 

Drought (Ml/d) 

Modelled and 

Unmodelled 

(including bulk 

supplies) 

ADO Worst Historical 

Drought (Ml/d) 

Modelled and 

Unmodelled 

(excluding bulk 

supplies) 

PDO Worst Historical 

Drought (Ml/d) 

Modelled and 

Unmodelled 

(including bulk 

supplies) 

PDO Worst Historical 

Drought (Ml/d) 

Modelled and 

Unmodelled 

(excluding bulk 

supplies) 
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1 45.35 45.35 50.40 50.40 

2 77.76 72.36 106.1 100.7 

3 76.68 68.68 89.96 81.96 

4 218.09 182.09 259.10 223.10 

5 53.97 53.97 62.00 62.00 

6 77.23 59.78 79.17 63.28 

7 14.37 14.37 23.07 23.07 

8 98.37 110.87 117.22 127.22 

Total 659.38 605.08 788.2 732.91 

5.2.3 Drought Resilience 

Table 23 and Table 24 show the DO as assessed under stochastic (1 in 100, 1 in 200 and 1 in 500 

return period) and synthetic (three-dry winter 1 in 200 to 1 in 500 return period) droughts. Under these 

scenarios surface water with associated storage (i.e. reservoirs) in WRZ2 and WRZ3 DO is not 

constrained by drought curve transgressions but instead drawn down to emergency storage.  



 

Appendix 4A Deployable Output Assessment and Bulk Supplies |  August 2019  
 

Confidentiality: not confidential | Author: Katie Woollard & James Wilkinson | Last saved: 13/08/2019 

File name: Appendix 4A WRMP19 DO and bulk supplies 190812 v2.0 Page 76 of 99 
 

Table 23 Drought resilience results: ADO WRZ level results for each drought severity and the third dry winter scenario. 

WRZ 

Design 

Drought, Ml/d  

Modelled and 

Unmodelled 

sources 

including bulk 

supplies   

Design 

Drought, Ml/d  

Modelled and 

Unmodelled 

sources 

excluding bulk 

supplies   

Severe drought 

Ml/d  

Modelled and 

Unmodelled 

sources 

including bulk 

supplies   

Severe drought 

Ml/d  

Modelled and 

Unmodelled 

sources 

excluding bulk 

supplies   

Extreme 

drought  

Ml/d  

Modelled and 

Unmodelled 

sources 

including bulk 

supplies   

Extreme 

drought  

Ml/d  

Modelled and 

Unmodelled 

sources 

excluding bulk 

supplies   

Third dry winter 

Ml/d  

Modelled and 

Unmodelled 

sources 

including bulk 

supplies   

Third dry winter 

Ml/d  

Modelled and 

Unmodelled 

sources 

excluding bulk 

supplies   

1 45.35 45.35 45.16 45.16 43.24 43.24 42.38 42.38 

2 76.76 71.36 73.39 67.99 66.71 62.44 72.05 67.21 

3 75.68 67.68 75.68 67.68 68.95 64.95 74.9 68.9 

4 218.16 182.16 216.19 180.91 215.91 179.91 217.52 181.52 

5 53.97 53.97 53.92 53.92 53.91 53.91 53.97 53.97 

6 74.79 57.39 73.5 56.1 69.65 53.91 71.00 54.41 

7 13.96 13.96 13.91 13.91 12.76 12.76 13.62 13.62 

8 98.87 111.37 98.32 110.82 98.27 110.77 98.27 110.77 

Total 656.97 602.67 650.79 597.99 629.4 583.39 643.7 594.77 

 

Table 24 Drought resilience results: PDO WRZ level results for each drought severity and the third dry winter scenario. 

WRZ 
Design 

Drought, Ml/d  

Design 

Drought, Ml/d  

Severe drought 

Ml/d  

Severe drought 

Ml/d  

Extreme 

drought  

Extreme 

drought  

Third dry winter 

Ml/d  

Third dry winter 

Ml/d  
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Modelled and 

Unmodelled 

sources 

including bulk 

supplies   

Modelled and 

Unmodelled 

sources 

excluding bulk 

supplies   

Modelled and 

Unmodelled 

sources 

including bulk 

supplies   

Modelled and 

Unmodelled 

sources 

excluding bulk 

supplies   

Ml/d  

Modelled and 

Unmodelled 

sources 

including bulk 

supplies   

Ml/d  

Modelled and 

Unmodelled 

sources 

excluding bulk 

supplies   

Modelled and 

Unmodelled 

sources 

including bulk 

supplies   

Modelled and 

Unmodelled 

sources 

excluding bulk 

supplies   

1 50.40 50.40 50.11 50.11 48.75 48.75 47.34 47.34 

2 104.55 99.15 96.81 91.41 87.12 82.85 97.79 92.95 

3 88.9 80.9 88.9 80.9 81.19 77.19 87.21 81.21 

4 258.45 223.10 257.60 221.60 257.35 221.35 258.48 222.48 

5 61.90 61.90 61.90 61.90 61.85 61.85 62.00 62.00 

6 80.35 64.46 80.35 64.46 75.91 61.87 77.44 62.47 

7 23.07 23.07 23.27 23.27 18.56 18.56 20.02 20.02 

8 117.22 127.22 116.97 126.97 116.87 126.87 117.07 127.07 

Total 785.59 730.3 775.91 720.62 747.59 699.28 767.34 715.54 
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5.3 Baseline DO Forecast 

