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1 Summary
1.1

Overview

1.

In 2009 we submitted our current water resources strategy, in the form of a Supply
Demand Balance submission, to Ofwat and a Final Water Resources Plan to the
Environment Agency, in accordance with the Water resources planning guideline,
Environment Agency (2008).

2.

This Draft Water Resources Management Plan (Draft WRMP) sets out our plans to
maintain a balance between supply and demand for the 25 year period from 2015/16 to
2039/40.

3.

Following the publication of the Draft Water Resources Management Plan, there will be a
12 week period of public consultation. When this consultation period ends we will publish
a statement detailing the consideration given to all representations received; describing
changes to the plan as a result of the consultation; and a review of supply and demand
data.

4.

We have prepared the Draft WRMP in accordance with the Water resources planning
guideline (October 2012), developed by the Environment Agency, Ofwat, Defra and the
Welsh Government. The plan incorporates future pressures on supply and demand
driven by predicted changes to the climate. It also incorporates future changes to the
Yorkshire population, housing, water use and metering trends.

5.

The plan provides a response to development and growth within Yorkshire that is
balanced and sustainable, whilst maintaining a minimum level of service of no more than
one temporary use ban per 25 years, in line with the our Drought Plan.

6.

We forecast a deficit in the supply demand balance from 2016/17. This deficit is caused
primarily by the loss of yield due to climate change and sustainability reductions through
the National Environmental Programme (NEP).

1.2

Development of the Draft Water Resources Management Plan

7.

The Draft WRMP is presented for the two water resource zones which make up the
Yorkshire Water region. These are the Grid Surface Water Zone (Grid SWZ), which
makes up over 99% of the supply area; the East Surface Water Zone (East SWZ), which
is a small zone covering Whitby and part of the North York Moors National Park (i.e. the
catchment of the River Esk).

8.

Each zone represents a group of customers who receive the same level of service from
either groundwater or surface water sources.

9.

The Grid SWZ is a large conjunctive use zone and, although not all resources within the
zone can be shared, some of the major resources can be moved to different areas, and
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used to support supplies in different areas. Due to the interconnected grid, the risk of
supply failure is the same throughout the zone. Supplies can be moved around effectively
to manage resource shortfalls.
10.

The integrity of the resource zones have been tested using the Environment Agency proformas. The integrity of the resource zones are discussed more fully in Section 3.2 and
in the supplementary report Technical Submission: Deployable Output Assessment.

11.

The plan is built up from a number of components, including:






Demand forecast;
Supply availability;
Calculation of the supply demand deficit; and
Selection of options to meet any deficit.

1.3

Demand forecast

12.

We have produced a 25 year demand forecast, taking into consideration factors which
result in either an increase or decrease in demand. The key components are described
below:



Domestic meter optants: a policy of increased promotion has been adopted
by the company leading to an average of 40,000 optants per year from
2015/16 to 2019/20. This is forecast to decrease gradually to 15,000 per year
by 2030/31 as the number of remaining unmetered properties decreases.



New homes: in line with the Government initiative to build sustainable
homes, the plan assumes that all new household properties will be built in line
with the Code for Sustainable Homes and Part G of the Building Regulations.
We have therefore assumed a capita consumption of 120 litres/head/day
(l/h/d) when estimating average water use in new homes.



Population growth: has been estimated in line with local housing strategies
provided by the Local Authorities within the Yorkshire region. The population
of Yorkshire and the Humber is forecast to increase by 800,000 over the 25
year planning period.



Non-household demand: industry experts Experian have been employed to
produce a non-household demand forecast for the Draft WRMP. This gives
forecast water demand for service and non-service sectors based on factors
such as historic trend and forecast employment and industrial output.



Climate change: the predicted impact of climate change is increased
household demand through increased garden watering and personal washing
due to warmer, drier summers. This increase has been incorporated into the
household demand forecast.
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1.4

Supply availability

13.

We have produced a 25 year supply forecast taking into consideration the factors which
either increase or decrease the deployable output. The key components are described
below:



We model supply availability using our water resource simulation model. The
model incorporates system constraints and historic inflows and calculates how
much water can be supplied, while maintaining a level of service of no more than
one hosepipe ban (temporary use ban) per 25 years in both resource zones.



The principle change on the supply side during the period of the plan is the loss
of 131.38Ml/d of deployable output in the Grid SWZ by 2035/36, due to climate
change. By 2039/40 the loss of deployable output due to climate change is
forecast to be 140.13Ml/d.



Our plan takes into account potential changes to the way we operate our
reservoirs in order to improve the ecological potential of many streams and
rivers. These form part of a review, under the Water Framework Directive, and
will lead to abstraction licence modifications after 2020. The loss of yield due to
these required changes, known as sustainability reductions, is 26.8Ml/d by 2020.



We include outage in the plan to take account of temporary reductions to
resource and treatment availability.



We also incorporate headroom into supply, to allow for uncertainties of resources
and demand forecasts that could lead to a permanent reduction in supply.

1.5

Supply demand balance

14.

We use the 25 year forecasts of supply and demand components to calculate a supply
demand balance. The supply demand balance compares the forecast water available
with the forecast demand for each year of the planning period. If supply is less than the
demand a deficit is forecast and a solution required to close the gap.

15.

The East SWZ is forecast to have a supply surplus throughout the 25 year planning
period. The Grid SWZ is forecast to be in supply deficit from 2016/17 onwards. The
forecast deficit in 2016/17 is 2.7Ml/d, increasing to 155Ml/d by 2039/40.

1.6

Available options

16.

We have used a least-cost economic analysis of options to select solutions to address
the forecast deficit in the Grid SWZ. The options include:
Demand reduction, for example:




Leakage reduction;
Mains replacement;
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Pressure management; and
Water efficiency.

Resource development, for example:






Reservoir dam height raising;
New resources (e.g. new borehole or river abstraction);
Desalination; and
Water trading/bulk transfers from other water companies.

17.

Each option is defined through the level of deficit it can meet (i.e. available yield), and the
cost in terms of capital, operational, social, environmental and carbon impacts that it will
create over its lifetime.

18.

We carried out an appraisal of the available solutions to establish which option delivers
the most benefit, against the following criteria:



Meet the supply demand deficit whilst maintaining the current level of service
(1 in 25 years temporary use ban);





Provides a cost efficient solution;
Aligns with the aspirations of our Strategic Business Objectives; and
Minimises environmental and social impacts as determined by our Strategic
Environmental Assessment and environmental economics calculations.

Our preferred solution to meet the forecast supply demand deficit in the Grid SWZ is a balance
of demand reduction options and the development of existing or new assets. The options
selected include leakage reduction, use of an existing river abstraction licence and a number of
groundwater and other resource schemes.
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2 Introduction
2.1

The Draft Water Resources Management Plan

19.

The Draft WRMP sets out our proposed plans to maintain a balance between supply and
demand for the 25 year period from 2015/16 to 2039/40.

20.

The plan has been prepared following the Water resources planning guideline issued by
the Environment Agency in October 2012. The guideline references a number of
methodologies for estimating supply and demand. These documents have been used in
the preparation of this plan.

21.

The supply section of the report covers the changes to our available water supply
including the re-assessment of deployable output, outage and headroom in line with
industry standard methodologies. In addition, we reviewed climate change using the
Environment Agency and UKWIR recommended methodology, incorporating the UK
Climate Impact Programme (UKCP) projections issued in 2009.

2.2

Water resource zones

22.

Our Water Resources Plan 2009 presented a strategy for three water resource zones
within our supply area. Following completion of the east coast pipeline in 2012 the East
Ground Water Zone has become part of the Grid SWZ. We now have 2 water resource
zones, the Grid SWZ and East SWZ, as shown in Figure 2.1.

23.

Each zone represents a group of customers who receive the same level of service from
either groundwater or surface water sources.

24.

The Grid SWZ is a highly integrated surface and groundwater zone dominated by the
operation of rivers and reservoirs.

25.

We have produced digitised boundaries for each of the resource zones based on groups
of Distribution Management Areas (DMAs). Where the DMA boundaries are not
contiguous or where there are large areas of “no-supply”, we based the defining limit of
the zone on the river catchment boundaries (watershed). For example, we based the
East SWZ on the DMAs in Whitby and the Esk catchment.
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East SWZ

Grid SWZ

Figure 2.1 Yorkshire Water resource zones 2011/12 to 2039/40

2.3

Approach to the analysis

26.

Table 2.1 shows the planning scenarios we have considered in the Draft WRMP.

27.

The East SWZ has only a run-of river source (where water is abstracted directly from the
river and not via storage reservoirs or lagoons) and a small spring with limited storage. In
addition, the area is prone to increases in summer population through tourism and is
therefore susceptible to peak summer demands and a possible temporary shortfall in
supply. We have therefore undertaken dry year critical period planning for this zone. The
critical period is the average daily demand in the peak week.

28.

For the Grid SWZ we plan for a dry year annual average scenario only. Network flexibility
in this zone means it is not susceptible to supply demand issues at times of unusually
high demand.

Water
Resource
Zone

Dry year
annual
average:
baseline

East SWZ
Grid SWZ




Dry year
annual
average:
final
planning


Table 2.1: Planning scenarios

Dry year
critical
period:
baseline

Weighted
annual
average
demand
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2.4

Supply demand balance

29.

We have carried out a supply demand appraisal for the dry year annual average planning
scenario for each of the two water resource zones individually. The critical period
scenario was assessed for the East SWZ.

30.

The Environment Agency has identified a number of reservoirs that require compensation
flow changes, known as sustainability reductions. Under the Water Framework Directive
these flow changes are needed to improve the ecological potential of streams and rivers.
We have modelled the effect of the new measures on reservoir yield using our modelling
tool WRAPSim. This has resulted in a 26.8Ml/d sustainability reduction by the end of
AMP6.

31.

Following guidance from the Environment Agency we have included the effect of climate
change on supply capacity and forecast demand in the supply demand balance.

32.

The East SWZ is forecast to have a supply surplus throughout the 25 year planning
period in both the dry year and critical period scenarios. The Grid SWZ is forecast to be in
deficit from 2016/17 onwards. The forecast deficit in 2016/17 is 2.7Ml/d, increasing to
155Ml/d by 2039/40.

2.5

Government policies

33.

The Water White Paper made clear the importance that the UK Government attaches to
the sustainable use of water resources. The Government expects water companies to
address key policy priorities in their plans, aimed at providing secure, sustainable and
affordable supplies of water to customers. The Government’s policy priorities are as
follows:



A long term perspective taking into account future uncertainties, such as the
impacts of climate change; and to allow efficient, sustainable water resources
planning to meet the needs of customers and the environment.



A better account of the value of water by reflecting its scarcity and the
environmental and social costs of abstraction.



Considering all options to balance supply with demand, including water
trading, cross boundary solutions and third party supplier solutions, and
providing up to date information about the availability of water to third parties.



Reducing the demand for water by managing leakage and providing services
to help customers use water efficiently.



Ensure the views of customers are properly taken into account on service
level and costs.

Our Draft WRMP has addressed all the key policy priorities proposed by the Government.
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3 Supply Capacity
3.1

Water resources

34.

The Yorkshire Water region is bound in the west and north by the Pennine Hills and the
North York Moors respectively. The southern and eastern parts of the region are low
lying. Annual average rainfall in the region is highest in areas of the Pennines whilst low
lying areas average less than half the volume of rainfall each year with little seasonal
variation.

35.

Urban areas in the west and south are principally supplied from reservoirs in the
Pennines. The Pennines and the valleys of the rivers Don, Aire, Wharfe, Calder, Nidd
and Colne are the largest upland sources of water in the region. We operate over 100
impounding reservoirs, of which two are major pumped storage reservoirs. The total
storage capacity of all the supply reservoirs is 160,410Ml.

36.

We have an agreement with Severn Trent Water to abstract 21,550Ml per year from the
Derwent Valley Reservoirs in Derbyshire. This water is used to supply part of Sheffield.

37.

In the eastern and northern parts of the region the major water sources are boreholes
and river abstractions, chiefly from the rivers of the North York Moors and the Yorkshire
Wolds.

38.

The majority of these water resources are now connected together by a grid network.
This enables highly effective conjunctive use of different water resources, which mitigates
risk and allows optimal planning; optimal source operation; and resilient sources of supply
both in drought and during floods.

39.

Approximately 45% of supply is from impounding reservoirs, 25% from boreholes and
30% from rivers. This varies from year to year depending on weather conditions. In the
dry year scenario of this plan, rivers are used more, with about 40% of supply coming
from reservoirs and rivers, and 20% from groundwater (which is less available in a dry
year).

40.

The region is divided into two water resource zones for planning purposes. Each zone
represents a group of customers who receive the same level of service from either
groundwater or surface water sources.

41.

The Grid SWZ represents a highly integrated surface and groundwater zone that is
dominated by the operation of lowland rivers and Pennine reservoirs. The eastern area of
this zone, once the East GWZ, is supplied mainly from borehole sources located in the
Yorkshire Wolds and along the east coast. This area is now linked to the rest of the grid
by the east coast pipeline.

42.

The East SWZ is supplied by a river abstraction and springs in the Whitby area.
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3.2

Water resource zone integrity

43.

According to the Environment Agency’s Water resources planning guideline, a WRZ is:
“The largest possible zone in which all resources, including external transfers, can
be shared and, hence, the zone in which all customers will experience the same risk
of supply failure from a resource shortfall.”

44.

The Environment Agency have published guidelines on ensuring the integrity of water
resource zones. These guidelines include pro-formas for decision trees to establish
whether or not a resource zone complies with the Environment Agency definition.

45.

The pro-formas for the Grid SWZ and the East SWZ are shown in Appendix A of the
Technical Submission: Deployable Output Assessment report. This appendix fully
describes how both the Grid SWZ and the East SWZ meet the definition of a resource
zone.

