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There have now been three phases of the consultation process for this WRMP. 

Pre-consultation 

Firstly, in accordance with Section 37A (8) of The Water Industry Act 1991, water companies must 
undertake pre-consultation with Ofwat, the Environment Agency, the Secretary of State and any 
licensed suppliers in its supply area.  Southern Water took the opportunity to widen the scope of this 
pre-consultation phase to include a number of other bodies, namely, neighbouring water companies, 
RSPB, the Wildlife Trusts and the Consumer Council for Water (CCW).   A copy of the pre-
consultation letter and full list of pre-consultation parties is given in this Appendix. 

 

Full public consultation 

In accordance with the requirement for full public consultation, the draft WRMP was sent to those 
parties prescribed in Section 2(2) of The Water Resources Management Plan Regulations 2007 (SI 
2007/ 727), in accordance with the requirements of Section 37B of The Water Industry Act 1991.  
Southern Water again took the opportunity to widen the basis of its consultation, and a full list of 
consultees is given in this Appendix. 

The company published the draft WRMP on 1st May 2008, and the twelve week consultation period 
lasted from then until 25th July 2008. 

The draft WRMP was published for consultation in a variety of formats to ensure that it was available 
for both technical review/comment and also for wider public consultation. 

The draft WRMP was published as: 

♦ The main consultation document, being the Main Report and the Appendices, and a 
14-question questionnaire; 

♦ The Technical Summary, giving an overview of the draft WRMP; and 

♦ A brochure giving the high level summary of the draft WRMP. 

The draft WRMP was also available on the website, at www.southernwater.co.uk. 

As part of the consultation process, a letter was sent to more than 900 stakeholders to advise them 
that the consultation period had started and that the draft WRMP was available on the internet.  

An Environmental Report that described the outcomes from a Strategic Environmental Assessment 
(SEA) of the draft WRMP was published for public consultation at the same time as the draft WRMP. 

 

Statement of Response to Consultations 

Southern Water received 125 representations to the consultation, all forwarded via Defra. 

In accordance with Section 4 of the Water Resources Management Plan Regulations 2007, water 
companies have to prepare and publish a Statement of Response to the representations received 
during the consultation process. Southern Water published its Statement of Response to the 
representations received, according to the Water Resources Management Plan Direction (England) 
2008, on 29th January 2009.  The Statement of Response was available on the internet.  A link to the 
site was emailed to all those respondents who had provided an email address. A letter and CD were 
sent to all respondents who had provided an address, with the offer of a paper copy of the Statement 
of Response if requested. 

The Statement of Response is also available on the website, at www.southernwater.co.uk. 
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B.1 Pre-Consultation 

Pre-consultation letter 
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OFWAT response to pre-consultation 
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The Environment Agency response to pre-consultation 
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Defra response to pre-consultation 
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Portsmouth Water Company response to pre-consultation 

 



Southern Water 
Final Water Resources Management Plan 
October 2009 
 

 Page B-16 
 

 
 

 



Southern Water 
Final Water Resources Management Plan 
October 2009 
 

 Page B-17 
 

South East England Regional Assembly (SEERA) response to pre-consultation 
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Water for Wildlife response to pre-consultation 
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B.2 Full Public Consultation 

B.2.1 List of Consultees 

Water Resources Management Plan 

Environment Agency 

Natural England 

English Heritage 

OFWAT 

DEFRA 

Consumer Council for Water 

DWI 

Water UK 

 

Relevant licensed suppliers 

 

Thames Water 

Wessex Water 

South East Water 

Folkestone & Dover Water 

Sutton & East Surrey Water 

Bournemouth & West Hampshire Water 

Portsmouth Water 

 

Littlehampton Harbour Board 

River Medway Navigation Authority (Env Agency) 

Port of Medway Authority 

Wey & Arun Canal Trust 

 

SEEDA 

SEERA 

 

Adur District Council 

Arun District Council  

Ashford Borough Council  

Basingstoke and Deane Borough Council  

Brighton and Hove City Council 
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Canterbury City Council  

Chichester District Council  

Crawley Borough Council  

Dartford Borough Council 

Dover District Council  

East Hampshire District Council  

East Sussex County Council 

Eastbourne Borough Council 

Eastleigh Borough Council  

Fareham Borough Council  

Gosport Borough Council  

Gravesham Borough Council  

Hampshire County Council  

Hart District Council  

Hastings Borough Council 

Havant Borough Council  

Horsham District Council  

Isle of Wight Council  

Kent County Council  

Lewes District Council 

Maidstone Borough Council  

Medway Council  

Mid-Sussex District Council  

New Forest District Council  

Portsmouth City Council  

Rother District Council 

Rushmoor Borough Council  

Sevenoaks District Council  

Shepway District Council  

Southampton City Council  

Swale Borough Council  

Test Valley Borough Council  

Thanet District Council  

Tonbridge and Malling Borough Council  

Tunbridge Wells Borough Council 

Wealden District Council 

West Sussex County Council  

Winchester City Council  

Worthing Borough Council  
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New Forest National Park Authority 

 

Non-Technical Summary 

MPs, MEPS, Lord-Lieutenants, Lords 

 

Parish & Town Councils 

 

Arundel Wildfowl and Wetlands Trust 

 

Aylesford Newsprint Ltd 

BAA Gatwick 

Blake Lapthorn Tarlo Lyons 

Brighton & Hove Bus & Coach Company 

Brighton & Hove Business Forum 

Brighton & Hove Economic Partnership 

Brighton and Hove Albion Football Club 

Brighton and Hove Business Forum 

Brighton and Hove Chamber of Commerce 

Brighton Community & Voluntary Sector Forum 

Brighton Dome & Brighton Festival 

Brighton Festival 

CAE (UK) plc 

CBI 

CGG Veritas 

CPRE Hampshire 

CPRE Sussex 

CPRE Kent 

Chichester College 

City College - Brighton & Hove 

Consumer Council for Water 

Coral Brighton and Hove Greyhound Stadium 

Darcy Products 

Drinking Water Inspectorate (DWI) 

e-on UK plc 

Ewhurst Parish Council 

ExxonMobil Chemical Limited 

Fontwell Park Racecourse 

Forestry Commission 

Friends of Chichester Harbour 
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Gillingham Football Club 

GlaxoSmithKline 

Government Office for the South East 

Grain Power Station 

Group 4 Securicor plc 

Hampshire and Isle of Wight Wildlife Trust 

Hampshire Economic Partnership 

Harbour Economic Development Forum 

Harveys 

Hornet Engineering Ltd 

IBM United Kingdom Ltd 

Inspire Leisure 

IoD 

IoD 

IPPR 

Island 2000 

Isle of Wight AONB Partnership 

Isle of Wight Ornithological Group 

Isle of Wight Tourism 

Jacobs Babtie 

Jiskoot Ltd 

Kent Wildlife Trust 

Medway Renaissance 

National Farmers Union 

National Trust 

Pfizer Ltd 

Platon Medical Ltd 

Portsmouth and SE Hants Chamber of Commerce 

Portsmouth City Museums 

Portsmouth Climate Action Network (PCAN) 

Portsmouth Society 

RSPB 

Sencio Leisure 

Shepherd Neame Ltd 

Solent Enterprise Hub 

South and South East in Bloom 

South Downs Joint Committee 

Southern Trains 

Sussex Community Partnership 

Sussex Wildlife Trust 
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University of Brighton 

University of Brighton Business School 

University of Kent 

University of Portsmouth 

University of Winchester 

University of Southampton 

West Southsea Neighbourhood Forum 

Wight Wildlife 

YellowFin Ltd 

 

To Add: 

Fishery and Angling groups and societies 

River based recreation bodies 
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Appendix C:  WATER RESOURCE ZONES 
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Water resource planning takes place at the level of the Water Resource Zone (WRZ), which represent 
the largest area in which all customers bear the same amount of risk of restrictions in the event of 
drought events.  There are ten WRZs in the Southern Water area.  However, some of these WRZs are, 
or will be, connected by means of treated or raw water supplies.  Therefore, for the purposes of 
strategic planning, where actions in one WRZ can have an impact in connected WRZs, it is possible to 
amalgamate some of these WRZs into larger, sub-regional Areas.  

Thus, the hierarchy of water resource planning within the Southern Water supply area can be 
summarised as follows: 

Western sub-regional Area (Western Area), which includes the following WRZs: 

♦ Isle of Wight WRZ; 

♦ Hampshire South WRZ; 

♦ Hampshire Andover WRZ; and 

♦ Hampshire Kingsclere WRZ. 

Central sub-regional Area (Central Area), which includes the following WRZs: 

♦ Sussex North WRZ; 

♦ Sussex Worthing WRZ; and 

♦ Sussex Brighton WRZ. 

Eastern sub-regional Area (Eastern Area), which includes the following WRZs: 

♦ Kent Medway WRZ; 

♦ Kent Thanet WRZ; and 

♦ Sussex Hastings WRZ. 

The number of WRZs has been increased since the previous WRMP in 2004, with the division of the 
previous Sussex Coast WRZ into the Sussex Worthing and Sussex Brighton WRZs.  This division 
resulted from the capacity of the only interconnection between the two areas, known as the “V6” valve, 
being identified as a constraint on the ability to move water freely between the areas.  When this 
transfer capacity is increased, the two WRZs can again be treated as a single WRZ. 
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Figure C.1 Schematic of Water Resource Zones in the Western Area 
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Figure C.2 Schematic of Water Resource Zones in the Central Area 
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Figure C.3 Schematic of Water Resource Zones in the Eastern Area 
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Appendix D:  SUPPLY FORECAST 
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D.1 Deployable Outputs 

D.1.1 Overview of Deployable Output Re-assessments 
Water resource modelling capability was developed as part of the AMP4 Water Resources 
Investigations.  In order to carry out a robust options appraisal process it was considered necessary to 
carry out a complete re-evaluation of the water resource capability of the supply system in each of the 
three sub-regional areas: Western; Central; and Eastern.  

Each area relies on varying combinations of groundwater sources, reservoir storage, and surface 
water sources.  These different sources have different resource capabilities and different vulnerability 
to drought, and so the combined (or conjunctive) potential output from the system is not the same as 
the sum of the individual sources.  There are also some key intra-zonal and inter-company transfers 
which are used to support each of the three sub-regional areas during drought conditions.  Therefore, 
as well as a re-evaluation of surface water flows and yield, water resource models were built in order 
to assess the ‘conjunctive use’ and transfer capability of the system as a whole. 

The derivation of deployable output for each WRZ is made up of up to three parts: 

• Assessment of groundwater deployable output; 

• Where the WRZ also has surface water storage reservoirs, an assessment of the yield of the 
reservoir system as a stand-alone system; and 

• For those WRZ with combined surface water storage reservoirs and groundwater sources, 
assessment of the conjunctive use deployable output. 

MISER models were used to provide an assessment of both surface water and groundwater 
deployable outputs on the basis of the same hydrological event, i.e. application of the Unified 
Methodology. 

As part of the AMP4 Water Resources Investigations, the company undertook a reassessment of the 
deployable output of all its surface water sources.  These values, together with the results of the 2005 
review of groundwater source deployable output were used in the draft WRMP.  The methodologies 
for the reassessments were circulated to the EA.  The EA comments were taken into account together 
with the results of the 2006 review of groundwater sources to produce the deployable output for this 
WRMP.   

An audit of the company’s approach to the assessment of deployable output was undertaken in 
September 2008 (Halcrow, 2008).  The summary of the audit states: 

o We strongly support the overall approach of using conjunctive use deployable outputs 
in an extended period simulation with the objective of enabling Southern Water to 
meet its stated levels of service with the defined frequencies over the long term.  The 
company, probably in common with many others, has clearly not met its water 
availability LoS objective with the required frequency.  The company is, therefore, to 
be commended on the work it is doing to address this issue. 

o In arriving at revised deployable outputs, the company has attempted to address the 
discrepancy between the stated service levels relating to the imposition of restrictions 
and the historic frequency of such restrictions in practice. 

o By avoiding the analytical problems engendered by using different design droughts for 
evaluation of surface and groundwater sources and by optimising conjunctive use 
outputs, the company’s reassessment is undoubtedly more robust than would 
otherwise be the case. 

o There has been no change from the draft WRMP submission to the surface water 
deployable outputs.  We note that the revised groundwater deployable output have yet 
to be integrated for the conjunctive use aspects.  However, we consider that any 
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changes due to this integration are likely to be insignificant in the context of the overall 
surface water deployable output. 

o We are satisfied that the company has followed the UKWIR methodology to assess 
groundwater deployable output.  The 2006 study represents a significant improvement 
with respect to: 

 An increase in the amount of data used to generate drought curves in 
summary diagrams, as 2006 represented a drought year. 

 Further studies carried out since the 2005 Assessment, into constraints, 
including the SIOS studies and improved information from within Southern 
Water. 

 An updated methodology for assessing Sustained Peak and Minimum 
deployable output. The summary diagram plots water levels against 30 day 
running mean abstraction, rather than using monthly average abstraction (as 
used in the 2005 Assessment).  The company explains that this is because 
antecedent pumping conditions are better represented and the greater spread 
of data allows improved definition of drought curves.  We are satisfied that 
this is an improvement on the 2005 methodology. 

o An update to the methodology for assessing Minimum Deployable Output through the 
use of dry months from the observation boreholes in a given WRZ to show sufficient 
data to define the drought curve.  We are satisfied that this is consistent with the 
UKWIR methodology. 

o We have not located any material areas of concern during our audit of the deployable 
output reassessment data. 

D.1.2 Surface water 
A summary of the approach used to derive surface water deployable outputs for each of the three sub-
regional areas in Southern Water is given in a separate Technical Note (Atkins, 2008).  The note does 
not re-iterate previous work, but provides an overview of the process followed.  Where relevant, the 
note signposts the reader to relevant sections of previous reports which set out in detail the 
methodologies, assumptions and results.  Much of the work was undertaken as part of the AMP4 
Water Resources Investigations; the technical reports produced for Southern Water under the AMP4 
Water Resources Investigations were signed-off by the Environment Agency.  The focus of the AMP4 
investigations was Peak Deployable Output (PDO) and Minimum Deployable Output (MDO).  
Estimates of Average Deployable Output (ADO) were made for the draft WRMP. 

D.1.3 Groundwater 
The company has progressively improved its approach to the assessment of deployable output of 
groundwater sources.  The most recent assessment was completed in the summer of 2008 and was 
based on operational data up to and including 2006. 

The work is reported in a series of reports by Scott Wilson (Scott Wilson, 2008 etc.).  The water level 
data and assessment diagrams from the Scott Wilson studies have been used for the application of 
the UKWIR unified methodology to the company’s groundwater sources. All deployable outputs 
presented in this document have been based on “2006 assessments” carried out by Scott Wilson 
(2008) i.e. the most recent deployable output assessments, which include data from 2006. 

For some areas, analysis of severe drought impact and/or climate change impact had previously been 
carried out using earlier versions of groundwater source deployable output: these analyses have been 
updated and the results superseded for this WRMP.   