5.3.1 Changes due to climate change 

Table 25 shows the values of climate change for modelled ADOs only (HR Wallingford, 2017): 

Table 25 Climate change values for modelled ADO 

WRZ 
5th percentile 

Ml/d (%) 

50th percentile 

Ml/d (%) 

95th percentile 

Ml/d (%) 

1 35.82 (-0.28) 35.92 (0) 36.78 (2.39) 

2 39.21 (-45.05) 63.35 (-11.22) 73.45 (2.93) 

3 56.15 (-7.01) 59.38 (-1.66) 61.88 (2.48) 

4 134.45 (-1.93) 137.30 (0.15) 148.65 (8.43) 

5 53.81 (-0.3) 54.07 (0.19) 57.49 (6.52) 

6* 50.77 (-0.2) 50.97 (0.2) 50.97 (0.2) 

7 7.25 (-2.68) 7.45 (0) 8.4 (12.75) 

8 111.22 (-0.13) 111.40 (0.03) 112.00 (0.57) 

 

SEW added fixed DOs to these modelled results and due to high sensitivity of Ardingly reservoir / WRZ2 

to climate change a glidepath of impact for the first 5 years has been adopted. 

• Smoothed WRZ2 climate change- extreme step down in first year of plan due to scaling 

approach guidance enables this smoothing to be carried out 

• To adjust the WRZ2 climate change DO impact: 

– The 5th percentile dry climate change scenario in WRZ2 is taken forward for groundwater 

– Surface water 5th percentile not used and instead an adjustment made (percentile used 

increased) to line up with the trend of the 11th to 95th percentile of WRZ2 surface water 

yield  

– The 5th percentile climate change scenario in WRZ2 has now been amended by bringing 

the surface water DO into line with the trend from the 11th to 95th percentiles as per the 

graphs below which show the working used to adjust the Barcombe DO from 5Ml/d to 

17.86 Ml/d: 

SEW added in fixed values and smoothed WRZ2 as described above. The final ADO and PDO changes 

due to climate change are shown in Table 26 and Table 27 below: 

Table 26 Final climate change values for ADO 

WRZ 
5th percentile 

Ml/d (%) 

50th percentile 

Ml/d (%) 

95th percentile 

Ml/d (%) 

1 43.24 (-4.65) 45.16 (-0.42) 45.45 (0.22) 
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2 57.08 (-30.19) 73.75 (-9.80) 83.85 (2.56) 

3 71.45 (-5.59) 74.68 (-1.32) 77.18 (1.98) 

4 215.45 (-1.45) 218.30 (0.10) 229.65 (5.30) 

5 53.81 (-0.30) 54.07 (0.19) 57.49 (6.52) 

6* 61.95 (-2.51) 62.41 (-1.79) 63.02 (-0.83) 

7 14.17 (-1.39) 14.37 (0.00) 15.32 (6.61) 

8 98.22 (-0.15) 98.40 (0.03) 99.00 (0.64) 

 

Table 27 Final climate change values for PDO 

WRZ 
5th percentile 

Ml/d (%) 

50th percentile 

Ml/d (%) 

95th percentile 

Ml/d (%) 

1 48.24 (-4.29) 50.11 (-0.58) 50.40 (0.00) 

2 79.92 (-25.34) 97.16 (-9.24) 112.69 (5.28) 

3 83.32 (-6.28) 87.05 (-2.08) 89.96 (1.19) 

4 257.25  (-0.71) 259.35 (0.10) 265.97 (2.65) 

5 61.67 (-0.53) 62.05 (0.08) 68.12 (9.87) 

6* 71.07 (-0.14) 71.17 (0.00) 71.17 (0.00) 

7 21.52 (-2.05) 21.72 (-1.14) 21.82 (-0.68) 

8 116.82 (-0.34) 117.52 (0.26) 117.65 (0.37) 

 

5.3.2 Changes due to Sustainability Reductions 

Table 28 Future reductions in DO due to sustainability requirements as applied to our 

final supply forecast model 

WRZ DO Loss at 2025 DO Loss at 2035 Total DO Loss 

RZ1 (Tunbridge Wells) 0.00 0.00 0.00 

RZ2 (Haywards Heath) 0.00 -0.30 -0.30 

RZ3 (Eastbourne) 0.00 -5.61 -5.61 

RZ4 (Bracknell) -13.82 -4.83 -18.65 

RZ5 (Farnham) 0.00 -2.07 -2.07 



 

Appendix 4A Deployable Output Assessment and Bulk Supplies |  August 2019  
 

Confidentiality: not confidential | Author: Katie Woollard & James Wilkinson | Last saved: 13/08/2019 

File name: Appendix 4A WRMP19 DO and bulk supplies 190812 v2.0 Page 80 of 99 
 

RZ6 (Maidstone) 0.00 -2.43 -2.43 

RZ7 (Cranbrook) 0.00 -0.88 -0.88 

RZ8 (Ashford) -1.26 -18.09 -19.35 

Company Total -15.08 -34.20 -49.28 

5.3.3 Total other changes to DO (e.g. nitrates) 

No other changes have been made due to water quality, as we address any deteriorating water quality 

trends by either catchment management (working with our catchment stakeholders), by operating 

responsively or by increasing the treatment capabilities at our sites. We have included some changes 

within the baseline figure (e.g. at Woodgarston), meaning that we have not applied a future deterioration. 