46.

The Grid SWZ is a large conjunctive use zone and, although not all resources within the
zone can be shared, some of the major resources can be moved to different areas, and
used to support supplies in different areas. Due to the interconnected grid, the risk of
supply failure is the same throughout the zone. Supplies can be moved around effectively
to manage resource shortfalls.

47.

WRAPsim schematics for the two resource zones are shown in Appendix B of the
Technical Submission: Deployable Output Assessment report. The schematics show
major pipelines, treatment works, sources and demand zones, but the system is too
complex to show the capacities and system constraints, although these are all included in
the WRAPsim model. The schematics, associated system constraints, and resource
zone integrity pro-formas were shared and discussed with the Environment Agency in
2012 and 2013, and the integrity of the resource zones was agreed.

3.3

Resource developments

48.

We have 96 public water supply abstraction licences for 113 sources. These have been
reviewed as part of the Environment Agency’s Catchment Abstraction Management
Strategies (CAMS). Table 3.1 lists the CAMS in the Yorkshire Water area. All are in the
North East region of the Environment Agency except for Idle and Thorne (Midlands
region). The purpose of the CAMS process is:






To inform the public on water resources and licensing practice;
To provide a consistent approach to local water resources management;
To help balance the needs of water users and the environment; and
To involve the public in managing the water resources in their area.
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49.

20

No changes to our abstraction licences were proposed by the Environment Agency as a
part of the first 2 cycles of CAMS reviews.
CAMS Name
First Published
Swale, Ure, Nidd,Upper
October 2003
Ouse
Don and Rother
October 2003
Wharfe and Lower Ouse
March 2005
Aire and Calder
May 2007
Hull and East Riding
March 2006
Derwent
March 2006
Idle and Torne
March 2007
Esk and Coast
August 2007
Table 3.1: CAMS review dates

50.

February 2013
February 2013
February 2013
February 2013
February 2013
February 2013
February 2013

We hold 15 Time Limited Licences (TLLs). All existing TLLs have been renewed by the
Environment Agency, at current abstraction conditions, until their appropriate CAMS cycle
end dates. Table 3.2 below outlines the Yorkshire Water licence time limits. We
presumed all TLLs would be renewed on expiry and included no uncertainty related to
renewal in this plan, in accordance with Environment Agency guideline.
TLL Expiry Year
AMP Period
2013
AMP5
2015
AMP5
2017
AMP6
2018
AMP6
Table 3.2: Time limited licences

51.

Last published
February 2013

No. Of Licences
1
2
8
4

Since 2010, we have closed a number of small sources. Table 3.3 lists these sources
and shows their deployable output.
Licenced
Date
Deployable
daily average
revoked or
Output Ml/d
Ml/d
closed
Studforth boreholes
1.23
May-10
Lower Dunsforth and Bog Bridge
5.58
boreholes
5.48
May-10
Countersett WTW
0.04
0.04
May-11
Marsett WTW
0.09
0.09
May-11
Stalling Busk WTW
0.09
0.01
May-11
Hawkswick No 2 WTW
0.07
May-11
Chapel le Dale WTW
1.05
0.04
Nov-12
Total
8.05
5.75
Table 3.3: Minor sources closed since the 2009 Water Resources Management Plan
Sources
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3.4

Baseline operations

52.

The process of planning and managing baseline water resources in Yorkshire is part of a
fully integrated approach to operational planning from source to tap across the whole
region. Our main objective is to ensure that good quality water is supplied at minimum
cost to customers and the environment.

53.

We have a weekly management process to determine key flow target settings (reservoirs,
rivers, boreholes, water treatment works and pipelines) for the week ahead. The process
uses the WRAP (Water Resource Allocation Plan) computer model, to determine the best
use of available resources to meet demand and maintain security of supplies. Resources
are selected to minimise costs, environmental impacts and carbon emissions.

54.

The WRAP model takes account of expected demands, reservoir and groundwater
operating rules, control curves and licensing constraints. Temporary constraints such as
outages for maintenance work or water quality problems are also taken into account. The
management of river resources is subject to licence conditions which restrict abstractions
at times of low flow; and permit increased abstractions during higher flows, typically in the
autumn and winter.

3.5

Deployable output assessment

55.

To determine deployable output we have followed the methodology defined in
Environment Agency/UKWIR report WR27 water resources planning tools, 2012; Annex
E of the Department of the Environment report Water resource and supply: agenda for
action (1996); and in accordance with the Environment Agency report Re-assessment of
water company yields (1997).

56.

The EA/UKWIR WR27 Water resources planning tools 2012, Deployable output report
describes a risked based approach for assessing deployable output, so the degree of
complexity required depends on the nature of the source or group of sources being
assessed. The WR27 methodology re-aligns existing tools for calculating deployable
output within a risk based framework. Many of the previous reports and methods used for
assessment of deployable output are discussed below, and are still relevant, representing
the “existing tools” used by the WR27 methodology. The methodology describes the five
steps required to assess deployable output. These steps for deployable output
assessment are:

57.






Step 1 – Choose a deployable output assessment framework.



Step 5 – Report deployable output assessment.

Step 2 – Assess vulnerability to climate change.
Step 3 – Establish deployable output assessment data set.
Step 4 – Calculate deployable output (links with Step 2 of the Economics of
Balancing Supply and Demand (UKWIR 2003) options appraisal process) with
a confidence label.

The Grid SWZ is a large and complex conjunctive use resource zone, so the assessment
method used must be one suited to this highly complex zone.
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58.

This report summarises the steps above which are described in greater detail in
supplementary reports; Technical Submission: Deployable Output Assessment and
Technical Submission: Climate Change Effect on Deployable Output Assessment.

59.

We maintain an ongoing programme of work to step test our operational boreholes and,
as part of this work, we have reassessed the deployable output of our groundwater
sources, using a source reliable output (SRO) assessment. The average output that a
groundwater source can be relied upon to produce in a drought year is termed the
average demand drought condition deployable output.

60.

In the East SWZ, the critical period uses the peak demand drought condition deployable
output.

61.

The water resource simulation model was extensively updated in autumn 2012 for the
following components: extension of inflow records, review of the demand profiles, update
to hydraulic and treatment capacities, update of groundwater source reliable output
studies and abandoned sources.

62.

For the Grid SWZ the WRAPsim water resources modelling software is used to carry out
the behavioural analysis required for the determination of deployable output. The model
incorporates the following, which are required for the determination of deployable output,
according to the UKWIR methodology:




The same demand profile should be used for every year of the simulation.




Each system modelled must incorporate emergency storage.



Demands are maximised to the point of failure as required for the
determination of deployable output, by re running the model at increasing
demands until the levels of service are “just” met.



The deployable output for the 1 in 25 year temporary use ban level of service
for the base year 2011/12 is the demand of the Grid SWZ demand zones.

The defined physical capacities of the existing system should be adopted for
the simulation.
Inflows from 1920 to 2011 (ensuring a long simulation including critical
droughts of 1930s and mid 1990s).

63.

The supply reservoirs (and the Hull borehole group) in the WRAPsim model are modelled
using control lines. The yield of the individual reservoirs and the control lines are
calculated using minimum inflow sequences. This is to establish what reservoir stocks
are required, given the historic minimum inflows, in order to maintain a given yield
through the worst historic conditions.

64.

Since we operate the sources within the Grid SWZ together, multiple control lines with
notional costs, called penalty functions, are used to balance stocks between reservoirs
across the region. This ensures that reservoir stocks are balanced throughout the region,
and enables us to meet the requirement of achieving the same level of service throughout
the resource zone.

65.

Figure 3.1 illustrates how multiple control lines are used to assign different costs to water
in different reservoir bands, thereby allowing stocks to be balanced between reservoirs.
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66.

The reservoirs in the model are in five groups: Central, East (including the Hull borehole
group, which is modelled as a reservoir), North West, South and South West. Each of
the five reservoir groups must meet the agreed level of service: temporary use bans no
more frequently than 1 in 25 years; and drought orders no more frequently than 1 in 80
years. With the 92 years of inflows used in the model, this allows up to three temporary
use bans and one drought order for each of the five major reservoir groups.

67.

Although the Grid SWZ does contain some sources with only limited connectivity to
others, it is considered as a single resource zone. This is because most demand areas
can be supplied by alternative sources, and use restrictions would be applied to all
demand areas within the zone at the same time. All areas within the Grid SWZ meet the
level of service defined, i.e. temporary use bans applied no more frequently than 1 in 25
years.

68.

The critical periods of drought are found to vary from one area to another, with the 1929,
1959 and 1995/6 events being dominant in Yorkshire. However, over the long-term each
of the areas will fail a similar number of times for at least one of the restrictions (see
supplementary report Technical submission: deployable output assessment).

69.

When using the WRAPsim model to determine deployable output, we maximise demands
to the point of failure. The model is re run at increasing demands until the level of service
is “just” met. This demand is the deployable output for the 1 in 25 years temporary use
bans level of service (for the Grid SWZ). The demand of the Grid SWZ is the combined
demand of all of the WRAPsim demand zones within the Grid SWZ at the regional
demand, when the level of service is just met (excluding the demand met by the Severn
Trent import).

70.

The sources in the East SWZ are constrained by the capacity of River Esk WTW.
Roundhill Multiple Control Curves
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Figure 3.1: Example of control lines and penalty functions
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3.5.1
71.

Level of service

Our current level of service was formally adopted in April 2000 and delivered by 2001.
Table 3.4 shows our current level of service. This level of service is the basis for this draft
WRMP.
Restriction

Frequency of Restriction

Rotacuts/Standpipes

1 year in 500

Drought Order Implementation* 1 year in 80
Temporary Use Ban
1 year in 25
Implementation*
* for a period of at least 3 months
Table 3.4: Level of service

72.

As part of our approach to the next Price Review we have undertaken a comprehensive
customer ‘willingness to pay’ survey. The results indicate customers are neither willing to
accept a reduced level of service nor willing to pay for a greater level of service.
Therefore, we did not consider any further changes to the level of service.

73.

Customers were presented with two levels of deterioration and two levels of
improvement, from the current 1 in 25 years temporary use ban level of service, as
shown below.
Change in levels
Levels of improvement

Level of service (frequency of
temporary use ban)
1 in 50 years
1 in 35 years

Current level

1 in 25 years

Levels of deterioration

1 in 15 years
1 in 10 years

Table 3.5: Willingness to pay - levels of improvement and deterioration
74.

In general, customers were averse to accepting a reduction in service, even when
presented with a reduced bill impact.

75.

As well as calculating deployable output for the company level of service, we have also
calculated deployable output for the Environment Agency reference level of service
(temporary use bans 1 in every 10 years) and a no restrictions level of service, as
stipulated in the Environment Agency guideline 2012. In addition, in order to gain a better
understanding of the relationship between deployable output and level of service, we
have calculated deployable output for a 1 in 15 year and a 1 in 50 year temporary use
ban frequency.

76.

For each of the level of service deployable output calculations, the model was run at
decreasing demands until the level of service was just met. The deployable output
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represents the highest demand at which the level of service is met, and the underlying
assumptions for all runs are the same.
77.

Table 3.6 and Figure 3.2 below show the relationship between level of service and
deployable output for the Grid SWZ. In Figure 3.2 the no restrictions level of service is
plotted as 1 in 100 years, as this represents no restrictions in our 92 year period of
record.
1600

Grid SWZ Deployable Output Ml/d
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Years between temporary use bans

Figure 3.2: Relationship between deployable output and level of service for the
Grid SWZ

78.

The deployable output for the alternative level of service scenarios are shown in Table
3.6 for the Grid SWZ. The Grid SWZ is a large conjunctive use zone, so we have not
established a link between deployable output of specific sources and level of service.
We have however established links between the zone deployable output and level of
service. We have planned discussions with the Environment Agency during April 2013 to
discuss how to link groundwater deployable output with level of service, as described in
the WR27 report, and will include the results of this in the final WRMP.

79.

The link between groundwater sources and level of service are less clear than those for
surface water sources due to the limited data available for many groundwater sources.
Many of our groundwater sources are constrained by licence or infrastructure, so
alternative levels of service will not impact the deployable output of the sources. This
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may change in the future, if climate change alters the limiting factor constraining the
source yield from the infrastructure or licence constraint.
80.

The interconnected nature of the Grid SWZ means that even areas mainly supplied by
groundwater sources have the same level of service as those supplied by surface water
sources as most areas can be supplied by at least one other part of the grid. There is
therefore little need to assess individual source links between deployable output and
level of service.
Frequency of temporary use bans

Deployable output
(Ml/d)

1 in 10 years (EA reference LOS)

1498.44

1 in 15 years

1448.50

1 in 25 years

1406.82

1 in 50 years

1313.34

No restrictions (greater than 1:93)

1212.36

Table 3.6 Relationship between level of service and deployable output for the Grid
SWZ
81.

Our level of service is consistent with our Drought Plan, and we expect to implement
temporary use bans as described in the Drought Plan no more frequently than 1 year in
25.

82.

Table WRP1a BL Licences lists all sources and licences within the two water resource
zones, and the deployable output of each source.

83.

The deployable output of the East SWZ is currently limited by the capacity of the water
treatment works. The demand of the zone is far lower than this capacity, and
consequently the zone experiences no restrictions. We do not intend to maintain the
zone at the no restrictions levels of service, and if a deficit were to occur in the supply
demand balance, we would reduce the levels of service to align with the Grid SWZ.

84.