Baseline deployable output assessments are derived for drought conditions for which operational data 
are available. The consequence is that drought conditions on which the current baseline deployable 
outputs have been based may vary from source to source, depending on the operational data 
available.  The deployable outputs may therefore not be a robust representation of source output 
available during the most severe droughts under current climatic conditions.   



Southern Water 
Final Water Resources Management Plan 
October 2009 
 

 Page D-4 
 

In order to compile a more robust assessment of groundwater deployable outputs, an assessment has 
been made of the impact on groundwater availability of different drought scenarios within the historical 
record.  This takes into account the effect of droughts similar to those examined for surface water 
sources and therefore allows a more robust assessment of overall deployable output to be made.  The 
approach is consistent with that enshrined in the UKWIR Unified Methodology. 

D.1.4 Conjunctive use 
The worst historic drought for surface water sources was identified.  In the Eastern Area, this was the 
1900-03 period; while for the Central and Western areas, it was based on the 1920-22 drought 
scenario, where a very dry winter was followed by a prolonged spring, summer and autumn drought 
with little effective rainfall in 1921.  An assessment of the hydrogeological conditions associated with 
the worst drought period was made and applied to the deployable output of all groundwater sources.  
This approach offers a much more realistic and prudent approach to developing a robust prediction of 
deployable output during the design drought event. 

D.1.5 Review of Drought Design Principles  
HR Wallingford were asked to conduct a review of the justification of planning on droughts that 
occurred before 1920. The focus of this review was in Kent, as analysis had shown that the critical 
drought for the area occurs in 1900-03, while for the Central and Western areas, the critical drought 
starts in 1920-21. A summary of the findings of this analysis is presented below. 
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D.1.6 Deployable Output Summary Tables 
 

WRZ Isle of Wight Previous Assessments of DO PR09 DO Assumptions 

    PR04 2006 PR09 Baseline PR09 FINAL        Baseline 

Type Name MDO PDO MDO PDO MDO PDO MDO PDO  
Ave 

Annual 
Licence 

Daily 
Licence 

PR04 
ADO 

Calc'd 
PR09 
ADO 

L536 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.55 1.10 0.00 0.00 

U433 0.00 5.40 1.50 4.00 1.50 4.00 1.75 4.25  8.33 13.50 0.00 2.12 

G227 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.49 0.90 0.00 0.00 

K628 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  1.06 1.10 0.00 0.00 

K253 0.99 2.34 0.87 0.95 0.87 0.95 0.97 1.05  2.47 3.00 0.99 0.89 

K453 7.02 11.32 9.96 10.96 9.96 10.96 10.46 11.96  15.40 22.37 7.02 10.21 

H614 0.90 1.80 0.90 1.13 0.90 1.13 1.00 1.23  3.11 5.40 0.90 0.96 

O335  1.80 2.56 1.40 2.00 1.38 1.97 1.38 1.97  3.83 5.02 1.80 1.53 

T868 4.47 4.60 4.35 4.35 4.35 4.35 4.45 4.45  4.47 9.12 4.30 4.35 

R162 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.12 0.14 0.00 0.00 

Q442 0.16 0.25 0.20 0.21 0.20 0.21 0.20 0.21  0.33 0.43 0.16 0.20 

V434 0.39 0.79 0.15 0.37 0.13 0.33 0.13 0.33  1.21 2.06 0.39 0.18 

T464 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.19 0.33 0.00 0.00 

R558 0.31 0.46 0.28 0.39 0.28 0.39 0.28 0.39  0.49 0.77 0.31 0.31 

L443 1.31 1.87 1.15 1.20 1.15 1.20 1.15 1.20  3.29 3.79 1.31 1.16 

                    

G
ro

un
dw

at
er

 

Total 17.35 31.39 20.76 25.56 20.72 25.49 21.77 27.04   45.34   17.18 21.90 
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WRZ Isle of Wight Previous Assessments of DO PR09 DO Assumptions 

    PR04 2006 PR09 Baseline PR09 FINAL        Baseline 

Type Name MDO PDO MDO PDO MDO PDO MDO PDO  
Ave 

Annual 
Licence 

Daily 
Licence 

PR04 
ADO 

Calc'd 
PR09 
ADO 

N472 8.81 10.81     10.00 12.00 10.00 12.00  15.00 18.00 8.81 10.50 

                   

S
ur

fa
ce

 
w

at
er

 

Total 8.81 10.81     10.00 12.00 10.00 12.00   15.00    8.81 10.50 

                              

  Total WRZ 26.16 42.20 29.57 36.37 30.72 37.49 31.77 39.04  60.34  25.99 32.40 
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WRZ Hants South Previous Assessments of DO PR09 DO Assumptions 

    PR04 2006 PR09 Baseline PR09 FINAL       Baseline 

Type Name MDO PDO MDO PDO MDO PDO MDO PDO  
Ave 

Annual 
Licence 

Daily 
Licence 

PR04 
ADO 

Calc'd 
PR09 
ADO 

I131 1.12 1.82 1.12 1.82 1.12 1.82 1.12 1.82  1.12 1.80 1.12 1.12 

R176  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  1.00 1.18 0.00 0.00 

R764 18.17 27.30 18.17 27.30 18.17 27.30 18.17 27.30  18.18 27.30 18.17 18.17 

B136 2.88 2.88 1.50 1.50 1.50 1.50 5.00 5.00  5.00 5.00 2.88 1.50 

O641 54.16 67.58 50.00 60.00 44.00 46.00 48.00 53.50  54.76 68.18 54.16 44.49 

O541  9.50 13.00 9.50 10.80 9.50 10.80 10.00 11.80  13.68 13.64 9.50 9.82 

J672 4.54 4.55 4.54 4.55 4.54 4.55 4.54 4.55  4.55 4.55 4.54 4.54 

S517 18.00 23.00 18.00 23.00 17.50 22.80 17.50 22.80  36.49 36.37 18.00 18.81 

                    

G
ro

un
dw

at
er

 

Total 108.37 140.13 102.83 128.97 96.33 114.77 104.33 126.77  134.78  108.37 98.46 

                       

Y841 42.71 42.71 - - 44.46 44.46 44.46 44.46  45.58 45.46 42.71 66.20 

B513 101.86 101.86 - - 105.00 105.00 105.00 105.00  136.75 136.40 101.86 105.00 

                   

S
ur

fa
ce

 w
at

er
 

Total 144.57 144.57 - - 149.46 149.46 149.46 149.46  182.33  144.57 171.20 

                             

  Total WRZ 252.94 284.70 247.40 273.54 245.79 264.23 253.79 276.23  317.14  252.94 269.66 
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WRZ Hants Andover Previous Assessments of DO PR09 DO Assumptions  

    PR04 2006 PR09 Baseline PR09 FINAL       Baseline 

Type Name MDO PDO MDO PDO MDO PDO MDO PDO  
Ave 

Annual 
Licence 

Daily 
Licence 

PR04 
ADO 

Calc'd 
PR09 
ADO 

J827  16.00 19.88 16.02 19.88 16.02 19.88 16.02 19.88  16.02 19.89 16.00 16.02 

G812 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49  0.50 0.49 0.49 0.49 

Y438  0.15 0.45 0.00 0.00 0.00 0.00 0.00 0.00  0.82 1.18 0.15 0.00 

S748 2.94 4.26 2.94 4.75 2.94 4.75 2.94 4.75  5.71 6.55 2.94 3.39 

U155 1.64 1.64 1.40 1.46 1.38 1.44 1.58 1.64  1.64 1.64 1.64 1.39 

X856  1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64  1.64 2.64 1.64 1.64 

                    

G
ro

un
dw

at
er

 

Total 22.86 28.36 22.49 28.22 22.47 28.20 22.67 28.40  26.33   22.86 22.93 
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WRZ Hants Kingsclere Previous Assessments of DO PR09 DO Assumptions 

    PR04 2006 PR09 Baseline PR09 FINAL        Baseline 

Type Name MDO PDO MDO PDO MDO PDO MDO PDO  
Ave 

Annual 
Licence 

Daily 
Licence 

PR04 
ADO 

Calc'd 
PR09 
ADO 

J358 3.00 3.50 3.00 3.80 3.00 3.80 3.00 5.00  3.00 5.00 3.00 3.00 

V175 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68  5.70 5.70 5.68 5.68 

                    

G
ro

un
dw

at
er

 

Total 8.68 9.18 8.68 9.48 8.68 9.48 8.68 10.68   8.70   8.68 8.68 

 



Southern Water 
Final Water Resources Management Plan 
October 2009 

 
 

 Page D-16  
 

 
WRZ Sussex North Previous Assessments of DO PR09 DO Assumptions 

    PR04 2006 PR09 Baseline PR09 FINAL         Baseline 

Type Name MDO PDO MDO PDO MDO PDO MDO PDO  
Ave 

Annual 
Licence 

Daily 
Licence 

PR04 
ADO 

Cald’d 
PR09 
ADO 

S466  13.39 24.47 16.00 27.00 13.00 27.00 13.00 27.00  33.75 33.75 13.39 16.45 

Q256  0.59 0.59 0.80 0.80 0.80 0.80 0.80 0.80  2.49 3.14 0.59 0.80 

I838  2.14 2.43 2.14 2.43 2.14 2.43 2.14 2.43  2.14 2.43 2.14 2.14 

G453 2.26 2.25 1.60 1.96 1.60 1.96 1.60 1.96  2.28 2.27 2.26 1.69 

T168 2.19 2.88 2.19 2.88 2.19 2.88 2.19 2.88  2.19 1.91 2.19 2.19 

W754  3.21 3.30 3.12 3.12 3.12 3.12 3.22 3.32  3.41 4.36 3.21 3.12 

B882 1.44 1.46 1.20 1.35 1.00 1.10 1.00 1.20  1.63 2.27 1.44 1.02 

                     

G
ro

un
dw

at
er

 

Total 25.22 37.38 27.05 39.54 23.85 39.29 23.95 39.59  47.89  25.22 27.42 

                          

R648 28.82 29.73     7.5 7.5 7.50 7.50  41.25 41.25 28.82 29.82 

G282 8.64 15.34     8.7 17 8.70 17.00  21.82 21.82 8.64 6.49 

                    

S
ur

fa
ce

 w
at

er
 

Total 37.46 45.07   16.20 24.50 16.20 24.50  63.07    37.46 36.31 

                             

  Total WRZ 62.68 82.45 64.51 84.61 40.05 63.79 40.15 64.09  110.96  62.68 63.73 
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WRZ Sussex Brighton Previous Assessments of DO PR09 DO Assumptions 

    PR04 2006 PR09 Baseline PR09 FINAL         Baseline 

Type Name MDO PDO MDO PDO MDO PDO MDO PDO  Ave Annual 
Licence 

Daily 
Licence 

PR04 
ADO 

Calc’d 
PR09 
ADO 

A768  7.80 12.00 12.89 19.18 11.60 17.2 11.60 17.20  34.00 7.80 12.89 

N312  5.52 7.49 5.00 5.18 2.40 3.50 2.40 3.50  22.00 5.52 2.67 

W515 12.62 19.00 12.00 13.50 10.00 11.50 11.00 12.50  20.00 12.62 10.37 

U354 2.50 6.20 3.79 6.00 2.60 6.00 2.60 6.25  6.70 2.50 3.12 

C817 3.36 7.00 3.30 3.30 3.30 3.30 4.30 4.30  7.00 3.36 3.14 

R771 8.70 11.00 10.00 11.00 9.75 10.75 9.75 10.75  17.50 8.70 10.00 

N244 2.50 3.50 3.30 3.30 1.80 2.57 1.80 2.57  4.50 2.50 1.80 

E357  14.75 14.75 14.75 14.75 13.20 14.75 13.20 14.75  14.80 14.75 12.82 

J485 7.40 9.05 8.10 8.70 8.10 8.70 10.10 10.70  17.50 7.40 8.25 

K532 5.80 5.86 6.00 8.30 5.20 7.80 5.45 7.80  10.00 5.80 5.84 

S666  14.42 17.75 11.45 11.45 11.45 11.45 12.45 12.45  25.00 14.42 11.45 

S377 3.50 4.63 2.10 2.80 1.70 2.80 2.20 3.30  

Brighton 
group 

licence 

7.60 3.50 1.69 

X844  11.31 11.50 8.20 8.20 8.20 8.20 9.70 9.70  11.82 11.50 11.31 8.20 

              

Brighton group licence                  104.11   88.87 84.04 

                     

G
ro

un
dw

at
er

 

Total 100.18 129.73 100.88 115.66 89.30 108.52 96.55 115.77  115.93  100.18 92.24 
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WRZ Sussex Worthing Previous Assessments of DO PR09 DO Assumptions 

    PR04 2006 PR09 Baseline PR09 FINAL         Baseline 

Type Name MDO PDO MDO PDO MDO PDO MDO PDO  Ave Annual 
Licence 

Daily 
Licence 

PR04 
ADO 

Calc’d 
PR09 
ADO 

E351 3.55 4.00 3.90 4.00 3.90 4.00 3.90 4.00  4.00 3.55 3.35 

A163  3.13 4.32 4.50 4.50 4.50 4.50 4.50 4.50  4.50 3.13 3.95 

S216 18.00 18.00 13.00 15.50 10.00 11.50 11.00 12.50  22.50 18.00 10.37 

I747 5.29 7.69 9.30 14.00 8.20 12.30 8.20 12.30  25.00 5.29 9.21 

V281 3.00 3.30 2.30 2.80 2.30 2.30 3.05 3.05  4.50 3.00 2.21 

D758 4.29 7.97 6.25 8.68 6.15 8.68 6.15 8.68  11.50 4.29 6.56 

O516 4.46 4.46 4.50 4.50 4.50 4.50 4.50 4.50  13.50 4.46 4.50 

M584 2.31 5.59 4.50 7.00 4.50 7.00 7.00 7.00  7.00 2.31 4.25 

X862 2.00 3.10 2.79 2.90 2.10 2.20 2.10 2.20  9.00 2.00 2.12 

X574 5.55 7.00 7.00 7.00 7.00 7.00 7.00 7.00  7.00 5.55 6.26 

I831 5.00 5.00 5.00 5.00 4.70 5.00 4.70 5.00  

Worthing 
group 

licence 

5.00 5.00 4.77 

                     

Worthing group licence                  71.23   67.89 65.75 

                  

G
ro

un
dw

at
er

 

Total 56.58 70.43 63.04 75.88 57.85 68.98 62.10 70.73   71.23   56.58 57.55 

 



Southern Water 
Final Water Resources Management Plan 
October 2009 

 
 