5.4 Drought vulnerability interpretation 

5.4.1 Source Level 

55 operational groundwater sites are restricted by a hydrological constraint under the 1 in 100 worst 

historic baseline drought under the DYAA planning condition. 52 operational groundwater sites are 

restricted by a hydrological constraint under the 1 in 100 worst historic baseline drought under the DYCP 

planning condition.  

The most susceptible sites to drought tend to be located in the Chalk of the Bracknell zone – Lasham, 

Hurley and College Avenue – or within river gravel deposits – Hartlake and Hurley.  

These sites experience a drop of over 1Ml/d in ADO from the 1 in 100 year drought to the 1 in 500 year 

scenarios. With the exception of Lasham, these sites also experience a similar scale reduction in the 

PDO. 

5.4.2 Water Resource Zone Level 

Total reduction in DO in the different drought scenarios are shown in Table 23 and Table 24. Drought 

surface diagrams are available in WRMP19 Appendix 4B (HR Wallingford, 2017). 

Groundwater sources in RZ1 are moderately susceptible to drought conditions, with drops in DO 

occurring during shorter duration and less extreme drought than other zones. RZ2 can experience a 

reduction in DO during short, very extreme droughts, and longer period less extreme events, although 

the overall impact on groundwater DO is small. Groundwater in RZ3 is not susceptible to drought 

impacts, with long duration and extreme drought conditions required for even a small impact on the DO 

to occur.  

Groundwater sources in RZ4 lose available DO in relatively short and low intensity drought scenarios, 

although the reported design drought DO is lower than the impacted level. Groundwater sources in RZ5 

are vulnerable to drought, with short duration and less extreme drought conditions causing a loss of 

available DO, although this is not a large decrease from the design drought DO. RZ6 loses only very 

small amounts of available DO across the different drought scenarios, meaning that it is relatively 

insusceptible. RZ7 is impacted by relatively minor droughts, with a reduction in available DO.  

However, these impacts are all above the design drought DO. Losses of groundwater DO in RZ8 are 

proportionally small, with long duration and extreme droughts required for only minor impacts to 

available DO. 
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The biggest losses of DO during a drought situation are experienced in RZ2. However, it requires a 

longer and/or more extreme drought before losses in DO are experienced. By contrast, surface water 

DO begins to be lost in a much milder drought in RZ3, but the total losses are less.   
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6. Assess Uncertainty (Headroom) 

The WRPG 2017 states that with regard to uncertainty (headroom) the DO assessment should: 

Take account of, and clearly document assumptions relating to: 

• the impact of climate change  

• changes to your abstraction licences to ensure sustainability  

• changes to your abstraction licences due to regulatory development (for example abstraction 

reform)  

• issues arising from pollution or contamination of sources  

• issues arising from development and new infrastructure  

• changes in contractual arrangements for example with transfers of water between companies  

This includes taking account of: 

Risks of non-renewal for time limited licences which are due to expire during the period covered by the 

plan (check that these licences are sustainable and that their use should not cause deterioration)  

The WRPG 2017 state that allowance for uncertainty in calculations and forecasts for supply must be 

allowed for. 

Supply side components for target headroom which capture modelling and drought/climate change 

uncertainty will be generated – further detail is provided within WRMP19 Appendix 6A (WRMP19 – 

Headroom). 

Uncertainty from the DO assessment will be fed into headroom as deterministic values as stated in 

Section 6.1 and Section 6.2.   

As discussed in the Headroom appendix, we have reviewed our climate change uncertainty distributions 

ahead of the revised draft WRMP. Our review identified that forecast wetter future scenarios have a 

potential to introduce negative uncertainty (i.e a reduction in uncertainty).  In order to address this issue, 

we have modified our headroom distributions for wetter futures to remove the risk. 

6.1 Base Year 

The DO is sensitive to a wide range of factors including record length and the quality of inputs and 

modelling assumptions. 

Confidence grades will be assessed for each DO calculated at the source level.  

As was done for WRMP14, for WRMP19 the W27 UKWIR project will be used to define confidence 

ratings for the deployable outputs for each of our sources (UKWIR, 2012). 

Confidence grades have been added consistent with those used for WRMP14 due to:  

• No drought having been experienced from 2012 to 2017; therefore no additional operational 

data was available to add to the source yield curves. 

• The constraints data has been updated to 2017; however the same data sources used to derive 

constraints data (e.g. Maximo for pump constraints) and discussions with internal department 
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(e.g. water quality to derive water quality constraints and assets to determine water treatment 

works and network constraints) 

 

Table 29 Methodology used to derive confidence grades and uncertainty on DO 

 
Hydrological Data 

(Extrapolation) 

 <10% 10-50% >50% 

Constraints Data 

(Availability/Consistent) 

1 2 3 

A – Good/Consistent  1% 5% 20% 

B – Ok/Variable Quality 5% 10% 20% 

C – Not Available 20% 20% 20% 

SEW note that HRW’s report notes lower confidence particularly in WRZs 4 and 7 – the 

confidence grades provided for WRMP14 for all sources in these zones already result 

in the maximum +/- 20% uncertainty as a result of all sources having a ‘hydrological 

(extrapolation)’ score of 3. 