Following a review of the Yorkshire Water base model, details of which are provided in
Section 5 of the supplementary report Technical Submission on Deployable Output, the
frequency of drought measures has been modelled for the 92 year period of record. The
levels of service for the Grid SWZ are shown in Table 3.7. We last imposed restrictions in
1995 and 1996. This is consistent with forecast restrictions in our current model,
although there are far fewer forecast restrictions than actually occurred in 1995/6. This is
due to the significant investment in the grid network, which has taken place since the
1995/96 drought, and to changes in operation and control lines which have resulted from
analysis of inflows during extreme events.
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Base model level of service
Temporary ban Years of
on water use
restriction

Drought
Order

Central

1:31

-

East

1:92

North West

1:31

1929
1959
1995
1992

Years of
restriction

-

1929
1959
1989
South
1:31
1:92
1929
1934
1996
South West 1:31
1:92
1959
1995
1996
Regional
1:46
1929
1959
Table 3.7: WRAPsim level of service report

1996

1995-1996

85.

We last imposed restrictions in 1995 and 1996. This is consistent with forecast
restrictions in our current model, although there are far fewer forecast restrictions than
actually occurred in 1995/6. This is due to the significant investment in the grid network,
which has taken place since the 1995/96 drought, and to changes in operation and
control lines which have resulted from analysis of inflows during extreme events.

86.

Table 3.7 shows all except the East reservoir group (consisting mainly of the Hull
borehole group) experience 3 temporary use bans during the 92 year modelling period.
The East group has only 1 temporary use ban. The events that constrain the deployable
output are shown in the table.

87.

This shows that different events are significant in different areas, with restrictions
occurring in the different reservoir groups in different years. However, all areas meet our
stated level of service and are therefore subject to the same risks of supply restrictions.

88.

The duration of temporary use bans and drought orders are assumed to be at least 3
months, as once we have imposed a temporary use ban we are unlikely to lift such a ban
until reservoir stocks have made a considerable recovery. Therefore this minimum 3
month duration is a sensible one to apply.

89.

The addition of the borehole sources previously in the East GWZ to the Grid SWZ,
resulted in an improved level of service in the East reservoir group (Hull reservoirs and
borehole group, which are the only borehole sources modelled as a reservoir within the
WRAPsim model).

90.

The East reservoir group has a higher modelled level of service than the surface water
reservoir groups due to the fact that it is different in nature (shown by the relatively flat
control lines), as it is predominantly an aquifer source. In modelled operation the yield is
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limited below the normal control line, but in reality we would overdraw the source
depending on conditions elsewhere in the system. The links of the grid to the areas
supplied by the East reservoir group mean that these customers still experience the same
levels of service as others within the Grid SWZ.

3.6

Reported deployable output

91.

The deployable output for each resource zone is shown in Table 3.8. The Grid SWZ
deployable output is calculated from the water resource simulation model, and the East
SWZ is the sum of the deployable outputs in the zone, which includes any “locked in
yield” not utilised in the water resource simulation model.
Water resource zone Dry year annual
average deployable
output (Ml/d)

Dry year critical
period deployable
output (Ml/d)

East SWZ

14.00

14.00

Grid SWZ

1406.82

-

Regional Total

1420.82

-

Table 3.8: Deployable output

92.

Sensitivity analyses were carried out, and increasing the demand of the water resource
simulation model run by just 5Ml/d resulted in failure of levels of service in four years
(rather than the three allowed) in the North West reservoir group.

93.

The deployable outputs by source are provided in the dry year annual average table
WRP1a for all zones, and the critical period for the East SWZ. The deployable outputs
for the Grid SWZ have been determined using a water resource simulation model and
have therefore been reported, where necessary, in their modelled source groups.

94.

Table WRP1a BL Licences lists all sources and licences within each of the 2 water
resources zones, and the deployable output of each source. These tables also show the
constraints on deployable output. In the case of most sources in the Grid SWZ, the
constraint is listed as modelled level of service, as the deployable output of sources
occurs when the stated level of service with respect to temporary use bans and/or
drought orders is reached. No figures are input for the annual effect of climate change on
deployable output, as at the resource zone level the figure varies depending on the year
due to the interpolation equations described in the Technical Submission: Climate
Change Effect on Deployable Output.

95.

The behavioural analysis described above details the methodology applied to determine
the deployable output under the annual average planning scenario. The water resource
simulation model does not, however, simulate the critical period demands and local
resource issues that are forecast to affect the East SWZ.
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96.

Additional analysis has therefore been undertaken using a resource planning model for
the East SWZ. This analysis has assessed the supply demand balance, including the
target headroom, for the critical period derived for the zone.

97.

The critical period demand has been determined by applying critical period factors to the
dry year annual average demand of the resource zone.

3.6.1

Deployable output confidence label

98.

These estimates of deployable output are based on records of 92 years of data. For
some sources these data are all gauged, but for most there is a mixture of gauged and
modelled data. A large amount of work has been carried out over the years to create the
data series for sites where data were not available. Efforts have been made to obtain
suitable data by extending the record and modelling to create the best possible available
series. We therefore believe the confidence applied to the deployable output estimate
according to WR27 (UKWIR/ EA, 2012) is AB for both of our resource zones: A) because
the data is available and of consistent quality, and B) due to the record length (71-99
years of data).

99.

For the East SWZ, we have simulated river flow data from 1920-2011 for this source, with
river flows at all times greater than 20Ml/d This is well above the deployable output for the
zone, even without the inclusion of the spring sources. The development of the River Esk
model is described fully in Technical submission: Climate Change Effect on Deployable
Output, Appendix 3.

100. The supply demand gap determined for each of the zones is discussed in detail in
Section 6.11.

3.7

Climate change
3.7.1

Introduction

101. The Environment Agency, 2012, Water resources planning guideline, states that a
company’s plan should consider the impact of climate change on baseline supply at
resource zone level. The guidance includes several methods for incorporating climate
change and hydrological uncertainty in supply forecasts. The Environment Agency
guideline is largely based on the UKWIR/EA report Climate change approaches in water
resources planning – overview of new methods. In addition, we have commissioned
various pieces of work to supplement the guidelines and further refine our methodology.
102. The Technical Submission: Deployable Output Assessment report fully describes the
approach we have taken to climate change modelling. We have adopted the risk based
approach recommended in the guidelines, by first assessing the vulnerability of our water
resources zones to climate change, and then developing models according to the results
of this risk based analysis. We have shared our proposed methodology and results with
Ofwat and both local and national Environment Agency officers throughout our analyses.
103. This section of the report gives an overview of the development stages that have been
taken in investigating the indicators of climate change in the region to date. It shows how
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we have carried out basic and intermediate vulnerability analyses of our sources to
climate change.
104. We have calculated factors which represent the effects of climate change on river flows
and reservoir inflows in Yorkshire catchments using methods recommended in the
UKWIR/Environment Agency guidance. These factors have been applied to the
WRAPsim model inflow files, and we have run the model to calculate the deployable
output of the system in 2035. We have interpolated deployable output in the years
between 2012 and 2035, and forecast changes until 2040 using the interpolation
equations in the guidance.
105. Any effects of climate change on deployable output will be considered relative the
deployable output of our base model in 2012/13.

3.7.2

Indicators of climate change

106. Since the Water Resources Management Plan 2009 additional analyses have been
carried out. We commissioned Mott MacDonald to analyse updated trends for a number
of sites. Their report is shown in Appendix 1 of the Technical Submission: Deployable
Output Assessment report and describes the application of 7 different trend tests to
rainfall, flow and temperature series. The results indicated statistically significant trends
in only two series (Derwent and Hebden Water), however, these trends showed
differences in patterns. Analysis of Central England Temperatures (CET) data generally
showed significant upward trends in average annual and seasonal temperatures.
107. Analyses have been carried out in other research projects commissioned by Yorkshire
Water; the Climate Change Risk Assessment (CCRA) and Duration Drought Modelling.
The CCRA was the second part of a four-phase project to inform PR14 and longer term
planning. Phase 1 was an impact and vulnerability assessment that provided both a look
back at recent extreme weather events, and a comprehensive understanding of climate
change projections for the Yorkshire and Humber region. The CCRA formed the second
phase and we are now undertaking the third phase, our detailed risk assessment in order
to feed into the fourth phase which will be the publication of our detailed policy position on
climate change.
108. Recent climatic events appear to fit with the climate change predictions indicated in the
UKCP09 scenarios, although to date no specific event can be attributed to climate
change. Despite trend analyses not being conclusive, it is prudent to base our water
resources plan on the best available evidence for climate change over the next 25 years
which is the UKCP09 projections.

3.7.3

Basic vulnerability assessment

109. The basic vulnerability assessment determines whether a resource zone is classed as
high, medium or low vulnerability with respect to climate change, and it is based on the
WRMP 2009 climate change impacts. The Grid SWZ mid scenario had a loss of
deployable output of 3.9%, which is quite small, but a range (difference between the wet
and dry scenarios) of 18%, making it a high vulnerability zone. The magnitude sensitivity
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table below shows the thresholds used for defining high, medium and low vulnerability
zones, and the East SWZ and Grid SWZ are plotted on it in their respective positions.
Uncertainty range

Mid Scenario (% change in deployable output)

(% change wet to dry)

< -5%

> -5%

> -10%

<5%

Low

Medium

High

East SWZ
6 to 10%

Medium

Medium

High

11 to 15%

High

High

High

>15%

High

High

High

Grid SWZ
Table 3.9: Vulnerability scoring matrix showing Yorkshire Water zones

3.7.4

Intermediate vulnerability assessment and drought indicator development

110. We employed HR Wallingford to determine the best approach for incorporating UKCP09
into our water resources modelling (as described in Appendix 2 of the Technical
submission: Climate change effect on deployable output). Following the basic
vulnerability assessment, a drought indicator was developed relating minimum reservoir
storage to April-September precipitation and June-August potential evapotranspiration.
111. HR Wallingford then carried out a large amount of work investigating suitable subsamples of the 10,000 UKCP09 projections for the medium emissions scenario. The
drought indicator analysis was used to select 20 representative model scenarios, 10
spanning the whole range and 10 in the drier vulnerable range established by the drought
indicator analysis. All samples are weighted, with the 10 “dry” samples assigned a low
probability to avoid a skew in resulting deployable output.

3.7.5

Development of an approach for applying UKCP09 projections for water
resources modelling

112. For the 20 model scenarios selected, HR Wallingford used the Yorkshire and Humber
administrative region rainfall and PET factors, and applied them to 16 Yorkshire Water
catchments for which Hysim rainfall runoff models were available. The 20 UKCP09
model scenarios were applied to each of these 16 Hysim models, and flow series and
factors were developed. These factors can then be applied to the WRAPsim inflow files
for 20 projections to establish the system deployable output for each of the 20 climate
change model scenarios.
113. WRAPsim inflows, which are not modelled by Hysim, have been assigned factors from
the closest similar modelled catchment. In this way we have an improved method to that
used for the Water Resources Management Plan 2009. We have again used flow
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factors, but instead of generic regional factors adjusted for some catchment descriptors,
we have developed factors specific to our catchments based on calibrated catchment
models. These flow factors were then applied to the modelled catchments, and to nearby
catchments that have not been modelled.
114. This method does result in a considerable increase in workload, 20 climate change
WRAPsim runs to determine deployable output instead of only 3, but it has been feasible
within the timescales. The use of the drought indicator analysis and the targeted sample
approach has allowed us to use only 20 rather than a recommended 100 or more
samples without the targeted sampling, which would not have been feasible.
115. Figure 3.3 shows the monthly flow factors for one of the projections (model scenario ID
3667). In this projection, for most catchments there are two minima, in May and
September, and flows only increase in the October-November or December period.

Flow factors for UKCP09 3667 2030's
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Loxley
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River Wharfe

0.4
Jan
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Winscr

Figure 3.3: Flow factors for mid scenario

3.7.6

Interpolation of deployable output

116. The WRAPsim model is used to calculate deployable output for the baseline year, and for
the 2030s (the year 2035). We need to calculate the deployable output for all years of
the planning period and so interpolate between 2012 and 2035, and extrapolate beyond
2035, using the equations supplied in the WRMP guidance. This enables production of a
smooth time series of deployable output, and avoids step changes in estimated
deployable output, which might affect the timing of investment decisions.
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117. From 2030/31 to 2045/46, we estimate deployable output in each year according to the
underlying trend in climate change, scaling the change in deployable output by Equation
1, where ‘Year’ is the year of interest. The scaled change is then added to the present
deployable output.

Scale factor 

Year  1975
2035  1975

[Equation 1]

118. To avoid a step change in 2012/13 between observed deployable output and the
underlying trend, we have interpolated linearly between 2012/13 and 2039/40. This was
done by scaling the change in deployable output using Equation 2.

Scale factor 

Year  2012
2031  2012

[Equation 2]

119. We have used these equations to calculate deployable output for all years from 2012/13
until 2039/40 for both resource zones.

3.7.7

Climate change model results

120. Regional deployable output was split between the two resource zones in the same way
as for the current deployable output.
121. WRAPsim provided a deployable output forecast for 2035. In accordance with the
Environment Agency guideline, estimates of deployable output for each year between
2012/13 and 2039/40 were calculated using Equations 1 and 2 above.
122. The deployable output is calculated for the climate change scenarios to determine the
deployable output of the region in 2039/40. The climate change perturbed inflow files are
used in the model, which is run at varying demands until the levels of service are again
just met. The interpolation and extrapolation equations in UKWIR guidance are used to
interpolate between the base year and 2039/40.
123. Table 3.10 shows the calculated deployable output in 2035 for each of the 20 UKCP09
model IDs for the Grid SWZ.
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Model ID Weighting Deployable Percentile
Output
(Ml/d)
1068
0.0095
902.655
9393
0.01
938.296
1628
0.01
1001.76
1
0.01
1015.64
9051
0.01
1043.70
5852
0.01
1078.73
1232
0.01
1079.32
1972
0.01
1114.58
2619
0.01
1114.05
10th percentile
7518
0.1
1116.87
7719
0.01
1150.49
4882
0.1
1149.99
3684
0.025
1157.48
5787
0.1
1200.19
3667
0.07
1275.43
median
9784
0.1
1284.14
5669
0.1
1291.38
2734
0.1
1326.19
3160
0.1
1361.70
90th percentile
7772
0.1055
1445.99
Table 3.10: Grid SWZ deployable output for 20 climate change projections
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Figure 3.4: Grid SWZ deployable output extrapolation
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124. Figure 3.4 shows the deployable output for the Grid SWZ, and how it changes over time
due to climate change. The results shown and analyses described are for the current
system configuration. Uncertainty is inherent with any modelling. A range of deployable
output predictions are therefore given based on the 20 smart sampled scenarios.