 Page D-19  
 

 
WRZ Kent Medway Previous Assessments of DO PR09 DO Assumptions 

    PR04 2006 PR09 Baseline PR09 FINAL      Baseline 

Type Name MDO PDO MDO PDO MDO PDO MDO PDO  Ave Annual 
Licence 

Daily 
Licence 

PR04 
ADO 

Calc’d 
PR09 
ADO 

S171 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  5.00 0.00 0.00 

Y445 10.95 11.30 11.70 11.70 11.70 11.70 11.70 11.70  18.00 10.95 11.70 

J516 0.00 4.52 0.00 4.10 0.00 4.05 0.00 4.95  5.00 0.00 0.00 

T454  0.00 4.16 0.00 5.00 0.00 5.00 0.00 5.00  5.00 0.00 0.00 

V482 10.20 15.40 13.60 13.60 13.30 13.30 14.05 14.05  22.00 10.20 13.30 

X652  7.10 7.15 7.00 9.50 6.60 9.50 6.60 9.50  

Faversham 
group 

licence 

10.00 7.10 6.70 

Bapchild 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00 

S271 3.40 5.00 3.40 4.70 3.40 4.65 3.40 4.95  5.00 3.40 3.40 

I585 3.10 3.10 4.00 4.00 4.00 4.00 4.00 4.00  7.00 3.10 4.00 

H674 9.18 9.18 7.00 7.00 4.00 4.00 6.00 6.00  17.00 9.18 4.00 

O878 1.27 1.60 1.30 1.55 1.30 1.53 1.30 1.53  6.00 1.27 1.30 

D871 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  4.00 0.00 0.00 

F871 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  4.00 0.00 0.00 

C552 15.82 19.15 10.50 10.50 10.10 10.20 12.60 12.70  28.00 15.82 10.12 

F364  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  1.50 0.00 0.00 

D284 0.00 3.90 0.00 4.40 0.00 4.33 0.00 4.33  5.00 0.00 0.00 

H358 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  

Sitting-
bourne 
group 

licence 

1.50 0.00 0.00 

N578  3.50 3.80 2.80 2.80 2.80 2.80 3.80 3.80  10.00 3.50 2.80 

B416 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40  3.00 1.40 1.40 

G
ro

un
dw

at
er

 

T314 5.10 5.10 6.30 6.30 6.30 6.30 7.30 7.30  

Chatham 
group 

licence 

15.00 5.10 6.30 



Southern Water 
Final Water Resources Management Plan 
October 2009 

 
 

 Page D-20  
 

WRZ Kent Medway Previous Assessments of DO PR09 DO Assumptions 

    PR04 2006 PR09 Baseline PR09 FINAL      Baseline 

Type Name MDO PDO MDO PDO MDO PDO MDO PDO  Ave Annual 
Licence 

Daily 
Licence 

PR04 
ADO 

Calc’d 
PR09 
ADO 

C815 5.20 5.20 4.60 4.60 4.50 4.50 5.00 5.00  11.00 5.20 4.50 

N366 0.70 0.75 0.00 0.00 0.00 0.00 0.00 0.00  5.00 0.70 0.00 

H685  4.82 5.40 4.20 5.00 2.60 3.00 2.60 3.00  7.00 4.82 2.70 

O555 6.70 6.70 5.10 9.00 4.80 9.00 4.80 9.30  21.00 6.70 4.87 

S355 6.28 7.40 5.60 5.80 5.30 5.75 5.30 5.75  9.00 6.28 5.37 

J273 0.82 0.84 0.73 0.80 0.63 0.66 0.63 0.66  3.00 0.82 0.64 

N322 0.00 0.00 4.80 4.90 4.65 4.80 4.65 4.80  0.00 0.00 4.69 

Q156  3.00 3.00 2.90 2.90 2.90 2.90 2.90 2.90  6.50 3.00 2.90 

W513 1.38 1.58 1.60 1.60 1.60 1.60 1.60 1.60  2.50 1.38 1.60 

V421  8.52 8.74 7.20 7.50 7.00 7.45 8.00 8.45  20.00 8.52 7.05 

E762 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  4.00 0.00 0.00 

V174 2.75 4.00 3.45 3.45 2.80 2.80 2.80 2.80  13.00 2.75 2.80 

O655 0.70 0.80 0.45 0.70 0.45 0.70 0.45 0.70  2.00 0.70 0.45 

C458 0.00 0.00 1.02 3.10 1.02 2.65 1.02 2.65  

Northfleet 
group 

licence 

7.00 0.00 1.02 

I124 6.83 7.88 6.83 7.40 6.83 7.10 6.83 7.10  6.83 9.01 6.83 6.83 

              

Northfleet group licence         31.15 38.31 32.15 39.61  48.49 88.00 30.15 31.39 

Chatham group licence         17.60 18.00 20.10 20.50  25.48 51.00 20.72 17.70 

Sittingbourne group          22.80 28.71 27.30 33.51  40.99 75.50 32.77 22.82 

Faversham group         31.60 43.55 32.35 45.20  36.71 60.00 28.25 31.70 
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WRZ Kent Medway Previous Assessments of DO PR09 DO Assumptions 

    PR04 2006 PR09 Baseline PR09 FINAL      Baseline 

Type Name MDO PDO MDO PDO MDO PDO MDO PDO  Ave Annual 
Licence 

Daily 
Licence 

PR04 
ADO 

Calc’d 
PR09 
ADO 

Total 118.72 147.05 117.48 143.30 109.98 135.67 118.73 145.92  158.50  118.72 110.44 

                              

G457 46.73 47.51 - - 34.60 46.90 34.60 46.90  103.29  46.73 30.90 

                     

S
ur

fa
ce

 
w

at
er

 

Total 46.73 47.51   34.60 46.90 34.60 46.90   103.29   46.73 30.90 

                          

  Total WRZ 165.45 194.56 164.21 190.81 144.58 182.57 153.33 192.82   261.79   165.45 141.34 
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WRZ Kent Thanet Previous Assessments of DO PR09 DO Assumptions 

    PR04 2006 PR09 Baseline PR09 FINAL      Baseline 

Type Name MDO PDO MDO PDO MDO PDO MDO PDO  Ave Annual 
Licence 

Daily 
Licence PR04 ADO Calc’d 

PR09 ADO 

P338 6.03 6.13 2.50 4.50 1.75 4.00 1.75 4.00  14.77 6.03 2.30 

U222 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00 

Q773 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  5.68 0.00 0.00 

F565 1.50 1.50 2.00 2.50 2.00 2.20 2.00 2.20  5.00 1.50 2.05 

M841 5.50 5.50 5.80 5.90 5.80 5.90 5.80 5.90  

Thanet 
group licence 

6.82 5.50 5.82 

Q376 3.00 3.40 4.32 4.32 4.30 4.30 4.30 4.30  6.23 9.09 3.00 4.30 

R168 8.60 9.05 8.85 9.00 8.45 8.85 8.45 8.85  9.34 11.37 8.60 8.55 

G772 1.00 1.25 1.00 1.20 1.00 1.08 1.00 1.08  2.18 2.73 1.00 1.02 

I446 5.50 5.50 6.82 6.82 6.82 6.82 6.82 6.82  6.84 6.82 5.50 6.82 

E161 3.64 4.55 3.64 4.30 3.64 4.30 3.64 4.30  3.64 4.55 3.64 3.64 

A374 4.40 4.40 5.00 5.00 5.00 5.00 5.00 5.00  6.84 6.82 4.40 5.00 

X868 20.00 20.40 13.50 21.50 13.50 17.00 13.50 17.00  25.01 31.82 20.00 14.36 

A853 2.49 2.73 2.49 2.73 2.49 2.73 2.49 2.73  2.49 2.73 2.49 2.49 

                      

Thanet Group licence         9.55 12.10 9.55 12.10  19.87 41.36 13.03 10.18 

                     

G
ro

un
dw

at
er

 

Total 61.66 64.41 52.14 62.88 50.97 57.29 50.97 57.29  82.44  61.66 56.36 

                            

T656 3.26 3.26 - - 3.50 3.50 3.50 3.50  9.21  3.26 4.51 

                    

S
ur

fa
ce

 
w

at
er

 

Total 3.26 3.26   3.5 3.5 3.50 3.50  9.21  3.26 4.51 
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WRZ Kent Thanet Previous Assessments of DO PR09 DO Assumptions 

    PR04 2006 PR09 Baseline PR09 FINAL      Baseline 

Type Name MDO PDO MDO PDO MDO PDO MDO PDO  Ave Annual 
Licence 

Daily 
Licence PR04 ADO Calc’d 

PR09 ADO 

                       

  Total WRZ 64.92 67.67 55.40 66.14 54.47 60.79 54.47 60.79  91.65  64.92 60.87 
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WRZ Sussex Hastings Previous Assessments of DO PR09 DO Assumptions 

    PR04 2006 PR09 Baseline PR09 FINAL     Baseline 

Type Name MDO PDO MDO PDO MDO PDO MDO PDO  
Ave 

Annual 
Licence 

Daily 
Licence PR04 ADO Calc’d  

PR09 ADO 

L832 2.23 3.77 2.00 2.00 1.20 1.50 1.20 1.50  2.27 8.73 2.23 1.27 

A272 0.00 0.00 - - 0.00 0.00 0.00 0.00  0.93 2.27 0.00 0.00 

S556 0.00 0.00 - - 0.00 0.00 0.00 0.00  1.00 1.59 0.00 0.00 

S416 0.61 1.99 0.62 2.00 0.62 2.00 0.62 2.25  0.62 2.55 0.61 0.62 

S638 0.00 0.00 - - 0.00 0.00 0.00 0.00  0.06 0.07 0.00 0.00 

                     

G
ro

un
dw

at
er

 

Total 2.84 5.76 2.62 4.00 1.82 3.50 1.82 3.75  4.88  2.84 1.89 

                         

G587 15.72 23.11 - - 34.4 33.5 34.40 33.5  34.00 15.72 35.40 

O451 4.21 10.82 - - 4.26 9.35 4.26 9.35  
30.66 

10.91 4.21 2.68 

                    

S
ur

fa
ce

 w
at

er
 

Total 19.93 33.93   38.66 42.85 38.66 42.85  30.66    19.93 38.08 

                         

  Total WRZ 22.77 39.69 22.55 37.93 40.48 46.35 40.48 46.60  35.54  22.77 39.97 
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D.2 Process Losses 

Southern Water have reviewed the process and operational losses from all their Water Supply Works. 
The results of this review are presented below.  

 
TREATMENT WORKS OPERATIONAL USE
SURFACE WATER TREATMENT

Name of Works Process Process
Fixed Variable Fixed Variable Fixed Variable Notes Loss Loss

Losses Losses Losses Losses Losses Losses at MDO at PDO
Ml/d % Ml/d % Ml/d % Ml/d Ml/d

Isle of Wight

Sandown 1.18 0.5% 0.5%

Assumed time based backwash independent of throughput.  PR04 scheme to include 
process loss recovery for completion 31/03/08.  Sludge to be dewatered and thickened 
sludge to sewer.  Assume sludge at 2% and raw water and initial solids at 50mg/l

0.05 0.06

Total 0.05 0.06

Hampshire South

Testwood 1.36 1.7 1.36 1.7% 0 0.5%
Apply to total output, including Esso and Island volume.  PR09 scheme to include process 
loss recovery. FWMRP: scheme completed by March 2013 0.22 0.22

Otterbourne SW 1.1 1.7 0.1% 0.1%
Wastewater recovery now installed.  Data show .6m3/hr sludge to waste.  Allowing for 
outage estimate at 0.1% to waste 0.11 0.11

Total 0.33 0.33

Hampshire Andover

Hampshire Kingsclere

Sussex North
Hardham High 0.8 0.5% 0.5% 0.04 0.04

Weir Wood 0.52 0.9 0.5% 0.5%

Include supply to S.E. water in variable loss calculation.  Sludge plant refurbished as part 
of Weir Wood scheme.  Completion 31/03/08. Note: PDO is demand constrained, so no 
process loss

0.04 0.00

Total 0.08 0.04

Sussex Worthing

Sussex Brighton

Sussex Hastings

Beauport 0.8 1.0% 1.0%
Additional processes increase losses.  Not reducible without large capex and overcome of 
disposal constraints to environment 0.19 0.23

Brede 0.8 1.0% 1.0%
Additional processes increase losses.  Not reducible without large capex and overcome of 
disposal constraints to environment 0.15 0.15

Total 0.34 0.38

Kent Medway
Burham 0.8 0.5% 0.5% Recycling installed.  Include Mid Kent supply in variable loss calculation 0.15 0.15

Total 0.15 0.15

Kent Thanet

Plucks Gutter 5.5 5.5% 5.5%

Based on 200 cu.m. per unit.  Assume that new plant for PR09 will include process 
recovery after date of completion according to WRMP need. FWRMP: might change but 
unlikely to be funded.  Use Current rather than Proposed values (MP, Nov 08)

0.19 0.19

Total 0.19 0.19

CurrentPR04 FWRMP
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TREATMENT WORKS OPERATIONAL USE
GROUNDWATER WORKS - DISINFECTION PROCESS ONLY

PR04 Current PR09 FWRMP CRIT Cond Turbidity Plumbo Nitrate Other Comments
Ml/d 0.01 0.01 0.01 0.01 0.01

ISLAND
Carisbrooke 0.043 0.05 0.05 0.05 1 3 1
Bowcombe 0.01 0.02 0.02 0.02 1 1
Chillerton 0.01 0.02 0.02 0.02 1 1
Ventnor 0.01 0.03 0.03 0.03 1 1 1
St Lawrence 0.001 0.03 0.03 0.03 1 1 1
Calbourne 0.003 0.03 0.03 0.03 1 1 1
Shalcombe 0.005 0.03 0.03 0.03 1 1 1
Niton 0.005 0.03 0.03 0.03 1 1 1
Total 0.087 0.24 0.24 0.24

HAMPSHIRE SOUTH 
Timsbury 0.01 0.03 0.03 0.03 1 1 1
Twyford 0.01 0.04 0.04 0.04 1 1 1 1
Twyford Moors 0.01 0.03 0.03 0.03 1 1 1
Easton 0.01 0.02 0.02 0.02 1 1
Totford 0.01 0.03 0.03 0.03 1 1 1
Barton Stacey 0.01 0.02 0.02 0.02 1 1
Total 0.06 0.17 0.17 0.17

HAMPSHIRE ANDOVER
Horsebridge 0.01 0.02 0.02 0.02 1 1
Chilbolton 0.01 0.02 0.02 0.02 1 1
Whitchurch 0.01 0.02 0.02 0.02 1 1
Ibthorpe 0.01 0.02 0.02 0.02 1 1
Faberstown 0.01 0.03 0.03 0.03 1 1 1
Total 0.05 0.11 0.11 0.11

HAMPSHIRE KINGSCLERE
Kingsclere 0.01 0.02 0.02 0.02 1 1
Woodhay 0.01 0.02 0.02 0.02 1 1
Total 0.02 0.04 0.04 0.04

SUSSEX NORTH
Steyning 0.02 0.03 0.03 0.03 1 1 1
Lodsworth 0.02 0.02 0.02 0.02 1 1
Total 0.04 0.05 0.05 0.05

SUSSEX WORTHING
Angmering 0.01 0.02 0.02 0.02 1 1
Clapham 0.02 0.02 0.02 0.02 1 1
Patching 0.01 0.03 0.03 0.03 1 1 1
Stanhope Lodge 0.01 0.03 0.03 0.03 1 1 1
Total 0.05 0.1 0.1 0.1