HR Wallingford (2017) comment - Whilst incremental improvements have been made (e.g. For 

groundwater - Due to a longer (hindcast) 100 year time series of data being used compared to the 50 

year time series being used for WRMP14 and For surface water – Due to model developments to include 

conjunctive use and re-optimised curves meaning that DO produced better reflects LoS), these are not 

significant enough to result in significant changes in confidence compared with the previous plan. 

The uncertainties and assumptions for developing Deployable Output are listed below (as developed for 

WRMP14 that are still applicable): 

• Where operational data suggests that borehole yields may have declined due to low water 

table and water level data is sparse, due to constraints with dipping or where telemetry data 

may have been flat-lining the drought curves have been lowered on the basis of comparison 

with local or regional observation borehole water levels and information provided by production 

on the operation of the source during the drought. 

 

• We have several newly drilled boreholes which had insufficient data beyond pump tests to 

represent the worst drought year condition. There are uncertainties and lack of confidence in 

deployable outputs for new sources until future drought data and analysis is available. 

 

• Where there is an existing planned funded scheme to be delivered before 2020, the deployable 

output has been estimated based upon delivery of that scheme and included. There are 

uncertainties surrounding the actual deployable output of some of these schemes. 

6.2 Forecast 

A major cause of uncertainty in our supply forecast is the impact of climate change over the planning 

horizon. Whilst the central climate change case has been used for our forecast, the upper and lower 
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percentiles will be used to capture the uncertainty surrounding modelling the impacts of climate change 

on DO. The 5th percentile represents the driest climate change scenario, whilst the 95th percentile 

represents the wettest climate change scenario (see Section 5.3.1).  As noted above, we have modified 

distributions for wetter futures to ensure that these cannot drive negatives into our headroom projections. 
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7. Link DO to Level of Service, Resilience and 

the Drought Plan 

WRPG 2017 state:  

 

‘A WRMP is complemented by your water company drought plan, which sets out the short-term 

operational steps you will take as a drought progresses to enhance available supplies, manage 

customer demand and minimise environmental impacts.’ 

You should clearly state how your drought plan and WRMP link in a format that your customers, 

regulators, government and interested stakeholders can understand, explaining:  

• what your planned levels of service are and the effect they will have on your available supply  

• what drought measures will be required, when and why, as part of the levels of service  

• for water companies operating wholly or mainly in England, you should not include the benefit 

of drought measures as part of your baseline supply forecast, for example you should exclude 

drought permits  

• any contingencies you have for challenging but plausible droughts beyond the capabilities of 

your current supply system  

7.1 Linking to LoS 

LoS relates to the average frequency of temporary customer restrictions on use of water that have been 

planned for by companies. Restrictions on water use are necessary during times of drought to help 

conserve water stores in reservoir systems and to ensure demand does not exceed the yield of a 

groundwater or ‘run of river’ source.  

The LoS for South East Water within their 2013 Drought Plan are shown in Table 30 below. The LoS 

describes the maximum return period at which drought measures, any additional operation or action 

taken by a water company to enhance yield/DO or reduce demand during a time of drought, set out in 

SEW’s 2013 Drought Plan as ‘drought actions’, will be implemented. 

Table 30: WRMP14 LoS 

Company 

Company Level of Service 

Demand Side Actions Supply Side Actions Supply Side Actions (Emergency 

Planning) 

Appeal for 

Restraint 

Temporary 

Water Use 

Restrictions 

Non-essential 

Water Use 

Restrictions 

(Drought 

Orders) 

Application for 

permission (via Drought 

Permits and/or Drought 

Orders) to vary 

abstraction licence 

conditions and quantities 

Emergency Drought Order 

(Abstraction restrictions further 

relaxed, rota cuts, standpipes and 

tankering) 
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South East 

Water 

No defined 

LoS  

No more 

than once 

in 10 years 

(10% annual 

probability) 

No more than 

once in 40 years 

(2.5% annual 

probability) 

No more than once in 50 

years (2.0% annual 

probability) 

No defined LoS although would be 

implemented during the 

emergency planning phase; the 

company will do everything in its 

power to avoid use   

 

For WRMP14 for sources constrained by either licence or infrastructure, the DO was determined by the 

constraints and the LoS equalled a ‘No Restrictions’ scenario. For hydrologically/hydrogeologically 

constrained sources the type of source/system determined the way in which LoS was considered: 

• Reliable yield: DO determined by resource at time of critical period and approximately LoS 

assessed (approximately linked with drought frequency and planned LoS); DO equivalent to a 

1 in 50 year return period. 

• Behavioural Model: Explicit LoS approach drought interventions modelled explicitly 

(established planned water company LoS incorporated in behavioural modelling); DO 

equivalent to a 1 in 50 year return period. 

Therefore, for both system types DO was assessed under restricted demand. To test the resilience of 

our WRMP14 DO a 1 in 100 year DO assessment was carried out and this was taken as the ‘No 

restrictions’ scenario (no demand restrictions). 

SEW made a commitment to the EA in their WRMP14 to further assess the effects of LoS on DO 

calculations prior to the next WRMP (See Appendix B). SEW’s approach for WRMP19 to link DO to LoS 

and the Drought Plan in line with WRPG 2017 addresses this commitment. 