3.7.8

Climate Change in the East Surface Water Zone

125. JBA Consulting have developed a Probability Distributed Model (PDM) rainfall runoff
model for the River Esk. The climate change modelled River Esk flows have been
analysed using a simple spreadsheet tool. There are no hands off flow requirements for
the River Esk, however, if some of the more extreme climate change predictions do occur
it is possible that maximising our abstraction would result in a dry river.
126. This situation would not be sustainable, so if this is forecast to occur we would calculate a
reduced deployable output for a given climate change scenario, having the deployable
output as available water assuming a hands off flow of 2Ml/d. If river flows after the
abstraction dropped to below the hands off flow for longer than 7 days, then the
calculated deployable output has been reduced until there are no periods of more than 7
days flow below the hands off flow. This also allows for a limited supply to still be
obtained from the spring sources, and the limited amount of storage available.
127. The PDM modelled flow for the baseline has no flows less that 20Ml/d, so there are no
flows less than 6Ml/d if the 14Ml/d deployable output of the zone were abstracted. In
reality, in a changing climate it is likely that such large changes in flows would result in a
change in abstraction licence especially if any large reductions in flow were thought likely
due to climate change.
128. The PDM model is less responsive to higher summer temperatures than HYSIM
Therefore, the flows produced may be higher than those that would be produced by a
HYSIM model of the same catchment. However, the PDM modelled data gave a good fit
to the observed data series at low flows. Equally, it does not seem to show a consistent
marked increase in low flows, although the model does appear to fit low spring flows
better than those in late summer and autumn.
129. If a climate change scenario causes the deployable output of the zone to be reduced, the
new deployable output is recorded for that scenario. The 20 model scenarios are
weighted in the same way as for the Grid SWZ in order to calculate a median, 10th and
90th percentile deployable output for the zone.
130. Table 3.11 shows the calculated deployable outputs for the East SWZ. It shows that for
most of the projections the deployable output is unchanged, confirming the low
vulnerability of the zone.
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Model ID

Weighting

Cumulative
weighting

36

Esk deployable Percentile
output (Ml/d)

1068
0.0095
0.0095
11.8
1628
0.01
0.0195
13
1
0.01
0.0295
13.5
7518
0.1
0.1295
13.5
10th percentile
4882
0.1
0.2295
13.5
1232
0.01
0.2395
13.8
9393
0.01
0.2495
14
5852
0.01
0.2595
14
9051
0.01
0.2695
14
7719
0.01
0.2795
14
1972
0.01
0.2895
14
2619
0.01
0.2995
14
3684
0.025
0.3245
14
3667
0.07
0.3945
14
5787
0.1
0.4945
14
median
9784
0.1
0.5945
14
5669
0.1
0.6945
14
2734
0.1
0.7945
14
3160
0.1
0.8945
14
90th percentile
7772
0.1055
1
14
Table 3.11: East SWZ deployable outputs under 20 climate change projections for
the 2030’s
UKCP09
model ID

16
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14

9393
1628
1
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Figure 3.5: Deployable output profiles over time for the East SWZ
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Environment Agency and Ofwat communication

131. At the end of the HR Wallingford project, in April 2012, we met with Ofwat and with the
local and regional Environment Agency to present our findings and proposed
methodology. They approved of our methodology “providing the results were sensible”.
We agreed to contact them again after our initial deployable output modelling, and again
once we knew of any potential investment driven by climate change. We held a
teleconference in December 2012, once we had completed our initial deployable output
modelling; and in March 2013 we contacted them with an indication of the supply demand
deficit driven by climate change and the nature and cost of likely solutions.

3.7.10 Climate change conclusions
132. Table 3.12 shows the loss of deployable output due to climate change for the Grid SWZ
at the start of each AMP planning period (compared with the base year 2011/12) for the
median climate change projection. For the East SWZ the median deployable output is
14Ml/d throughout the planning period.
AMP

Year

Loss of deployable output
compared with the 2011/12 base
year (Ml/d)

Start of AMP6

2015/16

20.74

Start of AMP7

2020/21

55.32

Start of AMP8

2025/26

89.89

Start of AMP9

2030/31

120.43

Start of AMP10

2035/36

131.38

End of AMP10

2039/40

140.13

Table 3.12: Loss of deployable output for the Grid SWZ at the start of each AMP
period

133. A summary of deployable outputs for both resource zones, and how the deployable
output changes over time, can be found in Appendix 4 of the Climate Change Technical
Submission.
134. Previous analyses indicated that the factor with most influence on the calculated yield of
the our supply system is the inclusion of the 1995/96 drought in the data analysed. The
yield was compared using flow factors, catchment factors, and catchment modelled
inflows. The different methods produced similar results for the same time periods, but
only flow factors could be used for the entire period of record, dating back to the 1920s.
135. We consider that to best estimate our deployable output and level of service, the longest
possible records should be used. This gives the most robust estimates of current
deployable output and of deployable output under climate change scenarios. Only flow
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factors can allow us to use our entire record length, as we do not have calibrated rainfall
runoff models for all of the catchments modelled in our WRAPsim model.
136. The Technical submission: Climate change effect on deployable output details how we
have modelled the effects of climate change on groundwater sources, and the various
sensitivity analyses that have been carried out to investigate the effects of different
UKCP09 model IDs and different emissions scenarios. The relative effect of climate
change on groundwater and surface water sources is also discussed.
137. We are confident that the use of Approach 2.2, using 20 smart samples, offers the best
and most feasible method of using the UKCP09 scenarios to model the effects of climate
on deployable output. We are aware of the high degree of uncertainty associated with the
climate change forecasts, and the nature and consequences of these forecasts.
138. During AMP6 we will continue our investigations into climate change trends, catchment
models, and the use of the UKCP09 and any future projections for water resources
planning.
139. The supply demand balance using UKCP09 scenarios resulted in a deficit in the supply
demand balance from the second year of the 25 year planning horizon. Climate change
can account for the majority of the deficit in the supply demand balance over the years,
with only 26.8Ml/d loss of deployable output due to sustainability reductions. The effect
of the UKCP09 scenario modelling on headroom is discussed fully in the supplementary
Headroom Report.
140. Implications of UKCP09 on groundwater will be considered as part of ongoing work. We
will continue to carry out groundwater modelling to assess the potential impact of climate
change on yield.
141. The relationship between level of service and deployable output is also explored for the
median climate change emissions scenario in the report Technical submission: Climate
change effect on Deployable Output.

3.8

Sustainability reductions

142. Sustainability reductions are derived from the Environment Agency's Restoring
Sustainable Abstractions (RSA) programme. The principle driver behind the reductions is
the Water Framework Directive (WFD), specifically Heavily Modified Water Bodies
(HMWB). All of our reservoirs are either designated as HMWB themselves or are located
within a designated heavily modified river waterbody.
143. Under WFD these types of waterbodies are required to meet Good Ecological Potential
(GEP). One of the measures required to meet GEP is the introduction of a new, or
modification of an existing compensation flow from a reservoir. This impacts on the yield
of individual sources and can affect the deployable output of the whole system.
144. The Environment Agency have identified which reservoirs require flow measures via the
National Environment Programme (NEP) phases 1 and 2. We have modelled the effect
of the new measures on the deployable output of the Grid SWZ using our modelling tool
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WRAPSim. This has resulted in a 26.8Ml/d sustainability reduction. However, the
ongoing options appraisal process, being run in conjunction with the Environment Agency
will determine which schemes are cost beneficial and which are not. Some schemes may
be screened out at this stage and therefore affect the sustainability reduction figure. This
work will be concluded by June 2013.
145. The Environment Agency may identify additional reservoirs requiring flow measures in
subsequent phases of the NEP (NEP3 is August 2013, NEP4 is December 13 and NEP5
is January 2016). We are currently seeking national Environment Agency guidance on
how further changes could be incorporated into the supply demand balance, particularly
with regard to timescales and consultation.
146. For the supply demand balance, the loss of 26.8Ml/d is assumed for the baseline case,
with the range 13.4 to 46.8Ml/d included as scenarios. The losses are phased in during
AMP6. These scenarios are explained fully in the supply demand balance section of this
report. Further details on the modelling of the sustainability reductions and lists of the
reservoirs included are contained in the Technical Submission on Deployable Output.
We expect to have a better idea of which changes will be required by the time we submit
the Final WRMP.

3.9

Outage

147. In accordance with the Environment Agency’s guidelines, we assess outage using the
methodology: Outage Allowances for Water Resource Planning (UKWIR, 1995) For this
plan we derived an outage allowance from available data on outage events between
1998 and 2012.
148. Outage is the temporary loss of deployable output due to planned and unplanned events
(UKWIR, 1995). The UKWIR method assumes past performance is a good indicator of
future performance. We use information on previous outage events to derive an outage
allowance for each zone.
149. Outage results in a reduction in water available for use (WAFU). This is termed a
planning allowance. Headroom, described in Section 3.21, is also a planning allowance
accounted for in the supply demand balance.
150. Further losses are planned as a result of untreated water and water treatment processes.
In accordance with Environment Agency guidelines (Environment Agency, 2012) these
are excluded from the outage assessment and reported separately (see Section 3.16).
151. The Environment Agency requires outage allowances to be assessed at resource zone
level. We produce outage assessments for the dry year annual average scenario for both
the Grid and East SWZs. The East SWZ critical period outage results are the same as
the dry year scenario. The deployable output for the East SWZ is the same for both
scenarios and the outage events identified are relevant to both scenarios.
152. The Grid SWZ outage assessment includes unplanned events, planned events, reservoir
safety events and licence margins. The East SWZ outage assessments include
unplanned and planned events only. As the East SWZ is a small zone relying on a river
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abstraction with support from a spring source, there are no reservoirs to include in the
assessment. Licence margins are only relevant to one river abstraction in the Grid SWZ.
153. We calculate outage for unplanned events, planned events and reservoir safety events
using a probabilistic software model. The data on all events comes from a Yorkshire
Water data recording system known as the KAM (Key Asset Management) database. All
events that impact on our assets are recorded on this database, including any reduction
in the amount of water an asset can produce.

3.10 Unplanned outage
154. Unplanned outages are unforeseen events which occur with sufficient regularity that the
probability and severity of the outage event can be predicted from previous events. The
UKWIR methodology defines the following categories as unplanned outages: pollution of
source, turbidity, nitrates, algae, power and system failure.
155. The methodology prescribes a probabilistic approach to assessing unplanned outage,
which considers the duration and magnitude of previous outage events. We modified this
approach to include frequency of events to make an allowance for the risk of the event
reoccurring.
156. We obtain data on previous unplanned outage events from Yorkshire Water operational
databases and discussions with operational staff. From this data we derive minimum,
average and maximum distributions of duration, magnitude and frequency for individual
outage events. The distributions are considered for each month of the year as some
outage issues, such as algae, do not occur all year.
157. We input the distributions for each event into the outage model. The model uses
probabilistic methods to combine outage data for individual events and determines
monthly unplanned outage for each water resource zone. The monthly outage results for
each zone are provided for a range of certainty levels between zero and 100%. Outage
increases with increasing levels of certainty.
158. It is not economical to plan for a 100% level of certainty. As in previous plan submissions,
we have chosen to plan for the median or 50% level of certainty.

3.11 Reservoir safety outage
159. Statutory requirements of reservoir maintenance require reservoirs to be periodically
drawn down for inspection and repairs. The Grid SWZ outage includes an outage
allowance for loss of yield due to reservoir safety schemes. The East SWZ assessments
do not require an outage allowance for reservoir safety as this zone contains no
impounding reservoirs.
160. We have calculated a total outage allowance for reservoir safety schemes using the
outage probabilistic model. The data used in the model is based on loss of yield
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recorded in Yorkshire Water databases for previous drawdowns recorded over the last 13
years.
161. The model calculates reservoir safety outage for each month of the year over a range of
certainties between zero and 100%. As with unplanned outage, we plan for the 50% level
of certainty.