SUSSEX BRIGHTON
Newmarket 0.01 0.06 0.06 0.06 2 3 1
Shoreham 0.02 0.04 0.04 0.04 1 1 1 1
Mile Oak 0.01 0.03 0.03 0.03 1 1 1
Goldstone 0.01 0.04 0.04 0.04 1 1 1 1 Nitrate process losses ignored as 

unlikely to be in service at times of 
Housedean 0.01 0.03 0.03 0.03 1 1 1
Mossy Bottom 0.01 0.04 0.04 0.04 1 1 1 1
Southover 0.01 0.03 0.03 0.03 1 1 1
Balsdean 0.01 0.04 0.04 0.04 1 1 1 1
Total 0.09 0.31 0.31 0.31  
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PR04 Current PR09 FWRMP CRIT Cond Turbidity Plumbo Nitrate Other Comments
Ml/d 0.01 0.01 0.01 0.01 0.01

SUSSEX HASTINGS
Total 0 0 0 0

KENT MEDWAY
Northfleet Chalk 0.01 0.04 0.04 0.04 2 1 1
Hazells 0.01 0.02 0.02 0.02 1 1
Higham 0.01 0.02 0.02 0.02 1 1
Three Crutches 0.01 0.02 0.02 0.02 1 1
Strood 0.01 0.03 0.03 0.03 2 1
Cuxton 0.01 0.04 0.04 0.04 1 3
Lower Bush (in Cuxton) 0.01 0.05 0.05 0.05 1 1 2 1 Organics plus nitrate
Fawkham 0.01 0.04 0.04 0.058 2 2 1 0.008 scheme by 2012
Nashenden 0.01 0.04 0.04 0.04 1 1 2
Snodhurst 0.01 0.02 0.02 0.02 1 1
Luton 0.01 0.05 0.05 0.05 2 2 1
Capstone Chalk             ) 0 0 0 0 Treated at Luton
Capstone Greensand     ) 0.01 0 0 0 Treated at Luton
Rainham Mark 0.01 0.02 0.02 0.02 1 1
Keycol 0.01 0.04 0.04 0.04 2 1 1
Highsted 0.01 0.03 0.03 0.03 2 1
Matts Hill 0.02 0.05 0.05 0.075 2 4 1 0.005 by JR10/AMP4
Gore 0.01 0.02 0.02 0.02 1 1
Danaway 0.01 0.02 0.02 0.02 1 1
Trundle Wood 0.01 0.03 0.03 0.03 2 1 Treated at Bottom Pond
Belmont 0.01 0.04 0.04 0.04 4 Treatment at Eastling
Throwley 0.01 0.04 0.04 0.04 4 Treatment at Eastling
Selling 0.02 0.06 0.06 0.06 1 5 Treatment at Eastling
Hockley Hole 0.01 0.01 0.01 1 Treatment at Eastling
Kettle Hill 0 0.03 0.03 0.03 3 Treatment at Eastling
Eastling 0.01 0.04 0.04 0.04 1 2 1
Total 0.25 0.8 0.8 0.843

KENT THANET
Rumfields 0.01 0.02 0.02 0.02 1 1 Assumed chlorination only, when return
Sparrow Castle 0.01 0.03 0.03 0.03 1 1 1
Minster B 0.01 0.02 0.02 0.02 1 1
Flemings 0.01 0.02 0.02 0.02 1 1
Woodnesborough 0.01 0.02 0.02 0.02 1 1
Wingham 0.01 0.03 0.03 0.03 1 1 1
Martin Mill 0.01 0.03 0.03 0.03 1 1 1
Deal 0.01 0.03 0.03 0.03 1 1 1
Martin Gorse 0.01 0.02 0.02 0.02 1 1
Sutton 0.01 0.02 0.02 0.02 1 1
Ringwould 0.01 0.03 0.03 0.03 1 1 1
Total 0.11 0.27 0.27 0.27

General Note
Increases in flow to waste due to increase in instrumentation at GW sources.   
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TREATMENT WORKS OPERATIONAL USE
GROUNDWATER WORKS - DISINFECTION AND ADDITIONAL PROCESSES

PR04 Current PR09 FWRMP CRIT Cond Turbidity Plumbo Other Comments
Ml/d Ml/d 0.01 0.01 0.01 0.01

ISLAND
Knighton 0.17 0.17 0.17 0.17 1 1 See details in folder D1, for Iron removal plus others
Niton 0.01 0.03 0.03 0.03 1 1 0.010 Nitrate monitor.  No GAC backwash
Total 0.18 0.20 0.20 0.20

HAMPSHIRE SOUTH 
Overton

0.01 0.03 0.03 0.03 1 1 1 0.002
GAC plant.  Backwash 45l/sec for 10 min each 28 
days, 2 filters

Otterbourne GW 0.00 0.65 0.65 0.65 0.650 Microfiltration
Total 0.01 0.68 0.68 0.68

HAMPSHIRE ANDOVER

Andover 0.01 0.02 0.02 0.02 1 1 0.003
GAC plant.  Backwash 45l/sec for 10 min each 28 
days, 3 filters

Total 0.01 0.02 0.02 0.02

HAMPSHIRE KINGSCLERE
Total 0.00 0.00 0.00 0.00

SUSSEX NORTH
Haslingbourne 0.02 0.04 0.04 0.04 1 1 1 0.006 Pressure filter backwash @ 6cu.m. per day
Rogate 0.04 0.07 0.07 0.07 3 2 0.018 Filter wash at 18 cu.m. per day
Smock Alley

0.20 0.20 0.20 0.20 0.200
Filter washing at 200cu.m. per day.  Instrument water 
is recycled

Total 0.26 0.30 0.30 0.30

SUSSEX WORTHING
Madehurst

0.07 0.08 0.08 0.08 1 1 1 1 0.040
Pressure filter backwash.  7 filters backwash at 
40cu.m. each week.

Burpham
0.15 0.16 0.16 0.16 2 1 11 1 0.005

Pressure filter backwash.  9 filters backwash with 
1cu.m. each 40 hrs.

Findon
0.05 0.07 0.07 0.07 1 2 1 0.029

5 pressure filters backwash with 40 cu.m. once per 
week.

Broadwater
0.01 0.05 0.05 0.05 3 1 1 0.005

GAC plant.  Backwash 5 shells at 27cu.m. each 30 
days 

Northbrook
n/a 0.10 0.10 0.10 1 2 5 1 0.008

Assume future use as 2 shells at 27cu.m. washed 
weekly

Sompting
0.02 0.04 0.04 0.04 1 1 1 1 0.004

GAC plant.  Backwash 4 shells at 27cu.m. each 30 
days 

Total 0.30 0.50 0.50 0.50

SUSSEX BRIGHTON
Falmer

0.02 0.04 0.04 0.04 1 1 1 0.005
GAC plant.  Backwash 1 shells at 72cu.m. each 14 
days 

Patcham
0.01 0.03 0.03 0.03 1 1 1 0.004

GAC plant.  Backwash 4 shells at 27cu.m. each 30 
days 

Lewes Road
0.01 0.03 0.03 0.03 1 1 1 0.003

GAC plant.  Backwash 1 shells at 43cu.m. each 14 
days 

Arundel
0.01 0.09 0.09 0.09 2 3 1 0.030

Microfiltration Plant assumed at 5% pending 
confirmation

Total 0.05 0.19 0.19 0.19

SUSSEX HASTINGS
Total 0.00 0.00 0.00 0.00

KENT MEDWAY
Luddesdown Chalk 0.00 0.03 0.03 0.03 1 1 1
Luddesdown  Greensand 0.04 0.03 0.03 0.03 1 0.018 Iron removal as Rogate plant
Windmill Hill

n/a 0.15 0.15 0.15 1 3 2 1 0.075
Nitrate removal plant plus GAC,plus hydro and 
2xnitrate monitors 

Total 0.04 0.20 0.20 0.20

KENT THANET
Lord of Manor/Whitehall 0.13 0.15 0.15 0.15 1 1 1 0.120 Nitrate removal plant.  Based on output of 4.5 Ml/d
Total 0.13 0.15 0.15 0.15  
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D.3 Outage 

Outage is defined as a temporary loss of deployable output (UKWIR 1995). Each outage event at any 
given source is thus limited to a maximum of 90 consecutive days to meet the ‘temporary’ status of the 
outage event. Where a source suffers an outage event lasting longer than 90 days it is considered to 
be out of service (rather than having an outage) until it can be re-introduced. 

The total outage allowances for each WRZ used for the PR04 regulatory submission was based on the  
pragmatic approach as the lower of either the average groundwater source MDO / PDO within the 
zone or 5 Ml/d. The outage allowances that were thus used in the PR04 Water Resources Plan are 
presented below. 

 
 PR04  

MDO/ Average 
PR04  
Peak 

Hampshire Andover 2.0 2.0 

Hampshire Kingsclere 1.0 1.0 

Hampshire South 5.0 5.0 

Isle of Wight 3.2 3.2 

Kent Medway 5.0 5.0 

Kent Thanet 5.0 5.0 

Sussex Hastings 1.1 1.1 

Sussex North 2.0 3.0 

Sussex Coast 5.0 5.0 

SWS Total 29.3 30.3 
Table D.1 Outage Allowances Used in PR04 WRP 

 

D.3.1 Approach to PR09 Outage Re-assessment 
An assessment of outage can be carried out based on estimates of duration, frequency and 
magnitude for each outage event for each source within the supply area. However, it was not possible 
to do this given the relatively short datasets available, therefore, the approach adopted was to 
calculate the total outage in each WRZ on each day for which data was available. This was achieved 
using data which described whether a source was operating or not on any given day, together with the 
deployable output of the source (using the best estimate of source deployable output at the time of 
assessment).  

On any given day it is possible to have more than one outage event in a WRZ. It is therefore 
considered to be prudent to make allowances for potential outages arising from combinations of 
simultaneous outage events in a WRZ – i.e. where more than one outage event occurred in each WRZ 
simultaneously on any given day. 

The critical MDO period is generally considered to last for approximately two months (e.g. October to 
November), although it can last longer. Therefore, to assess outage affecting the MDO period (which 
was also assumed to apply to the annual average period), the rolling 60 day average of the daily total 
outage volumes in a given WRZ was derived.  This effectively determined the average outage 
condition that might be expected during the two month MDO period.  The approach assumes that 
outages are random events which can occur at any time during the year, and so are equally likely to 
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occur during the MDO period as in the rest of the year. It is therefore considered applicable to use a 
rolling average for the whole data period to estimate the MDO outage. 

A similar approach was used for assessing PDO outage. However, in this case the rolling 7 day 
average of the daily outage volumes was used. Ideally, planned outage events should be excluded 
from the analysis. However, historic data did not always distinguish between planned and unplanned 
outages, so this approach was not possible. Outages are assumed to occur randomly, and therefore 
deemed to have the same probability of occurring during the peak period as in the whole year. 

This assessment enabled a cumulative distribution function of outage events to be developed for the 
60-day rolling average scenario and for the 7-day rolling average scenario. These cumulative 
distribution functions were subsequently used to derive percentiles of certainty for the outage 
allowances.  

In order to derive an outage value for each WRZ, it is necessary to define the appropriate outage 
percentile. However, the number of groundwater sources varies significantly between WRZs. In WRZs 
with few groundwater sources an outage event at one source could result in a significant loss of supply 
within that zone – i.e. an outage event could present a high risk to the company’s ability to meet 
demand in that zone. Therefore, it is prudent for the outage percentile to be relatively high for planning 
purposes. Conversely, in WRZs with a large number of sources, the supply risk from an outage at one 
source is likely to be low, and therefore it is considered reasonable to accept a lower outage percentile 
when determining the outage allowance. 

A pragmatic approach was developed to aid percentile choice based on the number of groundwater 
sources in each zone. The assumed relationship between number of groundwater sources in the WRZ 
and the appropriate outage percentile is presented in Figure D.1. 
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Figure D.1: Relationship of Percentile Outage Allowance to Number of Groundwater 
Sources for Planning Purposes 
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D.3.2 Results of Outage Re-assessment 
A risk-based approach to the calculation of outage has been adopted for this re-assessment. The 
outage allowance for each WRZ, based on the methodology outline above, is presented in the table 
below. 

 
Outage Allowance (Ml/d) 

Area WRZ Percentile Used 
MDO PDO 

IoW Not used 1.93 2.34 
HS 94% 4.59 6.54 
HK 99% 0.77 1.49 
HA 92% 1.52 2.44 W

es
te

rn
 

Total - 8.81 12.80 
SN 90% 2.34 2.30 
SW 87% 3.07 4.39 
SB 85% 3.63 5.18 C

en
tra

l 

Total - 9.04 11.87 
SH 96% 1.62 3.94 
KM 54% 4.06 5.90 
KT 78% 3.62 4.64 E

as
te

rn
 

Total - 9.29 14.48 
Company total - 27.15 39.16 

Table D.2 Summary of Outage Allowances by WRZ 

Outage events have not been observed at surface water sources in recent years, hence the estimates 
presented in Table D.2 are based on groundwater outage events only, with the sole exception of 
Sussex Hastings where estimates take into account known outages to surface water sources.  

Periods of analysis for each WRZ have varied depending on the availability of historic data. In the 
Sussex Hastings WRZ for example, there have been no recorded outage events since 2001, and so 
values are based on data from 1992-2000. For the Hampshire Andover and Hampshire Kingsclere 
WRZs, there have been very few outage events during the period under consideration, so the 
calculated figures are based on the Sussex Coast cumulative distribution function, but with the 
percentile calculated using the number of groundwater sources in each WRZ.  

For the Isle of Wight WRZ, the previous pragmatic approach was followed because the calculated 
outage value was considered to be high, especially at peak, and does not reflect recent operational 
practice. Thus, it is calculated as the average of the MDO and PDO groundwater deployable outputs.  

Sussex Coast WRZ has been split into two new WRZs for this WRMP: Sussex Brighton and Sussex 
Worthing. However, historic data is only available for the Sussex Coast WRZ as a whole. The outage 
allowances for the two new zones is therefore based on that of the former Sussex Coast WRZ but 
apportioned according to the number of groundwater sources in each zone. 

 

D.3.3 References 
UKWIR, (1995), Outage Allowances for Water Resources Planning 
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D.4 Sustainability Reductions 

Southern Water received three letters from the Environment Agency regarding proposed Sustainability 
Reductions: 

♦ Water Resource Planning & Restoring Sustainable Abstractions, 21 March 2007; 

♦ Sustainability Reductions for Statutory Water Resources Plans, 11 June 2007; 

♦ PR09 National Environment Programme, 28 November 2008. 

 

These are reproduced below. 
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D.5 Climate Change Impact on Supplies 

This section summarises the climate change impacts that have been incorporated in the supply side of 
Southern Water’s Water Resources Management Plan (WRMP).  Further details on the analysis for 
surface water and for groundwater sources are given in the summary deployable output reports 
(Atkins 2008 and Atkins 2009).   The impacts of climate change on demand are presented in Appendix 
E.3.   

D.5.1 Method Used in Assessing Surface Water Impacts 
The following surface water sources were assessed: 

♦ Western Area: 
• Eastern Yar; 
• Test; and 
• Itchen. 

♦ Sussex North: 
• Western Rother; 
• Arun; and 
• Weir Wood. 

♦ East Sussex and Kent: 
• Inflow at Bewl Reservoir; 
• Brede; 
• Inflow at Darwell Reservoir; 
• Medway; 
• Inflow to Powdermill Reservoir; 
• Rother; and 
• Teise. 