WRPG 2017 states: that once the Baseline DO for the design drought, the amount of water that can 

reliably be supplied for DYAA and DYCP with unrestricted demand, has been assessed the effect that 

LoS, which relate to the average frequency of temporary customer restrictions on use of water that have 

been planned for by companies, will have on the DO, the available supply, should be assessed. 

For the DO modelling for WRMP19, WRMP14 LoS as presented in Table 30 are assumed. The company 

may however change its frequencies on it LoS for drought interventions (demand side / or supply side) 

following consultation with customers. 

7.1.1 Behavioural Model Approach 

For WRMP19 links with demand and supply side LoS interventions within the Behavioural Model 

Approach (Section 4.2.1) adopted for WRZ 2 and 3 which include surface water systems with associated 

storage i.e. reservoirs are considered as follows: 

• Benefits of demand restrictions (LoS) (see Demand Side Actions in Table 30) are included 

within the supply side estimates of yield within behavioural models using the control rules 

(Section 3.4) contained within the extended Kestrel-WRM model for WRZ 2 and 3 used to 

provide the DO assessment (Section 4.2.1). The extended Kestrel-WRM model for WRZ 2 and 

3 (Section 4.2.1) will run selected droughts with and without demand restrictions in place. For 

both, the DO will be estimated by incrementing demand until a given level of failure (e.g. 

breaching emergency storage) - the difference between the two will provide a quantitative 

assessment of the benefit offered by the demand restrictions. Control curves will provide 

restricted and unrestricted scenario by triggering application of percentage DO reductions with 

implementation of drought demand restrictions under average and peak conditions derived 

from figures within SEW’s 2013 Drought Plan; the same percentages used by WRSE for the 



 

Appendix 4A Deployable Output Assessment and Bulk Supplies |  August 2019  
 

Confidentiality: not confidential | Author: Katie Woollard & James Wilkinson | Last saved: 13/08/2019 

File name: Appendix 4A WRMP19 DO and bulk supplies 190812 v2.0 Page 87 of 99 
 

regional modelling work (Section 2.4).The WRMP baseline DO will be restricted due to the fact 

that demand restrictions are required to achieve SEW’s preferred LoS (Section 1.1.3) an 

estimate of unrestricted provided in WRP Table 10; this is in line with the  EA’s guidance 

‘Drought Plan and WRMP links’ (EA November, 2016) 

 

• The influence of supply side interventions (LoS) (See Supply Side Actions in Table 30) are 

described in relation to the links with the Drought Plan (Section 7.3);the contributions from 

supply side drought measures will not be included in the WRMP baseline DO in line with the  

EA’s guidance ‘Drought Plan and WRMP links’ (EA November, 2016). 

SEW have modelled the impact of demand restrictions within our behavioural models directly and used 

the stochastics to identify libraries of plausible droughts for different event severities (selected using an 

appropriate system yield performance metric e.g. DO). These drought events were run with both 

restricted and unrestricted demands, systematically increasing demand until failure. This showed 

directly the benefit of the demand restrictions and how these vary for different types of drought. 

For surface water systems with associated storage, for which DO is assessed using behavioural models, 

for each drought event DO generated (Section 4.2.3) there are corresponding DOs with an associated 

likelihood and estimated return period under both restricted and unrestricted demand for input into WRP 

Table 10 and as scenarios for the DMT.  

See Section 7.3.2 in WRMP19 Appendix 4B (HR Wallingford, 2017) for a description of how the DO 

benefits of demand restrictions for surface water sources with associated storage (i.e. reservoirs) were 

modelled in WRZ2 and WRZ3. 

The benefits of demand restrictions on the surface water DO were presented in Table 10 and Table 11. 

The control curves have been optimised as part of this process. Control curves used currently for 

drought monitoring and which link to SEW’s 2013 Drought Plan were based on historic data and this 

remains the case for WRMP19. However, for WRMP19 the extended Kestrel-WRM model used to 

opitmise the curves will include demand nodes fed by the full range of supply sources within the WRZ 

rather than just by the reservoirs and the changing operational use of sources and the network during 

normal through to drought conditions will also be modelled. The optimised curves are therefore reflective 

of conjunctive use benefits once derived. The updated curves link the WRMP to the Drought Plan. 

HR Wallingford carried out the modelling work to optimise SEW’s WRMP14 reservoir drought trigger 

curves Section 5.6 of WRMP19 Appendix 4B (HR Wallingford, 2017) details the modelling method and 

associated results.  

7.1.2 Reliable Yield Approach 

For WRMP19 links with demand and supply side LoS interventions within the Reliable Yield Approach 

adopted for WRZ 1 and 4-8 which include groundwater and run of river systems (Section 4.2.1) are 

considered as follows: 

• Benefits of demand restrictions (LoS) (See Demand Side Actions of Table 30) are included 

within the supply side estimates of yield assessed using groundwater and surface water reliable 

yield models by running with selected plausible droughts relevant to SEW (selected using DO 

as a system yield metric) (Section 4.2.3). For each drought event DO generated there will be 

corresponding DOs with an associated likelihood and estimated return period enabling an 

approximate assessment of LoS (approximately linked with drought frequency and planned 

LoS). 
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• The influence of supply side interventions (LoS) (See Supply Side Actions of Table 30) are 

described in relation to the links with the Drought Plan (Section 7.3); the contributions from 

supply side drought measures will not be included in the WRMP baseline DO in line with the  

EA’s guidance ‘Drought Plan and WRMP links’ (EA November, 2016) 

7.1.3 Metrics, likelihoods and return periods 

SEW will consider climatological and hydrological metrics however as described above system stress 

metrics (e.g. DO) will be used to select ‘plausible’ droughts for both the ‘design drought’ baseline base 

year DO ‘design drought’ and more extreme droughts DO which will link to the Drought Plan.  