3.12 Planned outage
162. We assess outage due to planned events for both water resource zones. Planned
outages result from a requirement to maintain the serviceability of assets. Maintenance of
assets, such as water treatment works, river water abstraction works and raw water
transmission mains, has potential to lead to a temporary reduction in deployable output.
163. We schedule the majority of maintenance for periods when demand is low and alternative
sources can be made available. However, this is not always possible and on occasion
planned events do lead to a reduction in deployable output.
164. The Environment Agency planning guidelines state “planned outages must result directly
from programmes declared by utilities under the general headings of maintenance,
capital or revenue in accordance with a utilities policy.”
165. Two planned capital schemes have been identified that have potential to lead to an
outage. These will involve replacing sections of two aqueducts in the Grid SWZ. This will
take 12 to 18 months to deliver. Where possible this work will be minimised or avoided in
dry weather, to reduce any potential outages when resources are needed most. It may
not be possible to avoid outage completely and some loss of resource will result from this
work.
166. Additional outages will also occur as a result of other general maintenance schemes e.g.
replacing pumps at river intakes or rapid gravity filters at water treatment works. In most
cases the schemes will be delivered when there will be no or minimum impact on the
supply demand balance. However, some planned outage will result from these schemes.
167. Planned outage for future events is dependent on the feasibility of delaying the schemes
in a dry year when the water is needed. As water availability and the timing of a dry
period are unknown, it is not possible to provide an accurate estimate of planned outage.
It will range from a value of zero to a yield specific to a particular planned event.
168. To provide an estimate of future planned outage we have used the probabilistic model to
derive a planned outage, based on previous events recorded in the Yorkshire Water
database over 13 years. From this database we derive information on the deployable
output loss, duration and magnitude of individual maintenance events that led to an
outage.
169. In previous plans we have used the average monthly planned outage of all years data to
give the monthly forecast planned outage for each zone. For this plan we have sufficient
planned outage events recorded to include planned outage monthly distributions in the
probabilistic model.
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3.13 Licence margins
170. The Grid SWZ includes an outage allowance due to licence margins.
171. Licence margins represent the difference between volumes theoretically available under
the abstraction licence conditions and volumes that are operationally available.
172. A licence margin outage is applied to one river abstraction in the Grid SWZ where a
reservoir release is used to support the abstraction at times of low flow. When river flows
increase above the critical level there is a time lag between the recovery and stopping the
release, and some water is lost due to over support from the reservoir.
173. The licence margin allowed for at this site is 1Ml/d and is the same as that reported in the
Water Resources Management Plan 2009.

3.14 Total outage
174. The total outage for each resource zone is the sum of the outage components described
above. We calculate total outage for each month of the year. In previous plans we have
based the outage for each resource zone on the August outage results, as this
represents outage during a period when resources can be naturally low. We have
reviewed this assumption for PR14 and concluded the assumption to use August is no
longer appropriate. This is because August is not always the driest month of the year and
in some years (e.g. 2010/11) demand was greater in spring than summer. We are now
basing outage on the average outage for April to September to cover all spring and
summer months.
175. Table 3.13 shows the outage results for the two water resource zones. For the East SWZ
the critical period scenario outage is the same as the dry year annual average scenario.
We assume outage will remain constant throughout the planning period. This assumption
will be reviewed for the Final Water Resources Management Plan when potential
maintenance schemes will be confirmed and we can confidently remove or reduce some
unplanned outage events. Capital schemes will be identified through the Business Plan
which will be submitted to Ofwat in December 2013.
Water Resource Zone
Annual Average Ml/d
East SWZ
0.13
Grid SWZ
52.04
Table 3.13: Resource zone outage

Critical Period Ml/d
0.13
n/a

176. The East SWZ total outage is 0.13Ml/d. To date no planned maintenance or capital
schemes have led to a planned outage in the East SWZ. No schemes are planned for
the next AMP period that could lead to planned outage in the future. The East SWZ
planned outage is therefore zero and the total 0.13Ml/d outage for this zone is due to
unplanned outage.
177. Outage in the East SWZ has reduced since the PR09 submission, when an outage of
0.21Ml/d was reported. The revised lower outage can be attributed to a change in
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frequency of some unplanned outage events. This has been based on the events not
reoccurring, therefore a reduced frequency has been applied to the events.
178. The Grid SWZ total outage is 52.04Ml/d. This is made up of unplanned outage, planned
outage, reservoir safety outage and licence margins. Table 3.14 gives a breakdown of
the Grid SWZ outage for PR14 compared to the PR09 breakdown and an explanation of
any changes. To provide a comparison to the change in methodology the average outage
values for April to September recorded in the PR09 outage assessment have been added
in brackets.
179. In the Water Resources Management Plan 2009 the Grid SWZ total outage was 54.92
Ml/d. The PR14 reassessment of outage has reduced the Grid SWZ outage by 2.88Ml/d
to give 52.04Ml/d. A comparison of PR14 outage values with the April to September
average outage at PR09 shows a slightly higher reduction of 2.98Ml/d.
Outage

Unplanned

Grid SWZ
PR14 (Ml/d)
average Apr Sept
33.90

Planned

8.29

Reservoir safety 8.84
Licence margin 1
Total outage
52.04

Grid SWZ
Factors influencing outage
PR09 (Ml/d)
August (Apr –
Sept)
38.58 (32.4)
Reassessment of individual
events.
Addition of new events.
Removal of events no longer likely
to reoccur.
2.70 (11.6)
Change from using the average
planned outage value for each
month to using the probabilistic
model.
An event at a river intake has
been removed as there were two
events at this same site.
Addition of new events.
12.64 (10.02) Additional data.
1
No change
54.92 (55.02)

Table 3.14: Resource zone outage for Grid SWZ

180. The East SWZ outage allowance is for unplanned events only. Six outage events have
been recorded in this zone. Turbidity has been a problem at the spring source and the
river intake has experienced a number of outages due to turbidity, water quality issues
and intake blockages. The majority (0.1Ml/d) of the East SWZ outage is due to turbidity
at the river source. Water from the spring source is stored at the water treatment works
and can be used for supply until outage events recover.
181. The Grid SWZ outage is a combination of unplanned, planned, reservoir safety and
licence margins. Licence margins, as explained in Section 3.13, are related to one river
intake and remains constant. The other outage categories will vary from year to year.

43

Yorkshire Water | Draft Water Resources Management Plan |

182. The unplanned outage makes up the largest proportion (65%) of the Grid SWZ
allowance. A total of 64 unplanned outage events are included in the probabilistic model.
These are divided into the categories shown in Error! Reference source not found..
hese events are not easy to avoid as the majority are the result of naturally occurring
events or pollution events. To reduce the impact of such events we can blend the water
with high quality water or improve the treatment processes. However, this is not always
possible and outages can occur where we need to stop or reduce the use of a source
until the quality improves.
Unplanned outage category

Percentage of total unplanned
outage

Algae

16

Nitrate

1

Pollution of source

17

System failure

25

Turbidity

41

Table 3.15: Grid SWZ unplanned outage
183. System failure makes up 25% of unplanned outage and is a result of infrastructure
breaking down at water treatment works or abstraction sites. These outages are
generally recovered through general maintenance.
184. We have not identified any potential options that can reduce outage events to include in
our options analysis. Potential capital schemes to reduce unplanned outages will result
from our Business Plan which aims to make improvements to maintain current available
supply. The options include schemes to increase water available or reduce demand.

3.15 Process losses
185. Process losses can also reduce the volume of water available for supply. Process losses
occur during the abstraction and treatment of water before it is put into supply. The
supply demand balance accounts for both raw and treated process losses.

3.15.1 Raw water losses and operational use
186. The components of demand from the raw water source to the distribution system include
the component raw water collected. This is made up of raw water losses, raw water
operational use and non-potable supplies.
187. We do not have any non-potable supply transfers between zones or to adjacent water
companies. There are some non-potable supplies to farm properties, but these volumes
are minor and have been excluded from this draft WRMP.
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188. We review process losses every year and calculate the volume of water lost. PR14 Grid
SWZ raw water losses are based on an average of raw water transmission system losses
for 2010/11 and 2011/12, which gives losses of 2.01Ml/d. No losses were reported for
the East SWZ. We will continue to develop our approach to a total water audit and its
measurement and analysis of raw water losses.
189. Previously we have reported raw water operational use as water used when cleaning raw
water mains. Investigations showed that cleaning occurs every two to three years on our
largest raw water transmission systems, within the Grid SWZ, where sedimentation
results in a loss of supply capacity. Other raw water mains are cleaned on an ad hoc
basis. For this plan we have reviewed raw water operational use and included raw water
released from reservoirs twice a year during valve testing, which is a legal requirement
for reservoir safety.
190. In previous plans we have estimated raw water operational use as 0.25Ml/d within the
Grid SWZ. For this plan the review of operational use to include reservoir valve testing
has increased raw water operational use to 1.94Ml/d for the Grid SWZ. Raw water
operational for the East SWZ is zero as reported previously.
191. In total, Grid SWZ raw water losses and operational use is 3.95Ml/d. East SWZ raw
water losses and operational use is zero. It has been assumed these losses will remain
consistent throughout the 25 year planning period in all zones.

3.15.2 Treated water losses and operational use
192. We have assessed the amount of water lost through the treatment process, known either
as process or washwater, and water lost through sludge disposal. Within Yorkshire
Water, the percentage of water lost through these varies considerably from site to site.
Table 3.16 shows treated water losses and operational use for each water resource zone,
based on an average of 2010/11 and 2011/12 data.
193. Without further evidence, it has been assumed these losses will remain consistent
throughout the 25 year planning period in all zones.
Zone
East SWZ
Grid SWZ

Washwater loss Sludge to
(Ml/d)
loss (Ml/d)
0.00
1.14
2.005
12.57

sewer Total treated water
operational use (Ml/d)
1.14
14.575

Table 3.16: Treated water losses and total operational use

194. Water lost through structural leaks and overflows is minimal and treated water losses
have therefore been reported as zero.
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3.16 Imports and exports
3.16.1 Raw water imports and exports
195. We have no raw water exports, therefore we report zero for all water resource zones. We
receive a raw water import from Severn Trent Water into the Grid SWZ. The import from
Severn Trent Water’s Derwent Valley sources supports demand in the Sheffield area. It is
incorporated into the water resource simulation model of the Yorkshire grid. The volume
of the import is dependent upon both the reservoir storage and the current demand.
196. The Yorkshire Water value modelled for the Severn Trent Water import is 49.16Ml/d. The
Severn Trent average value of their modelled export to Yorkshire Water is 48.58Ml/d.
Yorkshire Water and Severn Trent Water have agreed to use these different values in
their plans, and we believe these values are comparable, as they are very similar (only
0.58Ml/d different) and well within any modelling error. In the PR09 WRMP, we used a
value of 47.03Ml/d. This was based on the Severn Trent Water modelled value, and the
change is due to Severn Trent Water aligning the way they model their import with ours
(previously they used their 4th driest year, whereas now, like us, they use the average).
197. We have modelled the Severn Trent Water import for our 20 climate change models. As
with our other climate change modelling, we have used the median scenario for our
planning tables and used the others to calculate the headroom component for the Severn
Trent Water import. This resulted in a year on year reduction in volume during the
planning period (see planning table WRP1).
198. In previous plans we reported an import from Northumbrian Water in the East SWZ. We
ceased to import raw water from Northumbrian Water’s Scaling Dam reservoir to the East
SWZ in March 2012.
199. Capital improvements at the River Esk water treatment works improved the resource
position in the East SWZ. We therefore reviewed the import agreement with
Northumbrian Water. This resulted in an agreement to reduce the import from April 2004
to a maximum of 0.24Ml/d for a period of 8 years and to cease the import from 2012
onwards.

3.16.2 Treated water exports and imports
200. We have one minor treated water export from the Grid SWZ to Anglian Water. In line
with previous years we have assumed the export is 0.31Ml/d throughout the planning
period.

3.17 Water available for use
3.17.1 Impacts of process losses and outage on deployable output
201. Raw water losses, treatment works water losses and operational use are summed for
each water resource zone. The process losses along with outage are deducted from the
deployable output to give the water available for use (WAFU). Table 3.17 below
summarises the impact of outage and process losses on the deployable output in the
2011/12 base year.
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Water
Resource
Zone

Scenario

Deployable
Output at
2011/12
(Ml/d)
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Outage at
2011/12
(Ml/d)

Process
Losses
(Ml/d)

WAFU at
2011/12
(Ml/d)

Dry year
annual
East SWZ
average and
14.00
0.13
1.14
12.73
critical
period
Grid SWZ
Dry year
annual
1406.82
52.04
18.53
1336.25
average
Table 3.17: Impacts of Grid SWZ outage and process losses on deployable output

3.17.2 Impacts of imports and exports on water available for use
202. The Environment Agency tables adjust WAFU for imports and exports to give the total
water available for use. This is shown in Table 3.18 for the base year of each zone. The
total WAFU is the total supply that can be compared against demand and headroom to
determine if there are any deficits in the supply demand balance.
Water
Resource
Zone

Scenario

WAFU at
2011/12
(Ml/d)

Imports
2011/12
(Ml/d)

Exports
2011/12
(Ml/d)

Total WAFU
at 2011/12
(Ml/d)

Dry year
annual
East SWZ
average and
12.73
0
0
12.73
critical
period
Grid SWZ
Dry year
annual
1336.25
49.16
0.31
1385.10
average
Table 3.18: Impacts of East SWZ outage and process losses on deployable output

3.18 Headroom
203. Headroom is an accepted term in the water industry to define a planning allowance that
water companies include in their supply demand balance. Headroom allows for
uncertainties that could either decrease the forecast WAFU or increase the forecast
demand. The headroom planning allowance is separate to the outage planning
allowance. Headroom uncertainties could result in a permanent impact on the supply
demand balance, whereas outage accounts for temporary reductions in supply.
204. Water companies calculate target headroom and available headroom to ensure demand
will be met over the 25 year planning period. Available headroom is the water available
once the forecast demand is met. Target headroom is the minimum buffer that a water
company should allow between supply and demand for specified uncertainties, except
those due to outages, in the overall supply demand balance (UKWIR, 2002).
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205. Companies need to ensure that actual headroom is greater or equal to the target
headroom throughout the planning period. If actual headroom is less than the target
headroom, measures are taken to ensure the deficit will be met.
206. Headroom is expressed as a function of WAFU. The following equations describe how
available headroom is calculated in the supply demand balance.

207. We calculate target headroom using the UKWIR, 2002 methodology, A Re-evaluation of
the Methodology for Assessing Headroom. The methodology prescribes a probabilistic
approach to assessing headroom, applying probability distributions to individual
headroom components. We use a probabilistic simulation model to derive the target
headroom for the 25 year planning period.