 

D.5.1.1 Western Area 

Output from the improved Test and Itchen Groundwater Model for the “standard period” (1970 to 2002) 
was used by the Agency for its investigations for the Habitats Directive Stage 4 Review of Consents.  
The same model was used as one of the case studies for the recent UKWIR work (UKWIR, 2007b), 
but used the period 1965 to 2005.  The flow time series from the groundwater model were then used 
to assess whether climate change impacts would reduce the deployable output from these run-of-river 
sources. 

The results for the River Test suggest that the impacts of climate change would not be sufficient to 
cause abstraction to be constrained by the existing MRF, and therefore the impact on deployable 
output is zero.  At present there is no MRF constraint on abstraction from the Lower Itchen sources – 
the analysis suggests that there would still be sufficient water in the river to allow abstraction to 
continue at the licensed rate, and therefore the impact on deployable output is zero.  However, the 
residual flow in the Itchen would be less than the Minimum Residual Flow proposed by the Agency 
following the Habitats Directive Stage 4 Review of Consents. 

For Sandown WSW, on the Isle of Wight, a rainfall-runoff model of the Eastern Yar has been used to 
provide a naturalised flow sequence, which is then used as input to the augmentation scheme model.  
As the low-flow regime at Sandown WSW is strongly influenced by the groundwater augmentation 
scheme and the order in which the augmentation boreholes are operated, a flow factor approach 
(UKWIR method 1b) has been applied to the baseline sequence, and the perturbed outputs input to 
the augmentation scheme model to provide climate change perturbed and augmented flows. 
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D.5.1.2 Central and Eastern Areas 

The Sussex North and East Sussex and Kent catchments were assessed using the RR1 method of 
UKWIR (2006a).  This is the simplest of the rainfall-runoff methods and involves using rainfall and PET 
factors from several climate models created by institutions in Canada, USA, Germany, Japan, 
Australia and the UK.  These factors, provided by HR Wallingford in relation to the UKWIR CL/04/C 
project (UKWIR, 2007a), were created from model output based on the A2 SRES scenario.  This 
scenario describes a very heterogeneous world where economic development is primarily regionally 
oriented and per capita economic growth and technological change are fragmented (Hulme et al., 
2002).  

In addition to the six GCM-based factors, three emissions scenarios (Low, Medium and High) of the 
Hadley Centre Regional Climate Model (RCM) were also used to create three additional factors.  The 
method used therefore considered GCM uncertainty (the largest source of uncertainty in the 2020s; 
UKWIR, 2005), natural variability and also a limited assessment of downscaling uncertainty (dynamic 
only) from the RCM factors. 

Long-term records of areal rainfall and PET had been established for the catchments using standard 
hindcasting and spatial interpolation approaches.  This yielded rainfall back to 1888 (daily) and PET 
back to 1880.  Overall this provided a consistent record of baseline climate data from 1888 onwards, 
with a nominal end date of 1990 (after which it is commonly assumed that climate change can affect 
the record).  Perturbed future climate series were then produced by multiplying the baseline record by 
the rainfall and PET factors.  The resulting rainfall and PET timeseries were then formatted ready for 
input to Catchmod (Catchmod is a lumped rainfall runoff model which takes inputs of rainfall and PET 
and outputs flow; Miser is then used to calculate deployable output). 

The latest fully calibrated and validated version of Catchmod was used to model the baseline and 
climate change scenarios.  No adjustments were made to parameters to account for possible impacts 
on land use or soil characteristics, as there was no information available on which to base estimates of 
potential changes in behavioural parameter sets (UKWIR, 2006b).  No adjustments were made to 
abstractions or discharges (all at zero anyway, i.e. naturalised) i.e. an assumption was made for the 
purposes of the investigations that there will be no climate-induced changes in abstractions or 
discharges.  For the climate change investigations, all starting conditions were set to zero and the 
warm-up period to 1460 days to allow for a full warm-up from a ‘cold’ start.  

Ignoring the first 4 model warm-up years, a perturbed record of 99 years was produced for each 
climate change scenario.  These records represent the climate of the 2020s, the GCM model timeslice 
of the 30 year period from 2011 to 2040.  The additional years (69 in this case, following warm-up) 
provided a more robust estimate of natural variability and reduces this uncertainty.  However, this 
method does not provide for different sequencing of events or for changes in natural variability caused 
by climate change.  These problems could be overcome using more advanced methods e.g. statistical 
downscaling, stochastic weather generation or re-sampling of the historic meteorological series.  

Output from each Catchmod run was imported into a single spreadsheet for each catchment, to allow 
production of hydrographs, volumetric curves, flow duration curves and associated statistics. Results 
for each catchment were discussed in individual summary reports. 

 

D.5.2 Method Used in Assessing Groundwater Impacts 
The simplest approach to estimating future performance of sources under new climatic conditions, as 
predicted by GCMs, is to apply change (or perturbation) factors to recent weather sequences and 
examine the consequences for groundwater levels and source outputs.  The last few decades 
(specifically 1970 to 2007), for which reasonable rainfall and PE data are available, are taken to 
represent a typical sequence of drought and non-drought events within the current climate conditions. 
Current climate conditions are conventionally based on the last three complete decades (i.e. at 
present 1970 to 2000).  The climate perturbation factors describe the difference between baseline 
climate and future climate (in this case the 2020s, the average climate of the period from 2011 to 2040, 
and approximately representative of the mid-2020s) as percentage change to monthly rainfall and PE.  

Note that the baseline climate used in generating climate change scenarios is 1961 to 1990, with 
climate post-1990 generally assumed to be (increasingly) influenced by climate change.  This 
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assumption is relaxed here in favour of using the best data and model calibration period.  The current 
deployable outputs are assumed to capture the present situation as monitored during recent (1990-
2006) droughts.  In applying the predicted water level impact to the current drought curve/deployable 
output assessment, it is assumed that baseline deployable output is unaffected by climate change.  
However, with climate change effects usually assumed to have started in 1990, deployable outputs 
based on data from say 1997 will already include some climate change effect.  The analysis therefore 
results in an element of double-counting.  (Excluding 1990-2007 data would allow little information for 
baseline deployable output assessments.)  However, given that the cumulative climate change effect 
by 1997 would be small and that droughts of similar severity to 1997 are known to have occurred in 
the pre-climate change period (e.g. 1973), the approach is considered reasonable, particularly given 
uncertainties elsewhere in the method. 

By applying the change factors to the historic 1970-2007 meteorological data and re-estimating water 
levels and source outputs, the situation through the historic sequence of droughts and non-droughts in 
the future climate can be estimated. 

For the assessment there are three key steps. Having derived the new rainfall and PE datasets, the 
approach is the same as for the severe drought analysis: 

 
♦ Derivation of new meteorological data – new rainfall and PE data, appropriate to each 

resource area, are required for each climate scenario under test.  These are derived 
from analysis of GCM outputs.  In most areas, analysis has been carried for only three 
of the GCMs, representing dry, medium and wet conditions; 

♦ Estimate changes in drought groundwater level – groundwater models / recharge 
models / regression models, as available for each area, have been used with the 
perturbed rainfall and PE to estimate groundwater levels at each SWS borehole.  The 
difference in drought water level between each climate scenario and a baseline run 
has been calculated for each groundwater source; and 

♦ Re-assessment of deployable output – the effects of the calculated changes in 
groundwater level on source deployable output, under average and peak demand 
conditions, are estimated from the relationship between drought curves and output 
constraints in the existing deployable output assessments.  The climate change 
impacts have been applied to the severe drought deployable outputs (not to the 
baseline deployable outputs). 

 

D.5.3 Differences in the Method Used Compared with that of the 
Environment Agency Supplementary Guidance 

Much of the detailed impact assessment, which formed part of the AMP4 Water Resources 
Investigations, was completed before the Environment Agency published its draft Supplementary 
Guidance on Climate Change in July 2007; further updates to the guidance, which are essentially the 
same as the draft, were published in November 2007 and November 2008.   The guidance states that 
the best approach is to use catchment or groundwater models and where not available flow or 
recharge factors should be applied to historic flow or recharge series.  This approach has been 
followed. 

The guidance draws on outputs from the UKWIR project CL/04/C, which includes the UKWIR06 
scenarios.  However, the guidance uses information provided by the scenarios in a way not intended 
by the UKWIR project and which are less coherent and defensible scientifically.  For the reasons given 
below it was recommended that the guidance on the selection of scenarios was inappropriate and 
should not be followed.   

The construction of 'mid', 'wet' and 'dry' scenarios in the Environment Agency guidance (Section 2.2.2) 
provides a sensitivity test only and while apparently conceptually intuitive there are problems with the 
detail which may result in unrealistically large uncertainties (and therefore headroom uncertainty). The 
problems are two-fold: firstly, the standard deviations produced are large because of the big 
differences between models; secondly, the method suggests coupling of low rainfall factors to high 
PET factors and high rainfall factors to low PET factors. The first problem leads to sensitivity factors 
which are large and sometimes beyond the range of individual models (once subtracted or added to 
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the means as appropriate). The second problem leads to couplings that are not reflected by the 
models - a comparison of rainfall and PET factors is very noisy due to monthly variation, but if anything 
there is a trend for coupling of higher rainfall factors / higher PET factors. The combined effect of these 
two problems is a very large sensitivity envelope - much larger than the model envelope - and 
potentially unrealistic physically.  

In comments back to the Environment Agency (via the company and Water UK) on the original 
guidance it was recommended that actual model output was used, as in the AMP4 Water Resources 
Investigations.  Alternatively, the low and high factors could be based on 0.5 of a standard deviation 
and / or a more realistic coupling of rainfall and PET.  The updated guidance states that outliers results 
could be excluded, but there is no hydrological or climatological basis for doing this. 

In relation to baseline period (Section 3.1) there is no recommendation with regards to a cut-off with 
respect to climate change influence. The UKWIR06 factors are based on differences between the 
2020s (2011-2040) and the 1970s (1961-1990). Applying factors to data post-1990 could lead to over 
estimation of the impacts of climate change and while this is less of a problem for the early 1990s, 
continuing to apply factors to more recent data is questionable. Although trends in river flows may not 
detect climate change signals yet (and for a few decades), other indicators - particularly those related 
to temperature - suggest that the climate variation is now moving beyond that due to natural variability 
alone.  In comments back to the Environment Agency (via the company and Water UK) on the original 
guidance it was recommended that a cut-off of 1990 was applied, with some thoughts on use of post-
1990 data where little other data exists.  In the AMP4 WRI a cut-off of 1990 was applied, although this 
may not be feasible for groundwater assessments e.g. where deployable output is based on a more 
recent drought. 

In terms of interpolation (Section 4.1) the use of two different scale factors can lead to a higher 
reduction in deployable output in the first period than in the second period (as in Example 5), which is 
unrealistic (under climate change you would anticipate an increasing rate of deployable output 
reduction, or at least a constant linear rate in the short-term). This situation occurs if current 
deployable output is greater than the value obtained from a linear extrapolation between 1975 and 
2025 and can be accentuated by assuming that deployable output remains at the current value until 
2010-11. In comments back to the Environment Agency (via the company and Water UK) on the 
original guidance it was recommended that one linear scale factor is used either based on true 
baseline deployable output and interpolated over 50 years or based on current deployable output and 
interpolated between now and 2025 (a linear approximation being a good enough approximation for 
the short-term).  In the Southern Water AMP4 Water Resources Investigations, no interpolation factor 
was used as the timing of investment was less critical than the overall impact.  For PR09 a single 
linear factor has been used.  

The approach adopted for PR09 will in any case need to be reviewed and if necessary revised in the 
light of the UKCP09 climate change scenarios and any updated guidance from UKWIR and/or the 
Environment Agency. 

D.5.4 Results: Surface Waters 

D.5.4.1 Impact on Hydrology 

Patterns seen across all catchment assessments include substantial reduction in surface flows 
compared to the baseline in the summer months, becoming more pronounced in later summer, and an 
increase in flows in winter months.  Comparatively, spring and autumn flows were not seen to be 
affected considerably.  Total annual flows were increased under two GCMs, remained much the same 
under three, and were substantially reduced under one (the German model, ECHAM4).  All three 
scenarios of the RCM produced reduced total annual flows.  Flow duration curves showed the most 
obvious reduction in flow was under low flow conditions, while high flow conditions remained similar to 
the baseline.  The findings of this study appear to be consistent with those of Hulme et al. (2002), thus 
supporting the accuracy of the results.  Results for each catchment were discussed in individual 
summary reports.  A summary of the results is given in Table D.3. 
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MDO reduction (Ml/d) PDO reduction (Ml/d) 

Headroom Headroom WRZ 
Min Most 

Likely 
Max Min Most 

Likely 
Max 

Isle of Wight 0.0 0.0 0.0 1.40 2.09 2.77 

Hants South 0.0 0.0 0.0 0.0 0.0 0.0 

Sussex North 0.0 0.0 0.0 0.0 0.0 0.0 

Kent Medway 4.57 8.46 13.16 10.61 17.68 24.51 

Sussex Hastings 2.71 5.02 6.90 3.41 5.68 7.83 
Table D.3 Reduction in Surface Water Deployable Output due to Climate Change by the 
mid-2020s 

Note that if the proposed Habitats Directive Sustainability Reductions are imposed in full, there will be 
significant reductions in deployable output; some further reductions are likely under climate change. 

D.5.4.2 Final Application of Climate Change with regards to Deployable Output and 
Headroom 

It is recommended that the middle model is used as the central reduction in deployable output, with 
the maximum and minimum models providing the bounds for headroom using a triangular distribution 
for simplicity.  Impacts on deployable output and headroom limits will be interpolated linearly, as 
discussed above, providing an incremental impact and increase in headroom over the planning period. 

D.5.5 Results: Groundwater 
Given the current uncertainty around climate change groundwater impacts, effects are included within 
Headroom and in calculating net deployable output.  A summary of the results for each WRZ (reported 
in full in Atkins 2009) is given in Table D.4. 

 
MDO Reduction (Ml/d) PDO Reduction (Ml/d) 

Headroom Headroom WRZ 
Min Most 

Likely 
Max Min Most 

Likely 
Max 

Isle of Wight -0.07 0.08 0.29 -0.06 0.09 0.31 

Hants South -1.25 0.00 1.50 -1.10 0.05 2.05 

Hants Andover -0.04 -0.01 0.02 -0.04 0.00 0.04 

Hants Kingsclere 0.00 0.00 0.00 0.00 0.00 0.00 

Sussex North -0.05 0.03 0.05 -0.05 0.03 0.05 

Sussex Worthing -0.69 0.18 0.69 -0.92 0.23 0.92 

Sussex Brighton -1.54 0.39 1.54 -0.95 0.24 0.95 

Kent Medway 0.00 3.89 6.43 0.00 2.71 5.92 

Kent Thanet -1.20 2.58 6.00 -3.09 3.28 10.03 

Sussex Hastings -0.10 0.20 0.40 -0.10 0.25 0.50 
Table D.4 Impact of Climate Change on Groundwater Deployable Output by the mid-2020s 
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D.5.6 Recommendations 
The impacts of climate change on surface water and groundwater sources have been assessed using 
existing climate change data and methodologies.  Following release of the UKCP09 scenarios, it is 
expected that there will be a period of review, interpretation and analysis.  In the fullness of time new 
guidance and methodologies may be issued. 