System stress metrics (e.g. DO) have the advantage that they implicitly include all the drought factors 

within a metric, reflect non-linearities between available resources and system impacts and provide an 

indicative return period that is directly relevant to customer LoS to be estimated.  

It should be noted that the estimated likelihoods/return periods associated with drought events are 

approximations based on the adequacy of the underlying stochastic weather sequences in reflecting the 

frequency and severity of the drought events that could be realised – and are related to the system 

stress metric. As a result, these ‘extreme’ droughts are valuable in assessing a system’s resilience to 

droughts more challenging than the historic record but their associated likelihoods should be used and 

quoted with caution. 

SEW’s approach for WRMP19 to link DO to LoS and the Drought Plan, by assessing DO under restricted 

and unrestricted demand and DO under varying severities of drought generated with an associated 

likelihood of occurrence in any given year and an estimated return period, via the new Table 10 is also 

in line with WRPG 2017 (Section 7.3). This will enable SEW to meet their commitment to the EA in 

WRMP14 to further assess the effects of LoS on DO calculations prior to the next WRMP (Appendix B).  

The guidance suggests a Level of Service Statement to communicate this risk to customers (e.g. we 

expect to limit the average number of demand restrictions to x in the next y years or no restrictions 

unless there have been two dry winters) (Section 9). 

7.2 Linking to Resilience 

SEW is producing a Resilience Tested Plan which uses Risk Composition 2 and considers a more 

challenging but plausible range of droughts. 

Risk Composition 2 acts as an ‘extension’ to the baseline EBSD analysis carried out under Risk 

Composition 1 (i.e. it is effectively a sophisticated form of sensitivity analysis carried out to generate a 

‘best value’ plan for the WRMP). 

The supply side has been assessed using plausible droughts of different severities with varying 

characteristics more extreme than those experienced historically. ‘Drought Events’ have been derived 

and their ‘plausibility’ (approximate level of severity checked) using metrics of rainfall, aridity and 

hydrology; the approach is conventional plus ‘event based’ DO.  

DO under droughts more extreme than the design drought have been used to support the resilience 

aspect when selecting the best value programme within the DMT (Section 2.1.2) (see WRMP19 

Appendix 8A). 

Deterministic outputs generated have enabled input to the DMT and scenarios based on ‘plausible’ 

futures and ‘Drought Events’ produced to enable resilience testing within the DMT of investment plans 

produced which incorporates links with the Drought Plan. SEW will then be able to determine the 

implications of alternative/more severe droughts on the ‘best value’ investment programme. 
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The portfolio of options has been stress tested under challenging but plausible droughts beyond the 

capabilities of SEW’s supply system. Such scenario testing within the DMT enables the ‘tipping point’ 

where supply cannot meet demand under the ‘design drought’ to be determined and aids the selection 

of drought management options linking to the company Drought Plan (Section 7.3). 

Furthermore, testing using more extreme events more severe than the WRMP or Drought Plan has been 

designed to cope will determine the tipping point where the supply system fails and standpipes/rota cuts 

are required this will determine the severity and type of drought which results in system failure, a risk 

which the guidance states should be communicated to customers via the ‘Drought Resilience Statement’ 

(Section 9). 

7.3 Linking to the Drought Plan 

EA (November 2016) WRPG supporting guidance on Drought Plan and WRMP links states: 

‘The addition of table 10 as a requirement of the WRP supply demand tables helps companies to 

consistently demonstrate how their supply system will respond to a range of relevant drought scenarios. 

The table also enables companies to disaggregate the effects of drought measures from normal non 

drought supplies. This disaggregation of drought measures will allow regulators, stakeholders and 

customers to understand more clearly the effect of measures companies take to maintain supply during 

drought’ 

DO has been assessed under droughts ranging in severity with varying characteristics including 

droughts more extreme than those experienced within the historic record under both restricted and 

unrestricted demand along with likelihood of occurrence and estimated return period; DO generated 

under these plausible droughts relevant to SEW will sit within the new WRP Table 10 explicitly setting 

out LoS variations in DO (DO benefits of demand restrictions – Demand Side Actions in Table 30) under 

the various plausible droughts selected and therefore transparently presenting links with the Drought 

Plan. 

Supply side drought measures are required under a ‘design drought’ when the baseline supply system 

with restricted demand is pushed to a ‘tipping point’ where baseline supply can no longer meet demand; 

these drought options/actions are set out within the company Drought Plan. 