3.19 Headroom components
208. There are two categories of headroom components, those that represent the
uncertainties in the supply forecast and those that represent the uncertainties in the
demand forecast. We consider headroom components for each resource zone
individually to provide target headroom at a resource zone level.
209. We calculate target headroom for a dry year annual average scenario in both zones. We
also calculate the East SWZ target headroom for the critical period scenario.
210. To calculate the PR14 target headroom, we reviewed the PR09 calculations and updated
the individual components. Table 3.19 shows the headroom components considered in
each zone based on the UKWIR, 2002 methodology and Environment Agency 2012
guideline. In accordance with Environment Agency guidelines, we did not include
uncertainty due to CAMS (Catchment Abstraction Management Strategies), sustainability
reductions or time-limited licences.
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Headroom component

East SWZ Dry
year annual
average and
critical period

Grid SWZ Dry
year annual
average

Vulnerable surface water licences

N/A

N/A

Vulnerable groundwater licences

N/A

Included

Bulk transfers

N/A

Included

Gradual pollution

N/A

Included

Accuracy of supply side data

Included

Included

Climate change impact on supply

Included

Included

Accuracy of sub-component data

Included

Included

Demand forecast variation

Included

Included

Uncertainty of impact of climate change on
demand

Included

Included

Table 3.19: Headroom components assessed for each WRZ

211. There is no evidence to suggest any of our surface water assets are at risk over the
planning period. There is one vulnerable groundwater source in the Grid SWZ and a
number of sources at risk from pollution.
212. We included the impact of climate change on source yields in the Grid SWZ and East
SWZ headroom estimates, using the methodology outlined in the Environment Agency
Water resources planning guideline, 2012.
213. In previous climate change analysis we have assumed no climate change impact in the
East SWZ. Climate change has now been added to this review as we have developed a
rainfall runoff model for the River Esk and carried out climate change analyses for the
East SWZ.
214. The Grid SWZ headroom calculation includes a component for uncertainty in the bulk
transfer from Severn Trent Water. There is no evidence to suggest the transfer is at risk
other than reducing due to climate change. Therefore this component accounts for the
uncertainty of the climate change impact on the transfer.
215. Data accuracy impacts on the overall headroom for each zone. Supply data accuracy
uncertainty in surface water zones is due to measurement errors in river flow data and
climatic variations. We forecast the uncertainty will decrease over time as yield estimates
are anticipated to become more accurate. This is due to available inflow records
increasing with time and an expectation that naturalisation calculations will improve.

Yorkshire Water | Draft Water Resources Management Plan |

216. In both the Grid SWZ and the East SWZ we estimate the uncertainty due to supply data
accuracy could increase or decrease water available for use by up to 14% in 2015/16,
decreasing to an increase/decrease of 10% by 2039/40.
217. We attribute the uncertainty in demand data accuracy to measurement error. Demand is
measured by recording the volume of water going into supply, known as distribution input.
The meters we use to record distribution input have an accuracy specification of +/- 2%.
Therefore, for both zones, we estimate demand data accuracy to increase or decrease
distribution input by up to 2%. We have maintained this accuracy over the planning
period.
218. We have carried out a Final Planning headroom scenario for the Grid SWZ. Components
for the uncertainty of new schemes are included in headroom calculations for zones
where options are required to secure supply can meet demand over the planning period.
This is explained in Section 6.18.7.

3.20 Target headroom calculation
219. A probabilistic simulation model is used to calculate target headroom. We use probability
distributions in the model to represent the uncertainties of each individual headroom
component. The model calculates target headroom at five year intervals between
2015/16 and 2039/40. It combines the probability distributions to produce headroom
estimates for levels of certainty between zero and 100%.
220. A headroom estimate with a zero percentile risk would provide no certainty that supply
will meet demand over the planning period. Whereas, a 100th percentile risk would mean
there is no risk supply would not meet demand.
221. The UKWIR methodology does not include guidance on the percentile risk water
companies should plan for in the supply demand balance. The Environment Agency
guidelines do not state a level of target headroom certainty water companies should plan
for but does state 100% certainty is “neither practical nor affordable”.
222. Since 1996, we have invested to provide minimum target headroom of 5% of WAFU. This
follows recommendations from the Uff Enquiry (Uff, 1996) to increase the supply demand
planning margin following the impacts of the 1995/96 drought in the Yorkshire region.
223. In previous plans we have planned for the larger of the 50th percentile (or median) target
headroom estimate and 5% of WAFU. The 50th percentile represents the mid-point
between the zero percentile risk of no certainty supply can meet demand and the 100 th
percentile certainty that supply will meet demand. The Environment Agency guideline
states “companies should accept a higher level of risk in future than at present.”
224. For this plan we have chosen to increase the certainty we plan for in 2015/16 to 75% and
allow an increasing level of risk going forward in the planning period, reducing to 50% by
2039/40. A 100% certainty assumes the worst case scenario for each headroom
component is realised in the same year, which is highly unlikely. It is most likely that the
50th percentile scenario would be realised. However, a 75% certainty takes a more
precautionary approach without risking large investment in schemes that would be
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unnecessary if the worst case does not occur. We believe this provides a more flexible
approach than planning for a percentile risk above 75%. The WRMP is revised every five
years and this allows us to review the supply demand balance and future investment.
225. We assessed the supply demand balance in this plan at target headroom values to
ensure the security of supply is maintained at the current level of service. This
assessment is in line with the Intermediate Approach presented in the UKWIR, 2003,
Economics of Balancing Supply and Demand Methodology.
226. To ensure headroom provides security of supply, we are continuing our policy for
headroom to be no less than 5% of WAFU. Headroom will be the maximum of 5% of
WAFU and the headroom profile from 75% in 2015/16 to 50% in 2039/40.
227. The supply demand balance will achieve a 100% Security of Supply Index for Ofwat
annual reporting in both water resource zones.

3.21 Headroom assessment results
228. Table 3.20 shows the headroom results using the percentile profile for each zone. We
selected a profile decreasing by 5% for each AMP period. This was applied to the East
SWZ. However, the Grid SWZ 70th percentile result is 64.72 Ml/d, 3.73Ml/d greater than
the 75th percentile. To ensure the profile is decreasing we have chosen the 65th
percentile in 2020/21 and continued to reduce this by 5% for each time step until 2039/40
as we would not wish headroom to be below the 50th percentile.
Water
resource
zone

Demand
scenario

Target headroom allowance
2015/16 2020/21 2025/26 2030/31 2035/36 2039/40

Baseline dry Percentile
75%
70%
65%
year annual
Ml/d
average
0.61
0.59
0.55
East SWZ
Baseline
Percentile
75%
70%
65%
critical
Ml/d
0.60
0.56
0.56
period
Baseline dry Percentile
75%
65%
60%
Grid SWZ year annual
Ml/d
60.99 51.71 50.53
average
Table 3.20: Target headroom using the probabilistic model

60%

55%

50%

0.53

0.49

0.41

60%

55%

50%

0.55

0.49

0.43

55%

50%

50%

49.96

35.67

35.22

229. Headroom results for this plan showed that for both resource zones the change to
headroom certainty did not provide a headroom above 5% of WAFU. We plan to
continue to maintain the same minimum headroom allowance used in previous plans.
Therefore, target headroom is calculated as 5% of WAFU for each year of each scenario.
230. Table 3.21 provides a summary of the target headroom based on 5% of WAFU. This is
the headroom that is presented in the WRP1 tables. The table also shows the equivalent
headroom percentile from the probabilistic model. This shows the target headroom
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certainty in 2015/16 is above 75% in both zones. The percentile risk reduces over the
planning period but is above 55% by 2039/40.

Water
resource
zone

East SWZ

Demand
scenario

Target headroom allowance
2015/16 2020/21 2025/26 2030/31 2035/36 2039/40

0.64
0.64
0.64
0.64
0.64
0.64
Baseline dry 5% WAFU
year annual Certainty 75-80% 70-75% 65-70% 65-70% 60-65% 60-65%
average
percentile
Baseline
critical
period

5% WAFU
Certainty
percentile

0.64

0.64

0.64

0.64

0.64

0.64

75-80% 70-75% 65-70% 60-65% 60-65% 60-65%

Baseline dry 5% WAFU 65.48 62.71 60.98 59.45 58.90 58.47
Grid SWZ year annual Certainty 75-80% 65-70% 60-65% 55-60% 55-65% 55-60%
average
percentile
Table 3.21: Target headroom based on 5% of water available for use

231. The only significant change to the East SWZ headroom components for this plan is the
addition of uncertainty of climate change on supply, which did not increase the results of
the chosen probabilistic model above 5% of WAFU.
232. The headroom result for the East SWZ has increased slightly since PR09 from 0.62Ml/d
in PR09 to 0.64Ml/d for PR14. This slight increase in WAFU is due to outage and
process losses reducing, which gives a higher WAFU and impacts on headroom as 5% of
WAFU. The WAFU for the East SWZ remains constant throughout the planning period
as there are no reductions to apply, therefore headroom is constant.
233. A number of changes have been made to the Grid SWZ since the PR09 submission. The
individual components have been reviewed and alterations made to reflect the current
situation and available data. As in the East SWZ, the chosen headroom profile is under
5% of WAFU so the headroom allowance is based on the 5% of WAFU value and not the
selected profile.
234. Grid SWZ headroom at the beginning of the planning period is 65.48Ml/d compared to
64.65Ml/d in the PR09 plan. However, the headroom for PR14 reduces to 58.47Ml/d by
the end of the 25 years whereas in PR09 it reduced only slightly to 64.44Ml/d. The 7Ml/d
reduction in PR14 target headroom is due to WAFU reducing due to sustainability
reductions and climate change. As headroom is 5% of WAFU it also shows a decline over
the planning period.
235. Sensitivity checks have been carried out on the headroom probabilistic model to identify
the components that make up the greatest proportion of headroom.
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236. The headroom components that have the greatest impact on the headroom in the Grid
SWZ are: accuracy of supply side data, uncertainty of the impacts of climate change on
supply and demand forecast variations.
237. Accuracy of supply side data makes up the largest proportion of headroom. However, the
certainty increases over the planning period, having a greater contribution to headroom in
2015/16 compared to 2039/40. The certainty increases as it is assumed data accuracy
will improve over time as more data becomes available and data recording techniques
improve.
238. Climate change uncertainty becomes less certain over the planning period, contributing
less to headroom in 2014/15 compared to 2039/40. Demand forecast variation also
contributes less to headroom in 2014/15 compared to 2039/40.
239. In the East SWZ, accuracy of supply side data and impact of climate change uncertainty
make the greatest contribution to headroom in the probabilistic model. Accuracy of supply
side data follows the same assumptions as in the Grid SWZ, and makes up the majority
of headroom in 2015/16 but by 2039/40 does not impact significantly.
240. The impact of climate change uncertainty has the opposite contribution to headroom and
is not significant in 2015/16 but by 2039/40 makes up the majority of headroom in the
model.
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4 Demand Forecast
241. A 25 year demand forecast has been produced to cover the period 2011/12 to 2039/40.
This forecast is based on assumptions about how the key factors influencing water
demand will change over the plan period.

4.1

Introduction

242. The demand forecast is produced for the company’s two water resource zones, the Grid
SWZ and the East SWZ, individually and also the Yorkshire Water region as a whole.
243. A conservative approach is taken to forecasting demand (dry year annual average),
which includes assumptions of climate change and dry year uplift as standard. In
addition, critical period (peak week) analysis has been performed for the East SWZ as it
is considered to be potentially more vulnerable to short term peaks in demand due to its
reliance on a single source of supply.
244. The demand forecast has been prepared in line with the best practice methodology set
out in the Demand Forecasting Methodology (UKWIR/NRA, 1995) and the Water
resources planning guideline (Environment Agency/Ofwat/Defra/Welsh Government,
2012).
245. The methodology can be simplified to the following process:

246. The methodology includes the forecast of the separate components of customer
demands. The four main components, as defined in Section 4.3, are:






Unmeasured household water delivered;
Measured household water delivered;
Unmeasured non-household water delivered; and
Measured non-household water delivered.

247. Each of the main components has its own set of demand drivers and assumptions for
future growth rates. These include population projections, customers switching to paying
by meter (domestic meter optants), new household connections and the economic
environment.
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248. In addition, there are also minor components of demand, which include: void properties,
operational uses and water taken unbilled. These components are defined in detail in
Section 4.3.
249. The following key data sources and assumptions have been included in the forecast:






Yorkshire Water historical operational data;



Assumed demand in new properties is based on the Code for Sustainable
Homes (Communities and Local Government, 2007); and



Micro-component based household demand forecasts.