The work undertaken for this WRMP provides a good starting point for from which the UKCP09 
scenarios can be applied.  
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Appendix E:  DEMAND  
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E.1 Demand Scenarios 

The WRMP presents demand forecasts for a range of design scenarios which are specified in the 
Environment Agency’s WRMP guidance. The required scenarios are: 

♦ Normal Year Annual Average demands (NYAA) – developed by normalising the 
base year (2007-08), where necessary, to compensate for the influence of weather 
and demand restrictions. The idea is to derive estimates of demand that would occur 
under ‘normal’ conditions; 

♦ Dry Year Annual Average demands (DYAA) – the annual average demand in a 
year with low rainfall, but without any demand restrictions in place. This demand is 
used with the Average Deployable Output (ADO) supply scenarios; 

♦ Dry Year Critical Period demands (DYCP) – a scenario to look at the peak week 
demand during summer in a dry year. Peak week demand is the average daily value 
in the seven day period for which the largest demand is seen. This demand is used 
with the Peak Deployable Output (PDO) supply scenarios; and 

♦ Dry Year MDO demand (MDO) – the autumn demand in a dry year. Autumn is the 
period when ground water levels and river flows are generally at their lowest and 
sources are operating close to their minimum Deployable Outputs (MDO). Whilst 
demand in this period is generally not as high as in the summer, it is important to 
investigate this scenario because the available supplies are generally vulnerable. 

All water companies are required to provide forecasts for the NYAA and DYAA scenarios because this 
allows comparison between the various companies. However, the dry year peak week demand (DYCP) 
or the MDO demand may be the more important investment driver in some WRZs; depending on local 
characteristics, (for example: the volume of storage available in the zone or the relative mix of surface 
water and groundwater sources) . For this reason forecasts for these two periods are also presented. 
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E.2 Base Year Demands 

E.2.1 Base Year Distribution Input 
During 2007-08 the company supplied an average of 564 Ml/d of water each day, with a peak week 
demand of 628 Ml/d recorded in May and a minimum weekly demand of 540 Ml/d recorded in October 
Figure E.1 below shows the daily demands at the company level, while Figure E.2 shows the 
corresponding data for each water resource zone during the year.  
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Figure E.1 Company Distribution Input during 2007-08 
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Figure E.2 Distribution Input during 2007-08 for each WRZ 
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E.2.2 Normalisation of the Base Year Demand 
Demand, particularly that used by households, is influenced by rainfall and temperature. During the 
summer months rainfall reduces the demands from garden watering and other outside activities.  
Conversely, drought conditions, particularly when accompanied by sustained periods of high 
temperature, can lead to rapid increases in demand. Comparison of seasonal rainfall and temperature 
records with the long term average for the south east (Eastbourne) (see Figure E.3 below) shows that 
the summer of 2007-08 was warmer than average but received only slightly less than average rainfall.  
However, July was unusually wet and demands in that month were less than those observed earlier in 
the year with the peak week demand of 628 Ml/d being observed in May. On balance it is considered 
that in demand terms, at least, the year was not exceptional and the recorded demands have not been 
adjusted to compensate for unseasonal consumption. Thus we assume that 2007-08 was a normal or 
typical year, and the average daily demand during the year (the Normal Year Annual Average or 
NYAA) was 564 Ml/d. 
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Figure E.3 Comparison of Seasonal Weather Statistics, 1959-60 to 2007-08 

 

E.2.3 Dry Year Demands 
Distribution input data, available for the period 1989-90 to 2007-08, has been reviewed to determine 
the dry year demand. But data from the early 90’s is now considered to be less robust than current 
data and is also less representative of current conditions, therefore a truncated data set, from 1995-96 
to 2007-08, has been used in the subsequent analysis. A technique known as rebasing has been used 
to estimate the demand that would have been experienced in each year throughout this period if the 
base year conditions (i.e. current levels of meter penetration and customer numbers) had been in 
place.  This allows fair comparison of historic demands. Rebasing of household demand in each WRZ 
has been undertaken assuming the published suppression effects of metering, (viz. a 10% reduction 
on average and a 15% reduction on peak consumption), on the actual un-metered customer base.  

A dry year is defined as a year with low summer rainfall but unconstrained demand (i.e. it is a year 
without demand restrictions in place). The company level of service for introducing demand restrictions 
is once in ten years. Dry year annual average (DYAA) demand therefore has been determined in each 
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WRZ as the 90th percentile of the annual average series of rebased demands. This is considered 
equivalent to the 1 in 10 year demand. 

Historic peak and MDO demands have also been rebased, but using the maximum average day peak 
week demand observed in each year, and the maximum rolling 30 day average demand over the 
period October to November respectively. The 90th percentile of the rebased historic peak and MDO 
demands has been used to provide the estimate of the dry year (unconstrained) demands for these 
two periods. Thus, the rebased peak week and MDO demands are considered to represent the 1 in 10 
year demand and these are presented in Table E.1. 

 

Area WRZ 
Base year Dry 
Year Demand 

(Ml/d) 

Base year Peak 
Period Demand 

(Ml/d) 

Base year MDO 
Period Demand 

(Ml/d) 

IoW 34.96 44.36 33.70 

HS 157.83 206.41 152.33 

HK 5.24 7.13 4.95 W
es

te
rn

 

HA 16.62 21.30 17.51 

SN 67.57 85.20 65.92 

SW 42.95 51.57 41.94 

C
en

tra
l 

SB 86.47 103.80 84.39 

SH 26.95 32.69 26.69 

KM 122.33 148.95 116.47 

E
as

te
rn

 

KT 46.39 59.81 43.67 
Table E.1 Summary of Dry Year Demands in the Base Year 

 

E.2.4 Base Year Per Capita Consumption 
The company wide estimate of the Per Capita Consumption (PCC) of unmeasured customers in 2007-
08 was 159 l/h/d, while that of metered customers was around 13% lower at 138 l/h/d. The 
unmeasured customer PCC is currently derived from data obtained from the Southern Area Group 
Control Area Monitoring Programme which is a collaborative data sharing exercise involving several of 
the water companies in the south east.  The metered customer PCC is derived from consumption data 
held on the company’s billing system.  

Unmeasured and measured PCCs differ between WRZs and indeed across the country because of 
differing socio-economic, climatic and geographic factors (Tynemarch, 2007). The base year (2007-08) 
estimates of PCC at the water resource zone level, which are considered representative of normal 
year (NYAA) consumption, are given in Table E.2 below. 

Factors have been derived to adjust household consumption to increase the normal year annual 
average (NYAA) in the base year, to the dry year annual average (DYAA), the dry year peak week 
(DYCP) and the MDO demands in each WRZ.  The resulting DYAA, DYCP and MDO estimates of 
PCC are also shown in Table E.2. 
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  Unmeasured Household PCC (2007-08) Measured Household PCC (2007-08) 

Area WRZ NYAA DYAA DY MDO DYCP NYAA DYAA DY MDO DYCP 

IoW 138.5 179.3 168.2 273.6 120.1 155.4 145.8 225.3 

HS 153.6 177.6 167.7 267.4 136.9 158.3 149.5 226.4 

HA 158.2 181.5 196.8 266.3 140.1 160.7 174.3 224.0 W
es

te
rn

 

HK 159.2 171.2 152.1 302.8 159.6 171.6 152.4 288.4 

SN 151.6 173.5 166.6 251.9 148.4 169.9 163.1 234.3 

SW 168.1 177.4 170.8 237.2 145.3 153.2 147.6 194.7 

C
en

tra
l 

SB 168.5 178.3 171.2 240.2 139.9 148.0 142.1 189.4 

SH 168.0 182.5 179.6 249.3 138.8 150.7 148.4 195.6 

KM 157.9 182.8 168.5 246.8 146.1 168.5 155.8 216.9 

E
as

te
rn

 

KT 158.3 175.8 159.8 257.3 142.8 158.5 144.1 220.4 

SWS 158.5 178.4 168.9 253.7 138.1 158.2 150.3 216.5 
Table E.2 Base Year (2007-08) PCC Comparisons 

Base year PCC estimates have been validated by breaking the measured and unmeasured 
consumption down into a set of micro-component categories of demand, on a WRZ basis. The 
categories identified are based on work carried out by WRc (2005).  This study involved taking flow 
measurements over several weeks in some 450 unmetered domestic properties located across 
England and Wales and was carried out as a collaborative project involving sixteen companies, 
including Southern Water. 

The assembled dataset was derived using WRc’s Identiflow® software which categorises the volume 
of water flowing into a household by appliance use.  The resulting analysis gives a breakdown of the 
total recorded consumption in the household by component, yielding the frequency of operation of 
each appliance, and the volume of water used during that operation. Figure E.4 below shows the 
breakdown of consumption in a typical household by component of demand, as recorded during the 
study.  



Southern Water 
Final Water Resources Management Plan 
October 2009 
 

 Page E-8 
 

16.5%

8.6%

12.5%

24.1%

7.3%

1.5%

0.3%

29.2%

WC

Bath

S how er

Was hing  Machines

Dis hw as her

Water s oftener

Mis cellaneous  Internal
us e
Mis cellaneous  External
us e

 
Figure E.4 Proportions of Microcomponent Use in Unmetered Households on Average 
Days (after WRc, 2005) 

The frequency of appliance operation and the consequent household consumption as recorded by 
WRc are as given in Table E.3 below. 

 

Device Ownership 
(%) 

Frequency of 
Use 

(uses/prop/day) 

Volume 
per Use 
(litres) 

Household 
Consumption 

(litres/prop/day) 
% of Total 

Consumption 

WC 100.0 11.52 9.4 108.3 29.2 

Bath use 88.1 37.90 73.3 61.4 16.5 

Showers 85.2 1.46 25.7 32.0 8.6 

Washing 
machines 93.7 0.81 61.0 46.3 12.5 

Dish washers 37.0 0.71 21.3 5.6 1.5 

Water softeners 1.6 0.39 182.5 1.1 0.3 

Internal 
miscellaneous 
use 

100 37.9 2.3 89.3 24.1 

External 
miscellaneous 
use 

65.2 0.89 46.7 27.1 7.3 

Total    371.1 100.0 
Table E.3 Average Ownership, Frequency and Volume of Use in Unmeasured Households 
(after WRc 2005) 
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The average volume per use recorded in the above table, which has been taken from the WRC report, 
is specific to the properties surveyed and is now considered, in some cases, to be unrepresentative of 
appliances currently on the market.   Consequently data from a more recent survey (Waterwise, 2008) 
has been used to update the information. Waterwise surveyed the marketplace in 2007 and have 
published figures giving the volume per use of the majority of washing machines and dishwashers 
available in the UK at that time (there were around 200 different models in each category). For this 
WRMP micro-component forecast, the upper 75th percentiles of the published consumption figures as 
taken from these surveys have been used in place of the figures listed in the above. Thus we now 
assume that washing machines and dishwashers use 58 litres per use and 16 litres per use 
respectively, rather than the 61 litres per use and the 21.3 litres per use as listed in Table E.3. 
 
 A change has also been made to the average flush volume listed in the table since that volume 
reflects the average of the cisterns actually surveyed. But the maximum flush volume now permitted 
under the Water Fittings Regulations (WRAS, 1999) is 6 litres. So taking into account new and 
refurbished properties, the average flush volume is now likely to be less than the 9.4 litres/flush 
recorded during the study. Consequently a revised figure has been developed, based on an 
assessment of the likely proportions of older, larger cisterns still in use across the entire customer 
base.  The average flush volume is now estimated at 8.7 litres/flush and is assumed to reduce to 
around 6.5 litres/flush by the end of the planning period, without further changes to the Water Supply 
(Water Fittings) Regulations.  
 
Southern Water undertook a large-scale customer survey into appliance ownership in 2002.  
Responses from over 24,000 properties were received and from these replies a picture of appliance 
ownership by WRZ and between metered and un-metered customers has been established.  
 
Estimates of Per Capita Consumption for both measured and unmeasured customers in each WRZ 
have been built up based on the frequency of appliance use given in the WRc dataset, volume and 
ownership in each WRZ from the SWS survey and household occupancy rates in each WRZ as 
reported in the JR08 returns.  These estimates tend to underestimate the published WRZ PCC figures, 
but have been reconciled to them using the maximum likelihood estimation (MLE) methodology.  Table 
E.4 below gives the assumed volumes of use for each appliance and the assumed 95% confidence 
intervals around these volumes as used for the MLE adjustments. 

 
Device Volume per Use (litres) 95% Confidence Level (as %) 

WC 8.7 2.5 

Bath 73.3 5.0 

Shower 25.7 5.0 

Washing machine 58.0 5.0 

Dishwasher 16.0 10.0 

Water softener 182.5 100.0 

Miscellaneous Internal use 46.7 20.0 

Miscellaneous External use 20.4 50.0 
Table E.4 Device Volumes per Use (2007-08) and 95% Confidence Interval 
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E.3 Population and Property Forecasts 

In September 2005, the Environment Agency commissioned Experian Business Strategies to review 
the different methods of estimating and projecting future population and occupancy with a view to 
reaching an established approach that could be used within the Agency and potentially be adopted by 
the water companies (EA 2007). Experian Business Systems were subsequently commissioned by 
Southern Water to produce household and population forecasts based on this “best practice” 
methodology. Two forecasts for each WRZ were provided by Experian: one based on current trends 
and an alternative forecast based on policy as presently promulgated in draft regional plans.  
Following this work, Experian were further commissioned by several companies, including Southern 
Water, (Experian 2007), to provide the most likely scenario based on a combination of the population 
growth from the policy based projections but constrained to the total national trend based projection.  
This work has now been updated to take account of recently published regional data (Experian, 2008). 
The most likely population growth within the company supply area, as derived from this study, is 
illustrated in Figure E.5 below, while the data for the WRZs are given in Figure E.7. 
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Figure E.5 Most Likely Total Population Forecast 

The most likely scenario suggests that the total population supplied by the company will grow by 
approximately 444,000 from 2,257,000 in 2007-08 to 2,701,000 in 2034-35, while over the same 
period the number of properties connected to the company’s distribution system is predicted to rise by 
285,000. The company level connected property forecast is shown in Figure E.6 while the individual 
WRZ connected property forecasts are shown in Figure E.8. 
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Figure E.6 Most Likely Property Forecast 
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Figure E.7 Population Forecast by WRZ 
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Figure E.8 Property Forecast by WRZ 
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E.4 The Demand Forecast 

The demand forecast is built up from population and property forecasts, assumptions on changes in 
PCC and in commercial activities over the planning period, together with the company proposals on 
household metering and on further leakage reduction. 

 

E.4.1 Base Year Water Balance 
 

The components of demand comprise household and non-household customer use, operational use; 
losses from the company’s distribution system and other non billed losses. Table E.5 below lists the 
components, at the water resource zone level as reported to Ofwat in January, 2009, being a re-
statement of the corresponding Table10b(1) from the JR08 returns to Ofwat, reflecting the up to date 
property and population forecasts described earlier and minor changes to other components. 