DO assessed under challenging but plausible droughts beyond the capabilities of SEW’s baseline supply 

has enabled scenario testing within our DMT, and aided the selection of drought management options 

for the Drought Plan, to manage plausible droughts more severe than the WRMP has been designed to 

cope with; the benefits of supply side drought measures (drought options) will also sit within the new 

WRP Table 10 and explicitly set out these LoS variations in DO (DO benefits of supply side drought 

measures- Supply Side Actions in Table 30) various plausible droughts relevant to SEW selected and 

therefore transparently presenting links with the Drought Plan. Furthermore, this will enable SEW to 

meet their commitment to the EA in WRMP14 to further assess the effects of LoS on DO calculations 

prior to the next WRMP (Appendix B). 

For Risk Composition 2, supply side measures (Drought Permits and Orders) that are contained within 

the Drought Plan need to be considered in relation to the supply-demand balances that are generated, 

particularly where this involves drought events that are more severe than those seen in the historic 

record. 

SEW have incorporated supply side interventions into the WRMP by regarding these as supply ‘options’ 

that only activate for severe droughts.; they are regarded as options that are incorporated into the final 

plan rather than included in the baseline (see WRMP19 Appendix 8A). 



 

Appendix 4A Deployable Output Assessment and Bulk Supplies |  August 2019  
 

Confidentiality: not confidential | Author: Katie Woollard & James Wilkinson | Last saved: 13/08/2019 

File name: Appendix 4A WRMP19 DO and bulk supplies 190812 v2.0 Page 90 of 99 
 

8. Report the DO Assessment 

WRPG 2017 states: ‘Suggested good practice for constructing your plan is to have an easy to read non-

technical summary that helps bring together your WRMP and other linked plans such as your drought 

plan and your business plan. This would sit alongside a more detailed technical document that regulators 

and interested parties may wish to review to understand the options you have considered and the 

decisions you have made. You may also provide supporting information in appendices.’ 

8.1 Internal reporting 

Internal reporting within SEW includes: 

• Main constraints spreadsheet – contains the compiled constraints data from the WRMP14 

reassessment exercise. 

• Source yield curves – the updated drought curves for all of SEW’s sources. 

• Final WRMP19 DO spreadsheet – contains the individual and source group deployable output 

values. 

• DO Method Statement (Version 3) (also shared with the Environment Agency) – records the 

methodology for developing DO. 

8.2 External reporting 

External reporting includes: 

• WRMP19 – Supply Forecast, contained within: 

– Main body of WRMP19  

– WRMP19 Appendix 4A (this document) and Appendix 4B. 

– WRP Tables 

• Drought Plan 
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9. Communicating WRMP19  

WRPG 2017 states: ‘You should include a drought resilience statement in your plan to reflect the 

hydrological risks that drought imposes on your supply system’ 

WRPG 2017 states that it should be clear how your drought plan and WRMP link in a format that your 

customers, regulators, government and interested stakeholders understand.  

More complex risk based methods adopted within WRMP19 means that communicating risk to 

stakeholders and customers may be more challenging than for earlier WRMPs. In order to communicate 

simply the way in which risk has been addressed within the WRMP SEW are adopting the following 

statements to communicate the performance of our water resource system and are directly related to 

Risk Composition 2 as recommended within UKWIR’s Risk Based Planning (2016a): 

• The Level of Service Statement [Example for Risk Composition 2: We expect to limit the 

average number of demand restrictions to x in the next y years or no restrictions unless there 

have been two dry winters] 

• The Drought Resilience Statement [Example for Risk Composition 2: We have planned our 

system so that it can withstand any drought that is as severe as those we have seen over the 

last n years with suitable allowance for climate change i.e. resilience to rota cuts]. 
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A Lessons Learnt From WRMP14: DO Assessment 

What do you think was most successful about it? How do you think it could be improved in future? WRMP19 Approach 

The process of mapping the changes and the 

constraints was too complex. However, at the same 

time the drought meant the DO assessments were 

constantly changing.  

Data base of key data. A better system (database?) of 

recording the changes, constraints and WRZ totals 

could be developed.  This would mean further updates 

would be less onerous. 

Constraints input data undergone CRAV process. 

Constraints mapped to sources within an Excel 

spreadsheet and aggregated to WRZ level. The 

database input data, data gaps and assumptions are is 

clear and auditable. 

DO Resolving the issue with Southern Water about the DO 

from Bewl. 

 

Ongoing bulk supply discussions with Southern Water 

to confirm they have made the necessary 

arrangements to meet their statutory and policy 

obligations to ensure that water will still be supplied 

during our design drought and that SEW will continue 

to be able to meet LoS 

Best endeavours approach used in 2014.  DO not up to date at many sources 2014 to 2016 (date 

of WRMP19 DO assessment) 

 

Best endeavours approach to updating the DO of 

sources to ensure DO assessments are reliable, 

accurate and precise. 

We achieved more resilience in DO. 

Reviewed DO following a 2 dry winter period and 

drought event. New available ADO data, however 

lacking new PDO data.  

 

Updated RZ1-5 and RZ 6-8 PR09 DO assessments 

into using the same standard approach 

More account of extreme events, better linkages to LoS 

and Climate Change events. 

 

Better understanding of how sources will perform in a 

drought (e.g. 1 in 20; 1 in 50; 1 in 100). Need to 

consider what most extreme climate change event 

would mean for us. 