Policy based population forecast;
The effect of climate change on demand;
Household projections incorporating data from local planning strategies from
Local Authorities;

250. The change in total demand (distribution input) for water throughout the planning period is
shown in the dry year annual average scenario below.
Demand Ml/d

2014/15
2019/20
2024/25
(end
(end
(end
AMP5)
AMP6)
AMP7)
Grid SWZ
1289.44
1285.63
1292.36
East SWZ
6.99
6.98
7.06
Table 4.1: Dry year annual average demand

4.2

2029/30
(end
AMP8)
1298.98
7.13

2034/35
(end
AMP9)
1303.08
7.18

2039/40
(end
AMP10)
1309.80
7.24

The base year

251. The base year has been defined for the Draft WRMP as 2011/12. This is the latest year
for which outturn data is available.
252. Data for the base year is taken from the annual report to Ofwat 2012, which covers the
year April 2011 to March 2012.
253. Within the annual report to Ofwat the distribution input exceeded the water that can be
accounted for. Therefore the annual report to Ofwat data was adjusted to account for the
surplus water. The maximum likelihood estimation (MLE) technique has been used to
allocate this discrepancy across all components. This is done at a regional level and is
presented in Table 4.2 below. The right hand column (post MLE) is the base year data
used as the basis for the demand forecast.
254. The annual report to Ofwat data was then rebased for the dry year annual average
scenario as detailed in Section 4.3.8 below.
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2011/12

Base
Ml/d

56

Accuracy Confidence
+ or -

Range

% of

Final figures Post Mle

Total Variance Adjustment

rounded

Measured Households

209.08

Consumption

188.31

2%

7.53

2.98%

0.83

189.14

SPL internally metered

11.356

5%

1.14

0.45%

0.12

11.48

SPL externally metered

5.539

5%

0.55

0.22%

0.06

5.60

Meter Underregistration

3.88

50%

3.88

1.53%

0.43

4.30

210.52

Measured Non-Households

275.06

Consumption

258.31

2%

10.33

4.08%

1.13

259.44

4.63

5%

0.46

0.18%

0.05

4.68

12.12

50%

12.12

4.79%

1.33

13.45

Supply Pipe Leakage
Meter Underregistration

Ml/d

277.57

Unmeasured Households

499.41

Consumption

442.91

10%

88.58

35.00%

9.73

452.64

Supply Pipe Leakage

47.641

5%

4.76

1.88%

0.52

48.16

Meter Underregistration

8.86

50%

8.86

3.50%

0.97

9.83

Unmeasured Non-Household

2.44

Consumption

1.81

25%

0.90

0.36%

0.10

1.91

Supply Pipe Leakage

0.629

5%

0.06

0.02%

0.01

0.64

Water Taken Illegally

16.09

50%

16.09

6.36%

1.77

17.86

17.86

Water Taken Legally

14.60

50%

14.60

5.77%

1.60

16.20

22.01

Void Supply Pipe Leakage

5.51

25%

2.75

1.09%

0.30

5.81

Distribution Operational Use

2.72

50%

2.72

1.07%

0.30

3.01

3.01

1,022.19

1,041.14

168.07

168.07

Total Water Delivered (excl DOU)

510.63

2.55

1,022.19

Distribution Losses

194.30

Losses in DMAs
Trunk Main and Service Reservoir
Losses

166.24
28.06

5%
20%

11.22

1.83

4.43%

1.23

19.71%

-5.48

29.29

Water accounted for

1,219.21

1,241.51

27.78

0.0000

Total Supply Pipe Leakage
(incl. void SPL)
Total Leakage

2.23%

1,241.51

0.0000

75.30
269.60

1,241.51

29.29

1,246.99

as % of DI

49.88

6.57%

Distribution Input
Difference

2%

16.62

76.37
22%

Table 4.2: Regional maximum likelihood estimation table

273.73
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4.3

Accounting for demand in the base year
4.3.1

Properties

255. All billed base year property data is provided by Yorkshire Water’s Tariff Team.
256. The number of properties in each customer category is extracted from the Yorkshire
Water billing file.
257. The property data is divided into four main categories:



Measured households - domestic properties with a meter (meter can be
internal or external).



Unmeasured households - domestic properties without a meter that pay for
water based on the rateable value of the property.



Measured non-households - commercial properties/standard business
customers with a meter. This category includes new commercial connections.



Unmeasured non-households - commercial properties without a meter. These
tend to be small businesses/properties, e.g. family shop with flat above, scout
hut, animal troughs etc.

258. Within these main categories there are a number of sub-categories which have differing
demand trends. One sub-category common to all four property categories are voids.
These are properties that are registered as empty on the Yorkshire Water billing file.
Although they have no consumption, they do have some leakage from the supply pipes
which connect the properties to the mains.
259. The measured household category contains: existing measured households, new build
properties (that all pay for water on a metered supply) and domestic meter optants
(DMOs), i.e. those customers opting to install a water meter. The base year includes new
properties built in that year.

4.3.2

Population

260. The population for the base year has been taken from the mid-year estimate (MYE) 2011
published by the Office of National Statistics (ONS).
261. The ONS data is only available by Local Authority level. Therefore the population was
split between the two resource zones by Edge Analytics based on digitised maps of the
resource zone areas. Trend based population estimates were provided for the two
resource zones, which factor in forecasts of birth, death, immigration etc.
262. The measured non-household population is taken as the communal population (prisons,
nursing homes, university halls of residence etc.) from the ONS data. This figure is
subtracted from the total population.
263. The remaining base year population is then allocated to the other three property
categories. This was done using average occupancy rates for measured and
unmeasured households and unmeasured non-households.
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264. We have worked with Edge Analytics to align populations, properties and occupancy
rates in the base year (and forecast years). We have used occupancy data obtained from
a customer survey and from the domestic consumption monitor (DCM). For new builds
(households) we have used information from the WRc (2012) project Water Consumption
of Homes Built to Part G and Code for Sustainable Homes Standards.
265. Occupancy rates are only relevant to those properties which have domestic residents.
Therefore they were only derived for the measured households; unmeasured households;
and mixed use properties within the unmeasured non-households category. These are
primarily domestic use, e.g. small shops with flats over, and their occupancy rate is
assumed to be the same as for unmeasured households.
266. The occupancy rates for each resource zone in the base year are detailed in Table 4.3
below. The same occupancy rates have been assumed for the Grid SWZ and East SWZ,
though they vary between property types.
Measured
Households

Unmeasured
Households

Unmeasured NonHouseholds (mixed use)

Grid SWZ

2.18

2.64

2.64

East SWZ

2.18

2.64

2.64

Table 4.3: Occupancy rates for the different property categories

267. The calculation of the measured households occupancy rate is complicated as there are
three separate occupancy rates within this category. These were for existing measured
households, new builds and DMOs.
268. In addition to the population recorded in the census, there is an additional population
known as ‘hidden and transient’, which would not show up on the census. This category
includes illegal immigrants, second home owners and tourists, which would fall into the
unmeasured household category. A study by Leeds University estimated this population
to be in the region of 69,500. As this population is not included in the census data and
therefore the population forecast, they have been added into the demand forecast as a
set volume of consumption rather than as a population.

4.3.3

Per capita consumption

269. Per capita consumption (PCC) for measured households in the base year was derived by
dividing the known consumption (obtained from the billing file) by the population assigned
to this category. This gave an average PCC of 105.87l/h/d for both water resource zones.
The corresponding reported PCC in the WRMP tables is 108.8l/h/d as this includes an
estimated additional volume due to meter under registration (MUR).
270. PCC for unmeasured households in the base year was derived by dividing the adjusted
consumption by the population. This gave a PCC value of 145.14l/h/d for both water
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resource zones. The corresponding reported PCC in the WRMP tables, which
incorporates MUR and the hidden and transient population consumption, is 154.50l/h/d.
271. Water delivered to unmeasured households is calculated from the unmeasured per capita
consumption (PCC) obtained from the domestic consumption monitor (DCM). The DCM
measures average unmeasured per capita consumption and average unmeasured
household size through analysis of a representative sample of unmeasured properties.
The DCM consists of properties which have logged meters installed but which continue to
pay on an unmeasured basis. The DCM is used to determine PCC at a regional and
resource zone level.
272. Loss of properties from the DCM in recent years has resulted in the survey containing
less than required 1000 properties. In 2012 we carried out a recruitment campaign to
increase the number of properties on the DCM, resulting in an additional 180 properties.
We are currently repeating this activity to recruit another 300 properties. This will bring
the total number of properties to over 1200, which should allow an average of 1000
reporting properties each month.
273. We have completed a logger replacement project in which all manual loggers and cello
loggers have been replaced with telemetered halma loggers. Consumption data from all
DCM properties is now downloaded daily on to our reporting system Netbase.
274. We include an element of sample bias in the PCC estimation, to account for the
frequency of contact from Yorkshire Water and a deficit of high water users in the survey
sample. Following a review by Leeds University, this bias was estimated to be 4%. This
bias is added to the PCC estimated from the DCM.

4.3.4

Metering

275. The split between metered and unmetered properties for the base year was obtained
from the Yorkshire Water billing file.
276. Two adjustments are made to the recorded volume of water by meters. The first is supply
pipe leakage (SPL), which is leakage from pipes located within property boundaries, i.e.
between the Yorkshire Water main and the customers’ taps. The second is meter under
registration (MUR), which is the volume of water that is not recorded by the water meters
due to error in recording.
277. Within the measured households category, the meters can be positioned either internal or
external to the property. The position of the meter is recorded in the billing file.
278. The location of the meter makes a difference in terms of supply pipe losses (SPL)
volume. SPL is the leakage that occurs from pipes located between the water main and
the property. If the meter is internal to the property then the volume of SPL is not
recorded on the meter. However, if the meter is external to the property then the SPL is
captured as part of total consumption by the meter. Therefore the amount of SPL added
to externally metered properties in the demand forecast is lower for the internally metered
properties.
279. SPL is discussed in more detail in section 6.7.
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280. The MUR rate was calculated from annual report to Ofwat data, which gives a volume of
MUR. The calculated rate was therefore the MUR as a percentage of consumption. The
values calculated were as follows:





Measured households

2.0%

Unmeasured households

2.0%

Measured non households

4.7%

281. The 4.7% to measured non-households is the industry average as reported in the annual
reporting to Ofwat.
282. Previously the measured household MUR was 3.7% and unmeasured households 1.1%
based on testing of a sample of meters. For the WRMP MUR has been adjusted to reflect
aging DCM meters and the ongoing meter replacement policy for measured households.
The MUR for both these categories has been adjusted to 2%.
283. A MUR rate does not apply to unmeasured non-households.

4.3.5

Leakage

284. Total leakage for the base year was reported as 273.73Ml/d. This is explained fully in
Section 6.
285. Leakage is composed of several different components:





Service reservoir leakage;
Trunk main leakage; and
Leakage in distribution management areas (DMAs).

286. All of these components are factored into the demand forecast.
287. The leakage associated with service reservoirs and trunk mains is fixed at 28Ml/d (as
reported for the base year) and added into the demand forecast.
288. The leakage in DMAs therefore makes up the remainder of total leakage, with SPL
estimated as 31.2% of this figure. This is based on a survey of SPL at DCM properties
carried out in 2007/08.

4.3.6

Water taken unbilled

289. Water taken unbilled includes water taken legally and illegally that is not paid for by the
customer. It is added into the demand forecast as a separate item rather than being
assigned to a property category. As this water use is unbilled the volume has been
estimated using best available information.
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290. Water taken legally includes water used for fire-fighting and training, standpipe use and
water used at Yorkshire Water sites (which is not recorded on the billing file).
291. Water taken illegally includes occupied voids, illegal hydrant use and illegal connections.
292. The amount of water taken illegally is provided in the annual report to Ofwat. The post
MLE value has been used for the base year.

4.3.7

Operational use

293. The final component of the base year demand is water used knowingly by the company
to meet its statutory obligations. This is known as distribution system operational use
(DSOU) and includes water used for mains flushing, air scouring and water quality
testing.
294. For the base year this is taken as the post MLE volume reported.

4.3.8

Dry year effect

295. In accordance with the Water resources planning guideline (EA/Ofwat/Defra/Welsh
Government, 2012), the demand forecast has been prepared for a dry year annual
average scenario. This is an uplift in demand due to a dry year alone. In historic data
there are a number of years where the uplift in demand has occurred in winter due to
increased leakage. This is not considered to be part of the dry year effect

Amount of uplift
296. To calculate the dry year effect we analysed monthly average demand (distribution input)
for the period January 1999 to March 2012. All winter months with high demand driven by
high leakage were excluded from the analysis for all years where appropriate.
297. The 13 years analysed were categorised as ‘normal’ or ‘dry’ demand, as reported in the
security of demand index.
298. Average demand in the normal and dry years was calculated and is presented in Table
4.4. The demand in 2011/2012 was excluded from this analysis as this was considered to
be a wet year, with supressed demand.
Average ‘dry year’ demand

1297Ml/d

Average ‘normal year’ demand 1282Ml/d
Difference – dry year uplift

15Ml/d

Table 4.4: Comparison of ‘dry year’ and ‘normal year’ demand
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299. Demand in 2011/12 was 1251Ml/d (31Ml/d lower that the average demand in all normal
years since 1999) due to a prolonged cold wet summer. Therefore is in inappropriate to
consider 2011/12 to be a normal year in terms of water demand.
Average demand 2011/12

1251Ml/d

Average ‘normal year’ demand 1282Ml/d
Difference

31Ml/d

Table 4.5: Comparison of 2011/12 demand and average ‘normal year’ demand

300. The 31Ml/d difference between the base year 2011/12 and normal year demand has
been added to the calculated dry year uplift to give a total dry year effect of 46Ml/d.
301. This has been rounded to 50Ml/d as a dry year effect to be added to the 2011/12 base
year demand. This is a fixed uplift that is applied to all years in the plan period, including
the base year, which has been uplifted accordingly.

Allocation of dry year uplift
302. We analysed household and non-household demand in 2011/12 and identified the
elements of customer demand that could be impacted by dry weather.
303. Table 4.6 shows the non-household standard industrial classification (SIC) categories
with potential for dry weather demand increase and the measured demand for these
categories in 2011/12.