 
Component of 
Demand 
(Ml/d) 

IOW HA HK HS SN SW SB SH KM KT Company As 
%DI 

Unmeasured 
households 1.8 6.6 1.9 66.4 25.0 17.3 37.7 10.6 55.9 21.2 244.3 43% 

Measured 
households 14.0 2.6 0.5 19.5 10.9 8.6 11.8 4.7 11.3 5.8 89.7 16% 

Unmeasured 
non-households 0.1 0.1 0.0 0.9 0.8 0.6 1.3 0.6 0.7 0.6 5.7 1% 

Measured non-
households 10.1 2.9 1.3 37.4 14.6 7.6 17.9 5.2 25.0 9.6 131.6 23% 

Distribution 
system losses 2.7 2.6 1.2 14.6 8.9 4.9 9.9 2.7 13.9 4.0 65.3 12% 

Customer 
supply pipe 
losses 

0.9 0.4 0.1 3.6 1.4 1.6 2.9 1.0 3.0 1.4 16.2 3% 

Operational use 
and non-billed 
losses 

0.6 0.2 0.1 2.1 0.8 0.9 2.1 0.9 2.1 0.9 10.7 2% 

Total Demand 
= Distribution 
Input (DI) 

30.3 15.3 5.1 144.4 62.4 41.5 83.6 25.6 112.0 43.4 563.6 100% 

Table E.5 Water Balance at WRZ Level, 2007-08 
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E.4.2 Household Demand 
Household demand can be forecast by either of two approaches: 

♦ Extrapolating long-term historical trends in PCC; and   

♦ Developing a model which builds PCC from forecast changes in the underlying 
micro-components of demand. 

Both approaches have limitations because there is uncertainty in predicting how customers’ water use 
may change over the long term. Extrapolation on the basis of historical trends has the benefit of 
providing a reasonably realistic short-term forecast, but doesn’t allow for any long term changes in 
regulations or customer behaviour.  Nor does it allow consideration of technological advances in water 
using appliances.  

Micro-component modelling, on the other hand, can be used to predict future changes in demand, 
although the accuracy of this approach is highly dependent on the validity of the assumptions made 
about the likely impact of technological change on appliance water use, of the nature and timing of any 
regulatory controls and of behavioural changes in water using activities by the customer.  Clearly there 
will be a significant degree of uncertainty in any forecasts developed using the approach. Nevertheless, 
following the requirements of the WRMP Guidelines, predictions of future PCC have been based on 
the micro-component approach. 

The micro-component forecast is based on the NYAA demand and uses the JR08 PCC values for both 
measured and unmeasured customers in each WRZ as the base from which to build the estimates for 
future years.  

The key assumptions and principles involved in the micro-component modelling are: 

♦ Technological development of appliances will lead to significant reductions in water 
use such that “best practice today will be the norm of tomorrow”.  Specifically we 
assume that by the end of the planning period, the average consumption of washing 
machines and dishwashers will be no more than the 10 percentile level of today’s 
models (45 litres per use and 12 litres per use respectively) as determined from the 
Waterwise survey; 

♦ The average flush volume will reduce to around 6.5 litres/flush by the end of the 
planning period because of the installation of 6 litre and/or dual flush cisterns in new 
properties and the continuing replacement of older and larger cisterns across the 
customer base; and 

♦ There will be a change to the Building Regulations requiring more water efficient 
fixtures and fittings to be installed. 

A significant number of new homes are proposed for the south east during the planning period, many 
of which are expected to be flats or smaller dwellings, with a lower occupancy level than existing 
properties. From April 2008, it has been mandatory for all new socially funded housing to meet the 
Code for Sustainable Homes code level 3 of 105 litres per person per day (Defra 2008). In the demand 
forecast, therefore it is assumed that from the start of the planning period (2010-11) residents in all 
newly built socially funded housing will have a PCC no greater than 105 litres per person per day. The 
proportion of new build social housing in 2007-08 is estimated to be 14%, based on an analysis of 
recently published regional data from the Department for Communities and Local Government. This 
percentage is assumed to increase to 25% of all new build properties by 2026, which accords with the 
regional target for social housing set out in The South East Plan (SEERA 2006). 

It is also assumed that the remainder of the new build properties will meet the equivalent of a code 
level 0 property, which has an equivalent design standard of 125 litres per person per day. It is unclear, 
however, how such a consumption target will be sustained over time without regulation and 
enforcement in the marketplace. 

The forecast for optant and selective measured PCC is based on the assumed saving from the 
unmeasured household micro-component PCC forecast. Selective PCC in this case refers to the PCC 
of customers metered under change of occupancy, company selective (high water users), and 
universal metering programmes. It is assumed, based on the available literature (UKWIR 2005), that 
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the average saving for optants is 8% of unmeasured PCC, while the equivalent for selective customers 
is assumed to be 10%. 

The normal year PCC forecasts are multiplied by derived factors, in order that the base year 
distribution input matches the calculated demand in each WRZ under each demand forecast scenario, 
as presented in Table E.1. During peak periods (the DYCP design scenario), an additional 5% saving 
is attributed to all measured PCC forecasts, to account for documented additional reductions in 
demand due to metering in summer periods. However, this has not been applied to new build 
properties, which are assumed to incorporate measures to reduce PCC in summer periods in their 
base level of PCC. 

It is further assumed that the micro-component based PCC forecast applies to all newly metered 
customers in the year immediately following meter installation. Assumptions regarding the baseline 
water efficiency target and climate change impacts are also incorporated into the calculation of 
measured household demand and these are discussed in Sections E.5 and E.6 respectively. 

The sensitivity of the forecast to assumptions surrounding PCC growth have been tested and included 
in the headroom component of the Supply Demand Balance. 

 

E.4.2.1 Meter Installation Policy 

Meter installation is generally considered to be one of the best means of reducing household demand 
because it enables customers to monitor their consumption through their water bill. It also helps the 
company to develop a better understanding of demands on the distribution system which in turn helps 
tackle leakage. The impact of metering on domestic demand is dependent upon a range of factors 
including: property type, customer demographics, the number of occupants in the property, whether 
the meter installation was voluntary or has been universally applied, the season of the year and the 
amount of external water use. The impact of metering on demand is also dependent on the location of 
the meter, which can be sited either within the property, or external to it. Installing the meter externally 
has the benefit of helping to alert customers to any leakage associated with their supply pipes; and 
timely repairs to leaking supply pipes helps to reduce overall losses from the distribution system. 

It has long been Southern Water policy to require meters to be installed in new build properties, while 
metering on change of occupier has been the company policy in Sussex since 2005. Meters are 
installed externally wherever possible.  

The company supply area has now been designated by the Environment Agency as an area of serious 
water stress. This has been an important consideration in the drive towards the company preferred 
approach of universal metering, with the installation programme proposed to be carried out between 
2010 and 2015, by which time it is expected that all households will be metered. However, a range of 
future metering policies have been examined for this Water Resources Management Plan: 

♦ Optant metering policy – assumes optants, selectives (high water users), and new 
properties are metered; 

♦ Universal Change of occupier metering – extends the existing policy of metering on 
change of occupier throughout the Sussex WRZs to all other WRZs. This would be in 
addition to the baseline policy for optant, selective, and new property metering; and 

♦ Universal metering in AMP5 – assumes all properties in all WRZs will be metered in 
the period 2010-2015. Under this policy, optant and selective properties, but not 
Change of occupiers properties, would continue to be metered ahead of the universal 
metering programme, and a likely programme is illustrated in Table E.6 below. 
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Table E.6 Likely Profile of Universal Metering Programme 

A further scenario which has been considered is the introduction of a new tariff structure in conjunction 
with the universal metering policy (because it achieves a very high rate of meter penetration early in 
the planning period). Introducing variable tariffs is generally considered to result in reduced demand, 
over and above the savings from metering alone. This scenario is discussed in more detail in 
Appendix G. It is assumed that tariff changes could be implemented from AMP6 onwards (following on 
from the universal metering programme), and that a tariff profile could be introduced, which would 
result in an additional 5% reduction in annual demand and 10% reduction in peak demand, over and 
above the effect of metering alone. There is however great uncertainty associated with the potential 
impact of any new tariff options. 

 

E.4.3 Non-Household Demand 
Non household consumption is largely unaffected by weather. This is illustrated in Figure E.9 which 
shows that there has been relatively little annual variation in this component of demand in recent years 
despite the variable summer weather conditions that have been experienced. Consequently the dry 
year, MDO and peak factors for non-household demands have been taken as unity and the base year 
demands set equal to the JR08 out turn figures.  

Analysis of historic non-household consumption data derived from published June Returns shows that 
demand in this sector is decreasing over time, albeit relatively slowly.  This view is supported by an 
analysis of customer use, sub-grouped into the main Standard Industrial Classification (SIC) 
categories as published by the Office of National Statistics (2007). 

Table E.7 below lists the 17 category groups specified in the Water Resources Planning Guideline and 
their SIC (2007) codes, and gives a breakdown of the company’s commercial customer base against 
this classification. Unfortunately, customer records are incomplete, and only around 60% of non-
household customers have a valid SIC code recorded on the company’s billing system. In total, the 
consumption recorded by this group of customers in 2006-07, (being the latest year for which this level 
of detail was readily available) amounted to some 80 Ml/d and Table E.7 lists the out-turn consumption 
figures in each category during that year. Consumption data are recorded against each of the 17 
categories, but eleven account for less than 5 Ml/d each during the year. 

Customer billing records back to 1995 have also been accessed and the annual billed volumes in each 
SIC category accumulated. Figure E.9 below shows the variation from 1995 to date in each of the six 
largest categories, while Figure E.10 shows the variation of the total SIC coded consumption over the 
same period. 
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It is assumed that the gradual decline in non-household demand will continue at least until the end of 
AMP6, after which it is assumed to remain at that level until the end of the planning period. 

 

 
Figure E.9 Annual Billed Volumes in Six Industrial Categories  
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Figure E.10 Non-Household Consumption, 1995-2007 
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Description SIC Code 

(ONS,2007) 

% Non- 
Household 
Customers 

2006-07 Metered 
Consumption 

(Ml/d) 

Agriculture, horticulture, forestry & 
fishing A1,A2,A3 8.0 5.9 

Extraction of metals, minerals and 
energy producing materials B5,B6,B7,B8,B9 0.1 0.9 

Food and drink (manufacture) C10,C11,C12 0.4 1.1 

Textile, fur and leather (manufacture) C13,C14,C15 0.2 0.1 

Other manufacturing C16,C26,C27,C31 2.1 1.6 

Paper (manufacture) C17,C18 0.6 0.2 

Fuel refining C19 0.0 5.0 

Chemicals, rubbers, plastics and man-
made material (manufacture) C20,C21,C22 0.3 2.7 

Manufacture of non-metallic minerals C23 0.2 0.2 

Manufacture of base metals, fabricated 
metal products and machinery C24,C25,C28,C29 1.1 3.5 

Transportation and manufacture of 
transport equipment C30,H49,H50,H51 2.0 10.8 

Electricity, gas and water supplies D35,E36,E37,E38 0.1 2.9 

Construction F41,F42,F43 3.7 1.5 

Wholesale and retail G45,G46,G47 13.6 3.8 

Hotels, bars and restaurants I55,I56 8.5 10.0 

Other services J,K,L,M,N,O,R,S 12.5 16.6 

Education and Health P,Q 7.9 13.0 

Unclassified - 38.8 50.0 
Table E.7 SIC (2007) Codes and 2006-07 Consumption 

 

 

E.4.4 Minor Components of Demand 
Distribution system operational use and unbilled supplies, (including both legal and illegal use) may be 
termed minor components of demand because they only account for around 2% of distribution input 
(Table E.5). It is assumed that the value of both of these components (10.7 Ml/d in 2007-08) will 
remain constant throughout the planning period. 
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E.5 Water Efficiency Targets 

Ofwat have recently published their proposals regarding water efficiency targets (Ofwat, 2008). These 
targets aim to build on water companies’ existing duty to promote the efficient use of water to their 
customers to ensure that companies play their part in achieving the Government's aspirational target, 
set out in Future Water (Defra 2008) of reducing individual water usage to 130 litres per person per 
day by 2030.  

Each company must meet a minimum target for water saved in relation to the number of properties 
served. Ofwat has proposed that the annual base service target of saving shall be one litre of water 
per billed property per day through approved water efficiency activity. In addition, companies are 
required to provide information to consumers on how to use water more wisely, and to take an active 
part in improving the evidence base for water efficiency. 

The second element of the Ofwat targets is termed the sustainable economic level of water efficiency 
(SELWE), by which companies are expected to propose additional water efficiency activity above the 
base level water efficiency target. This is to form part of a sustainable, economic approach to 
balancing supply and demand over the full planning period. Feasible options that are not included in 
the baseline strategy are therefore considered in the investment model alongside other supply and 
demand side options as part of the ‘twin track’ approach. 

Southern Water’s proposed water efficiency target for AMP5 (from 2010-11 to 2014-15), based on a 
saving of one litre per property per day, amounts to 1.01 Ml/d and this target is to be met through both 
household and non-household activity. 

A review of potential water efficiency options was carried out using the latest literature available, 
including that from Ofwat and Waterwise. Feasible options were assessed in terms of their estimated 
costs and water savings, and any practical considerations that have been identified which could 
impact on their implementation, and the schemes were ranked by their AISC to indicate their cost 
effectiveness, (see Appendix G for further details). The results of this analysis were used to aid 
formulation of the least cost strategy to achieve Ofwat’s baseline water efficiency target.  

In line with current best practice, the deterioration in the effectiveness of each water efficiency 
measure over time due to factors such as mechanical failure, poor maintenance and removal or 
replacement, was modelled assuming a time varying yield, based on an exponential decay curve and 
the expected asset life of the measure (Waterwise 2008). Thus, although the proposed programme will 
meet the 1.01 Ml/d target in each year of AMP5, the total water efficiency saving will not reach 5 Ml/d 
over the five year period from 2010-11 to 2014-15, due to decreasing yield assumptions. Figure E.11 
shows, at the company level, the schemes selected to meet the baseline water efficiency target and 
their relative contributions toward the water efficiency targets. 

The breakdown of company level water efficiency activity into household and non-household savings, 
by WRZ, are presented in Figure E.12 and Figure E.13 respectively. 
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Figure E.11 Company Level Ofwat Target Water Efficiency Activity 

Household water efficiency savings, by WRZ
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Figure E.12 Total Ofwat Target Household Water Efficiency Savings in Each WRZ 

Non-Household water efficiency savings, by WRZ
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Figure E.13 Total Ofwat Target Non-Household Water Efficiency Savings in Each WRZ 
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E.6 Climate Change Impact on Demand 

The effects of climate change on demand have been estimated using the results from the Climate 
Change and Demand for Water (CCDeW) report, which was published in February 2003 as an update 
to a benchmark study by Herrington in 1996. The key climate variables of interest in the study were 
temperature (monthly maximum, minimum and mean), precipitation, radiation, potential 
evapotranspiration, relative humidity and wind speed. The mean changes in the climate variables for 
the 2020s (2011-2040) and the 2050s (2041-2070) were used. These relate to changes from the 
average of the climate model simulated baseline period, 1961-1990. 