DO will be assessed, and resilience tested, under a 

range of plausible droughts relevant to SEW and under 

climate change in the 2080s. The inventory of droughts 

will range in severity and characteristics including 

droughts more extreme than those experienced within 

this historic record. The new table 10 will explicitly 

present LoS variations in DO under the various 

plausible droughts improving transparency with regard 

to how the WMRP and Drought Plan link. 
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The team developed a realistic supply prediction Internal centralised data collation – e.g. borehole & 

pump information, dip information etc. Thereby 

reducing limitations in data held.  

 

Update to align to guidance documents.   

 

Less dependent on one person. 

Centralised database e.g. Maximo used to derive 

constraints and updated with any improved data during 

the DO assessment.  

 

All guidance documents for WRMP19 reviewed to 

ensure the DO assessment aligned. 

 

Knowledge transfer from consultants to SEW staff 

integral to process to ensure internal technical 

resilience and competency  

Using previously gained knowledge with the latest 

updated information and expert judgement 

Subject to challenge; the team needs to be able to 

listen but also to robustly defend. 

Recording of all assumptions and production of a risk 

assessment will ensure the auditable recorded 

justification for methods used. 

Structured approach. Involve all parts of the business as early as possible in 

the process 

 

 

 

Need for transparency and process governance 

around DO calculation; define methodology for 

creating and validating it 

Engaged with many departments across the business 

including Assets, Engineering, Operations, Water 

Resources and Water Quality. 

 

 

Programme Quality Assurance Plan in place (see 

WRMP19 Appendix 11A) in place including a CRAV 

process (check/review-approve-verify/validate) to 

ensure that a quality review is undertaken by 

appropriate persons. A method statement will be 

produced (this document) to be reviewed internally 

using CRAV process and externally by the EA as part 

of pre-consultation methods discussions. 
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B Commitments Made WRMP14: DO Assessment 

 

WRMP14 WRMP19 

The analysis of conjunctive use options in the deployable output assessment has 

been limited and therefore a full discussion was not provided within this WRMP. 

The Company will commit to further assessing in detail the conjunctive use 

options before the next draft WRMP. 

System simulation (Kestrel-WRM) model extended for surface water systems with 

associated storage i.e. reservoirs to include other sources (GW, SW, bulk 

supplies) assessment of SW DO at these sources under conjunctive operation.  

Company will commit to further assess the effects of levels of service on 

deployable output calculations prior to the next WRMP. 

The new table 10 will explicitly present LoS variations (demand side and supply 

side) in DO under the various plausible droughts relevant to SEW improving 

transparency with regard to how the WMRP and Drought Plan link. 



 

Appendix 4A Deployable Output Assessment and Bulk Supplies |  August 2019  
 

Confidentiality: not confidential | Author: Katie Woollard & James Wilkinson | Last saved: 13/08/2019 

File name: Appendix 4A WRMP19 DO and bulk supplies 190812 v2.0 Page 97 of 99 
 

C Key Assumptions DO Assessment WRMP14: Assessment 

Changes To WRMP19 

Uncertainties and assumptions for WRMP14 taken from SEW’s WRMP14 Appendix 3a. 

WRMP14 WRMP19 

It is noted that there will always be a level of uncertainty surrounding deployable 

outputs, but we have applied a best endeavours approach to sourcing of 

constraint data, data interpretation and delineation of drought curves. The 

constraints have been checked and updated where new information has been 

available, including data held within our own database (Maximo), Operational and 

Maintenance files, manual dips etc. 

Carries forward 

Where operational data suggests that borehole yields may have declined due to 

low water table and water level data is sparse, due to constraints with dipping or 

where telemetry data may have been flat-lining the drought curves have been 

lowered on the basis of comparison with local or regional observation borehole 

water levels and information provided by production on the operation of the source 

during the drought 

Carries forward 

Outputs from Maximo have been checked with operational staff and operational 

data, to ensure data is correct. 

Carries forward 

Deployable output assessment graphs were redrawn for sources in Water 

Resource Zones 6-8 as they were not our standard approach applied by HSI/Scott 

Wilson in WRMP09. Where possible the deployable output assessment graphs 

were re-drawn to reflect individual borehole constraints, as well as overall site 

constraints to give a more comprehensive and robust deployable output and 

better understanding of constraints. 

Carries forward 
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We have several newly drilled boreholes which had insufficient data beyond pump 

tests to represent the worst drought year condition. There are uncertainties and 

lack of confidence in deployable outputs for new sources until future drought data 

and analysis is available. 

No drought between 2012 and 2016 – Carries forward 

New data during a peak demand period during a drought year was limited as there 

has not been a severe drought condition during the peak period since the 

WRMP09 PDO values were determined. Recharge prior to the peak weeks in 

2012 reduced the impacts of the preceding two dry winters, groundwater levels 

increased and demands were exceptionally low due to the wet weather. Drought 

curves for the peak condition have only been reviewed whereby there was 

sufficient and relevant data available to do so. 

No drought between 2012 and 2016 – Carries forward 

Where there is an existing planned funded scheme to be delivered before 2015, 

the deployable output has been estimated based upon delivery of that scheme 

and included. There are uncertainties surrounding the actual deployable output of 

some of these schemes. 

Carries forward - Where there is an existing planned funded scheme to be 

delivered before base year 2019/20, the deployable output has been estimated 

based upon delivery of that scheme and included. There are uncertainties 

surrounding the actual deployable output of some of these schemes. 



 

 

 

 

 

 

 

 