The CCDeW study used the UKCIP02 climate scenarios and a number of socio-economic scenarios to 
provide a range of potential impact factors. The UKCIP02 climate scenarios were referred to as either: 
Low (L), Medium-High (MH) or High (H). While alpha (α), beta (β), gamma (γ) and delta (δ) refer to 
socio-economic scenarios created as plausible and consistent descriptions of possible futures, 
representing provincial enterprise, world markets, global sustainability and local stewardship scenarios 
respectively.  

Table E.8 below presents a regional estimate of climate change impact on domestic demand, as 
percentage change relative to the same socio-economic scenario with no climate change. 

 
Low 2020s Medium-High 2020s Medium-High 2050s 

α and β γ and δ α and β γ and δ α and β γ and δ 

1.33% 0.99% 1.45% 1.07% 2.92% 1.81% 
Table E.8 Climate Change Impact on Household Demand (After CCDeW, 2003) 

Estimates of climate change impacts on industrial and commercial demand, as percentage change 
relative to the same socio-economic scenario with no climate change, are presented in Table E.9 
below. 

 
Low 2020s Medium-High 2020s Med-High 

2050s 

γ α β γ δ β 

2.5% 2.4% 2.7% 2.8% 2.4% 5.7% 
Table E.9 Climate Change Impact on Non-Household Demand (After CCDeW, 2003) 

 

E.6.1 Approach to Applying Factors 
CCDeW climate change impact factors are unconventional in that they are applied to a reference 
scenario in the future rather than a baseline value in the present day. Therefore, demand in each year 
of the forecast must first be calculated without climate change and then the percentage increase for 
that year for the appropriate climate change scenario should be applied. 

For a scenario that is most similar to conventional development, the Beta socio-economic scenario, 
entitled ‘World Markets’, can be used (in some cases this is combined with the Alpha Scenario, 
‘Provincial Enterprise’).  There is little difference between the climate change scenarios for the 2020s, 
and so the medium-high emissions scenario is recommended because most information is provided 
on this within CCDeW. For domestic demand, this gives a 1.45% mean increase in the 2020s, with a 
minimum 0.94% and maximum 2.19%. Where the 2050s factors are used, the minimum, mean and 
maximum increases are 1.74%, 2.92% and 5.03% respectively. 
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For non-domestic demand, there are no WRZ figures provided in CCDeW and so it is difficult to derive 
a measure of uncertainty.  However, it is recommended that a lower band of zero is used, with an 
upper band of around 4% in the 2020a, and a mean of 2.7%; this reflects the spread of uncertainty in 
sectors (from 0.0% to 6.4%) whilst recognising the potential for over-estimating the climate change 
impact. The equivalent upper and lower bands for the 2050s are zero and 8.5% respectively (reflecting 
an uncertainty across sectors from 0.0% to 13.6%), with a mean of 5.7%. 

To work through some examples, we will use the Beta socio-economic scenario (or a combined Alpha 
and Beta scenario) for domestic demand using the maximum factors for climate change – i.e. 2.19% in 
the 2020s, and 5.03% for the 2050s. 

The Water Resources Planning Guideline state that the CCDeW factors for the 2020s should be 
scaled back to the base year to give an annual percentage increase. With a base year of 2007-08, 
there are 17 years between the base year and 2025 (the mid-point of the 2020s), so this would give an 
annual maximum increment of 0.129% for domestic demand (2.19% ÷ 17). This should then be scaled 
back and forward from 2025, to give annual (cumulative) percentages. 

However, it is not clear from CCDeW which year should be used to scale back the change factor to get 
an annual increment. If the 1961-90 period is used (after which it is commonly assumed that climate 
change would have an impact on the baseline), then 1975 – as the mid-point in this 30-year period – 
would seem appropriate. For domestic demand this would result in a linearly-average increment of 
0.044% accumulating from 1975 to 2025 (i.e. starting at 0 and increasing in 0.044% increments to 
2.19% – see blue line in Figure E.14). In contrast, the approach based on WRMP guidance gives a 
yearly-averaged increment of 0.129%, which is almost 3 times the factor scaled back to 1975 (see 
green line in Figure E.14). 

 

 
Figure E.14 Indicative Graph of Different Scaling Methods (Example Used: Max Value) 

By not scaling from 1975, there is a risk of over-estimating the impact of climate change after 2025 as 
the annual increments are too large (as shown by green line above).  Also, there is an assumption that 
the base year, and therefore the forecast based on this, is unaffected by climate change. But if the 
base year already includes climate change, the future impact of climate change will then be 
significantly overestimated (see red line in Figure E.14 above, which assumes a linear realisation of 
climate change to date). 
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One way of avoiding this over-estimation after 2025 is to use the factors for the 2050s and scale back 
to 2025. This is shown as the purple line in Figure E.14; a step-change can be seen, identifying a 
reduced annual factor than the green line, but a greater factor than the blue line. In theory, the annual 
impact should be greater for the 2050s than the 2020s, which suggests that the WRP guidance 
method (green line) is illogical. 

To determine the best approach, an investigation was conducted on four potential approaches 
(colours relate to lines on Figure E.15), with annual factors calculated for each: 

♦ Green method: The WRP guidance; scaling forward and back from 2025 (to base 
year) (approach as already discussed);  

♦ Blue method: Scaling forward and back from 2025 (to 1975) (approach as already 
discussed);  

♦ Pink method: As Green, but scaling back from 2055 for post-2025 factors; and 

♦ Orange method: As Blue, but scaling back from 2055 for post-2025 factors. 

The Pink and Orange methods follow the Green and Blue methods respectively up until 2025, but then 
use annual factors derived from the 2050s for the years after 2025. In this respect they follow the 
same method, i.e. dividing the additional climate change impact for the 2050s (over and above the 
impact up to the 2020s) by 30 years, which gives an annual factor of 0.095%. 

 
Figure E.15 Indicative Graph of Four Different Scaling Methods (Example Used: Max Value) 

Figure E.15 shows an indicative graph of the four different methods with results presented as 
cumulative annual climate change factors from the base year, through 2025, to 2055 (the mid-point of 
the 2050s). Although the 2050s is not within the water resource planning period, showing the impact at 
2055 emphasises the difference between the four methods. The four outcomes are explained 
individually below: 

♦ Green method: as with Figure E.14;  

♦ Blue method: as with Figure E.14; however, the line begins at zero so as not to 
double count climate change, which is assumed to already affect the baseline (as 
discussed previously);  
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♦ Pink method: by scaling back to the base year (as per the Green method), and then 
from 2055 to 2025; there is a decrease in the rate of climate change impact from 2025; 
and  

♦ Orange method: by scaling back to 1975 (as per the Blue method), and then from 
2055 to 2025, the profile shows an increase in the rate of climate change impact after 
2025. 

From the results presented here, the Orange method is clearly the most reasonable approach. It 
provides a profile of annual climate change factors for demand that most accurately portrays the likely 
profile of climate change over the first half of the 21st century and avoids double-counting.  

 

E.6.2 Summary of Factors Used 
The method for calculating annual factors has therefore been based on the Orange approach, outlined 
above. The impact of climate change on domestic and industrial / commercial demands uses factors 
based on the CCDeW medium-high climate change scenario and the Beta socio-economic scenario 
(which is similar to conventional levels of development).  These are presented in Table E.10 (domestic) 
and Table E.11 (industrial / commercial). Note that these factors are applied to the in-year demand. 

 
% Demand Increase Year Number Year 

Min Mean Max 
0 2007-08 0.0000 0.0000 0.0000 
1 2008-09 0.0188 0.0290 0.0438 
2 2009-10 0.0376 0.0580 0.0876 
3 2010-11 0.0564 0.0870 0.1314 
4 2011-12 0.0752 0.1160 0.1752 
5 2012-13 0.0940 0.1450 0.2190 
6 2013-14 0.1128 0.1740 0.2628 
7 2014-15 0.1316 0.2030 0.3066 
8 2015-16 0.1504 0.2320 0.3504 
9 2016-17 0.1692 0.2610 0.3942 
10 2017-18 0.1880 0.2900 0.4380 
11 2018-19 0.2068 0.3190 0.4818 
12 2019-20 0.2256 0.3480 0.5256 
13 2020-21 0.2444 0.3770 0.5694 
14 2021-22 0.2632 0.4060 0.6132 
15 2022-23 0.2820 0.4350 0.6570 
16 2023-24 0.3008 0.4640 0.7008 
17 2024-25 0.3196 0.4930 0.7446 
18 2025-26 0.3463 0.5420 0.8393 
19 2026-27 0.3729 0.5910 0.9339 
20 2027-28 0.3996 0.6400 1.0286 
21 2028-29 0.4263 0.6890 1.1233 
22 2029-30 0.4529 0.7380 1.2179 
23 2030-31 0.4796 0.7870 1.3126 
24 2031-32 0.5063 0.8360 1.4073 
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% Demand Increase Year Number Year 
Min Mean Max 

25 2032-33 0.5329 0.8850 1.5019 
26 2033-34 0.5596 0.9340 1.5966 
27 2034-35 0.5863 0.9830 1.6913 
Table E.10 Domestic Demand Scaled Factors (Med-High; Alpha & Beta): Orange Method 

 
% Demand Increase Year Number Year 

Min Mean Max 
0 2007-08 0.0000 0.0000 0.0000 
1 2008-09 0.0000 0.0540 0.0800 
2 2009-10 0.0000 0.1080 0.1600 
3 2010-11 0.0000 0.1620 0.2400 
4 2011-12 0.0000 0.2160 0.3200 
5 2012-13 0.0000 0.2700 0.4000 
6 2013-14 0.0000 0.3240 0.4800 
7 2014-15 0.0000 0.3780 0.5600 
8 2015-16 0.0000 0.4320 0.6400 
9 2016-17 0.0000 0.4860 0.7200 
10 2017-18 0.0000 0.5400 0.8000 
11 2018-19 0.0000 0.5940 0.8800 
12 2019-20 0.0000 0.6480 0.9600 
13 2020-21 0.0000 0.7020 1.0400 
14 2021-22 0.0000 0.7560 1.1200 
15 2022-23 0.0000 0.8100 1.2000 
16 2023-24 0.0000 0.8640 1.2800 
17 2024-25 0.0000 0.9180 1.3600 
18 2025-26 0.0000 1.0180 1.5100 
19 2026-27 0.0000 1.1180 1.6600 
20 2027-28 0.0000 1.2180 1.8100 
21 2028-29 0.0000 1.3180 1.9600 
22 2029-30 0.0000 1.4180 2.1100 
23 2030-31 0.0000 1.5180 2.2600 
24 2031-32 0.0000 1.6180 2.4100 
25 2032-33 0.0000 1.7180 2.5600 
26 2033-34 0.0000 1.8180 2.7100 
27 2034-35 0.0000 1.9180 2.8600 
Table E.11 Industrial & Commercial Demand Scaled Factors (Med-High; Beta): Orange 
Method 
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E.7 Leakage 

E.7.1 Current Performance 
The company’s reported leakage in 2007-08 was 82 Ml/d. Ofwat have set leakage targets for all water 
companies covering the period 2005-10 and Southern Water’s target for this period is 92 Ml/d (Ofwat 
2004). During 2006-07 and 2007-08 the company outperformed the target by 9 Ml/d and 10 Ml/d 
respectively and now has the lowest leakage level per property of all the UK water and sewerage 
companies.  

The level of leakage at which it would cost more to make further reductions than to produce the water 
from another source is known as the Economic Level of Leakage (ELL). There is now also a 
requirement for water companies to focus on ensuring that leakage levels are set to fully reflect the 
preferences of society. In order to achieve this, costs and benefits included in the Economic Level of 
Leakage (ELL) calculations must include not only the impacts borne directly by the water companies, 
but also the “external” impacts (i.e. the environmental and social impacts) of leakage control activities. 
This approach ensures that leakage targets are set at a level that is optimal for customers and society 
as a whole. In this case, ELL becomes the Sustainable Economic Level of Leakage (SELL). 

WRc were commissioned to conduct an assessment of SELL for 2007-08. WRc adopt a marginal cost 
of water approach, in which the company’s short-run ELL was calculated to be 118.5 Ml/d, while the 
short-run SELL was slightly less, at 116.5 Ml/d. Based on steady state analysis, they determined that 
the long term (25 year) leakage target for the company should be 89.5 Ml/d, based on SELL. The long 
run ELL was estimated to be close to the existing target level, at 92.9 Ml/d (WRc 2009). All these 
levels are above the company’s current level of leakage. 

The leakage / cost relationships derived from this work are illustrated in Figure E.16 below. 

 

 
Figure E.16 Steady State SELL Calculation Using the Marginal Cost of Water (WRc 2009) 

Both short-run and long-run SELL are above the current level of leakage. Therefore allowing leakage 
to rise, particularly in resource zones in which there is no Supply Demand Balance deficit, is an option 
to be considered. But, in general, it is not economic to do so as leakage would need to be reduced 
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back down to near current levels within the short to medium term to again balance supply and demand. 
Consequently, due to the risks and uncertainties surrounding both the savings that could be achieved 
by allowing leakage to rise and the costs of bringing it back down, WRc considered it prudent for the 
company to maintain leakage at the current level (WRc 2008). 

 

E.7.2 Future Leakage Reduction Scenarios 
Notwithstanding the comments above, the company has investigated a number of policy options which 
will maintain or indeed could reduce leakage below current target levels: 

♦ Maintain leakage at the 2007-08 out-turn level of 82 Ml/d throughout the planning 
period;  

♦ Reduce leakage in conjunction with the proposed programme of universal metering 
by carrying out supply pipe repairs. This is expected to result in a reduction in leakage 
down to approximately 76 Ml/d by the start of AMP6 (Atkins 2009);  

♦ Allow leakage levels in each WRZ to rise to the Ofwat target (calculated on a WRZ 
basis); and 

♦ Through a combination of either of the above leakage policies, allow investment 
modelling to select further leakage reduction schemes on a WRZ by WRZ basis, 
whereby, if selected, such schemes would form part of the least cost strategy to 
balance supply and demand, in conjunction with water efficiency and other resource 
development options. 

This last option could lead to further overall reductions in leakage, because in some WRZs it may still 
be economic to drive down leakage further so offsetting the need for additional resource developments.  
However in those WRZs which do not have a Supply Demand Balance deficit, or already operate 
below their own ELL, this may not necessarily be the case. 
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E.8 Historical and Forecast Demand 

The following plots demonstrate, for each WRZ, how the actual and rebased historical demand 
compares to the modelled demand forecast, based on the dry year base demands derived in Section 
E.2. Two demand forecasts are presented in each case: the first is the optant scenario (i.e. optant and 
selective (large water users) only); and the second is with universal metering and consequent 
reductions in supply pipe leakage.  

E.8.1.1 Normal Year Annual Average Demand 
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E.8.1.2 Dry Year Annual Average Demand 
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E.8.1.3 Dry Year Critical Period Demand 
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E.8.1.5 Forecasts for All Scenarios 

The plots below present, at the company level, the demand forecasts for each of the metering 
scenarios investigated as part of this WRMP 
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