Non-household SIC categories with potential for dry
weather demand increase
Animal and dairy products and vegetable processing

2011/12 demand
(Ml/d)
8.3

Manufacture of miscellaneous food and drink

21.7

Pubs, clubs, restaurants and hotels

31.0

Sport, recreation and other personal services

10.8

Agriculture, forestry and fishing

19.8

Total

92

Table 4.6: 2011/12 demand for non household SIC categories impacted by dry year
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304. The total demand for these properties, and measured and unmeasured households in
2011/12 is shown in Table 4.7.
Demand component with potential for 2011/12 demand
dry year uplift
(Ml/d)
Non-household
92

Percentage of
total demand
11%

Household (measured and unmeasured) 723

89%

Total

100%

815

Table 4.7: 2011/12 Total demand for households and non-households (impacted by
dry year effect)

305. This has been used to determine the allocation of the 50Ml/d dry year uplift between
households and non-households, as presented in Table 4.8 (note the 11% and 89% split
has been rounded to 10% and 90%).
Demand component

Percentage of
dry year uplift
10%

Volume of dry
year uplift (Ml/d)
5

Household (measured and
unmeasured)

90%

45

Total

100%

50

Non-household

Table 4.8: Summary of dry year uplift

Split between measured and unmeasured households
306. We have analysed household demand data for 2010/11 and 2011/12 from our domestic
consumption monitor (DCM) and measured customer monitor.
307. The DCM contains in the region of 800 representative unmeasured households and gives
an estimate of unmeasured household demand.
308. The measured customer monitor was established in November 2010 to provide a picture
of actual measured monthly consumption. Due to the read-estimate household billing
cycle and frequency of meter reads, this data is not accurately available from the billing
file. The monitor is made up of 1000 metered properties selected to be representative of
the measured household property base. It provides average monthly household
consumption.
309. The data shows that 2010/11 was considered to be a dry year due to a relatively warm,
dry summer. Whereas 2011/12 was a wet year with lower customer demand.
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310. Data from the DCM and measured customer monitor was used to compare customer
demand in the months April to September in 2010/11 and 2011/12. Table 4.9 compares
the relative uplift in demand calculated for measured and unmeasured household
customers in these two years.
2010/11 uplift (Ml/d)
Measured
Unmeasured
households
households
November 0
0
December 0
0
January 0
0
February 0
0
March
0
0
April
16.6
54.6
May
5.3
10.3
June
11.8
32.8
July
8.1
33.5
August
1.9
13.0
September 3.0
32.9
October 0
0
Average 3.9
14.8
Ratio
1
4
Table 4.9: Measured and unmeasured household uplift

311. This data showed that the average uplift in demand in 2010/11 compared to 2011/12 was
in the ratio 1:4 for measured and unmeasured household customers. This has been used
to determine a dry year uplift percentage split of 20%:80% between measured and
unmeasured properties. This percentage split has been used to allocate the 45Ml/d
household dry year uplift between measured and unmeasured properties.

Inclusion of dry year uplift in the demand forecast
312. The dry year uplift to households (45Ml/d) is applied to the household PCCs as part of the
Experian micro-component model. The model itself is discussed in Section 4.4.3. The
components of demand on which the dry year is considered to have an impact are
personal washing and garden watering.
313. The dry year uplift to non-households (5Ml/d) is added as a flat volume to the total
consumption figures. The uplift is split between measured and unmeasured nonhouseholds in each zone based on the proportion of water delivered to those categories.
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4.3.9

Water resource zones split

314. The annual report to Ofwat data is provided at a company level. The demand forecast
tables are completed at a water resource zone level. Therefore all of the data discussed
above is split between the Grid SWZ and the East SWZ.
315. The split of properties between the two water resource zones is provided as part of the
annual report to Ofwat.
316. The split of population between the two water resource zones is calculated based on the
property numbers in each category and the occupancy rate.
317. For the other components (water taken unbilled, distribution operational use etc.), zone
ratios were used to split the total volume of water between the Grid SWZ and the East
SWZ. This ratio is 0.45% to East SWZ and 99.55% to the Grid SWZ, based on
distribution input.
318. The household dry year effect (45Ml/d) is split between the Grid SWZ and East SWZ
based on the number of unmeasured and measured household properties in the two
zones.
319. The non-household dry year effect (5Ml/d) is split so that 99.04% is allocated to the Grid
SWZ and 0.96% allocated to the East SWZ. This is based on the proportion of nonhouseholds in each zone in the base year.

4.4

Background to forecast changes in demand to 2039/2040
4.4.1

Yorkshire Water policies

Metering strategy
320. We operate a policy of meter optants with moderate promotion. As part of this policy a
meter penetration forecast has been developed. The final assumptions behind this
forecast are as follows:




The forecast for the remainder of AMP5 is taken from the business plan.



From the end of AMP6, a gradual decline in the number of DMOs to
15,000/year in 2030/31 (AMP9), which is then a fixed rate for the rest of the
plan period. This decline reflects the decreasing number of unmeasured
households available to opt and with a financial benefit of opting.

During AMP6 the target is to deliver 200,000 optants over a 5 year period.
This is an increase above the average number of optants in the current AMP
and will be achieved through promotion of metering to ‘vulnerable’ customers
and customers with affordability issues.

321. Figure 4.1 presents the DMOs forecast.
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Domestic Meter Optant Forecast
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Figure 4.1: Domestic meter optants forecast

322. This long term trend means that by 2039/40 approximately 60% of existing households
will be metered.
323. The total annual DMOs are split between the Grid SWZ and East SWZ based on the
distribution observed in 2010/2011 and 2011/2012, which was 99.35% to the Grid SWZ
and 0.65% to the East SWZ.
324. In addition to the DMOs, all new build properties are fitted with a water meter. We
forecast that 80% of all household properties will be metered by 2039/40.
325. The predictions for the split in internal/ external meters are based on current fitting rates
provided by our metering team:





Existing measured properties split 44%:56% external to internal;
New builds split 91%:9% external to internal; and
DMOs split 48%:52% external to internal.

Leakage
326. Base year leakage and our baseline leakage forecast is covered in detail in Section 6.
327. Total leakage is included in the demand forecast and was reported in 2011/12 at
273.7Ml/d. We have calculated the sustainable economic level of leakage (SELL) at
284.6ML/d in 2015/16 (first year of AMP6). We have assumed a smooth profile of
leakage from the base year to 2015/16 and that leakage is fixed at this rate for the rest of
the plan period within our baseline forecast.
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328. As discussed in Section 4.3.5 above, the leakage from service reservoirs and trunk mains
is a fixed volume of 28Ml/d. This is applied throughout the plan period.
329. The majority of leakage is losses in DMAs, as measured by nightline analysis. Of this
31.2% is estimated to be leakage from customer supply pipes. This is based on a survey
of DCM properties carried out in 2007/08.
330. We have two different supply pipe leakage (SPL) rates for household and non-household
properties dependant on whether the property is metered and the location of the meter.
The assumption is that SPL for external metered properties are less than for unmeasured
properties or internally metered properties. This is because it is assumed that the burst
would be identified and repaired more quickly in an externally metered property due to an
increase in customer bills.
331. SPL is added into the demand forecast as a flow rate applied to each property. It is
assumed that SPL for externally metered households is a quarter of that of other
properties. This is based on previous modelling and assessment of the DCM.
332. As the total number of properties varies each year, the SPL rates vary subtly each year
also. Equally, the property numbers within each category vary year on year, and therefore
the total SPL, as opposed to SPL rate, for each category also varies.

Water efficiency savings
333. Our water efficiency strategy is set out in Section 5.
334. The water efficiency savings are built into the demand forecast as a fixed rate of 2Ml/d
each year, in line with the current water efficiency target.
335. This rate is divided between household and non-household properties on a ratio of 3:1
based on current activity levels. The split between the property categories and water
resource zones is based on the percentage of total properties in each category.

4.4.2

Properties, population and occupancy rates

336. The processes for forecasting measured and unmeasured household consumption,
based on properties, population and occupancy rates, are summarised in Figure 4.2 and
Figure 4.3 below.
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Figure 4.2: Measured household consumption forecasting methodology

Figure 4.3: Unmeasured household consumption forecasting methodology
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337. Property data for the base year is extracted from the billing file. This gives numbers of
properties in each customer category.

Measured households
338. The forecast for measured households includes existing measured households, meter
optants and the predicted numbers of new build properties each year.
339. The DMO forecast is discussed in Section 4.3.4 above.
340. The new builds forecast (Figure 4.4) is based on housing projections from local strategies
provided by Local Authorities. These strategies provided the total number of new
properties (320,700) to be built by 2028. The forecast is for a gradual increase in the
number of new builds each year to 2021/22, followed by a gradual decline to 2027/28.
This trajectory is based on information provided by City of Bradford Metropolitan District
Council. Currently this is the only council that has provided an estimate of new builds per
year to 2028, rather than just a total of new properties predicted to be built by 2028.
341. Beyond 2028 the number of new properties per year is forecast to plateau at around
15,000 per year.
342. A total of 511,975 new household properties are forecast to be built in the planning
period. This is an average of 18,285 per year.

Figure 4.4: New build forecast
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Unmeasured households
343. The unmeasured household property forecast shows a decrease in the total number of
properties over the plan period. This is a result of DMOs, which move existing
unmeasured households into the measured household category. This is the only change
to this category.
344. Figure 4.5 shows the property forecast for measured and unmeasured households over
the plan period.

Non-households
345. The unmeasured non-households property forecast is based on the assumption that
there will be no change in the number of properties during the plan period.
346. The measured non-household property forecast includes the forecast number of new
commercial connections per year (Figure 4.6). This information was provided by Loop
(our customer services and billing department). The number of measured non-household
properties therefore increases over the plan period.

Figure 4.5: Household properties forecast
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Figure 4.6: New commercial connections forecast

Void properties
347. It is assumed that the number of void properties (household and non-households) is
maintained at 131,001 over the plan period. This forecast is provided by the income team
in the customer services and billing department (Loop).

Populations and occupancy rates
348. Trend based population forecasts for the 25 year planning horizon (2011 to 2040) have
been produced by the market and information analysts Edge Analytics. We have used
information from Local Authority housing strategies to develop a policy based forecast,
which is used in the demand forecast.
349. The basis of the Edge Analytics trend based population forecast is the ONS mid-year
estimate (MYE) 2011. The projections are linked to the census output area boundaries
and take into account trends in fertility, mortality and migration, and are available at local
authority level. A population estimate is then produced for each of the water resource
zones, the Grid SWZ and East SWZ.
350. The population forecast for the plan period is provided in Figure 4.7 and Table 4.10.
These indicate that both zones will experience a similar percentage increase in
population over the forecasting period. The Grid SWZ shows an increase in population of
17% between the base year and 2040, and the East SWZ shows a percentage increase
in population of 20% over the same period.
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Figure 4.7: Total population forecast

Population
Forecast

2011/12
2014/15 2019/20 2024/25 2029/30 2034/35
2039/40
(Base Year)
(end
(end
(end
(end
(end
(end
AMP5)
AMP6)
AMP7)
AMP8)
AMP9)
AMP10)
Grid SWZ
4,895,369 4,923,565 5,054,083 5,262,979 5,430,870 5,567,257 5,717,948
East SWZ
30,507
30,854
31,684
33,174 34,403
35,411
36,501
Total
4,925,876 4,970,463 5,085,767 5,296,152 5,465,273 5,602,668 5,754,449
Table 4.10: Summary of population forecast by AMP period

351. The total population is split between the different property categories based on
occupancy rates. The occupancy rates are assumed to be the same for the Grid SWZ
and the East SWZ. The split of population between the two resource zones is therefore
based on property numbers.
352. For future years, measured and unmeasured non-household populations are kept
constant over the planning horizon for both resource zones. These populations are then
subtracted from the total zone populations to give total household population.
353. Total household population is then divided by the projected total household properties to
give average household sizes for each year to 2039/40.
354. Trends in the average household size (i.e. year on year percentage change) are then
used as the basis for forecasting future levels of unmeasured household occupancy
rates. The occupancy rate increases gradually through the plan period. This is based on
the assumptions that DMOs will be those households with smaller occupancy rates
because it is more economical for them to switch to a meter. As these properties leave
the category, the properties with larger occupancies will be those that remain. Thereby
increasing the average occupancy rate.
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355. The measured household population is calculated in the same way and is the difference
between total household population and unmeasured household population. The average
occupancy rate for measured households is calculated by dividing the measured
household population by the number of measured households for each year over the plan
period.
356. The occupancy rates for measured households are more complex as this category
comprises three different property types: existing measured, new builds and DMOs.
357. The new builds occupancy rate is based on findings from the WRc (2012) report Water
Consumption of Homes Built to Part G and Code for Sustainable Homes Standards as
discussed in Section 4.3.2. This report gave an average nationwide occupancy rate for
new builds of 2.37. Our forecast is for a gradual decrease in occupancy of new builds to
2.15 in 2027/28, where it plateaus for the remainder of the plan period. This is based on
an assumed need to provide low/single occupancy properties for an increasing elderly
population and a continued rise in single occupancy living.
358. The DMO occupancy rates show a gradual increase. This is based on the assumption
that it is the unmeasured properties with the lowest occupancy rates that will chose to
switch to a meter. Year on year the occupancy rate of the opting properties will increase
as the properties with lower occupancy will already have switched to a meter in previous
years.
359. As discussed in Section 4.3.2, the hidden and transient population, which is not included
in the census, is added into the demand forecast as a volume of water consumed rather
than a population. It has been assumed that this population, and therefore the volume of
water consumed by this population, is fixed throughout the plan period.

4.4.3

Consumption

Per capita consumption (household consumption)
360. Household demand has been forecast using a micro-component approach, which is in
line with the Water resources planning guideline (Environment Agency, 2012).
361. A Yorkshire specific micro-component model (MCM) was produced for the demand
forecast by Experian Business Strategies (Experian). The model produces an
unmeasured household and measured household per capita consumption (PCC)
forecast. The forecasts incorporate a range of water using appliances and project future
use through assumptions around the effects of changes in water efficiency, regulations
and social trends on PCC. The possible emergence of more water efficient appliances in
the future has also been taken into account.
362. The majority of information on appliance ownership within the model was determined by a
Yorkshire Water survey, undertaken in May to June 2012. Where data was unavailable,
Experian used data from previous MCMs and national research sources, including the
Environment Agency and TGI market research data.
363. Results from the survey on appliance ownership were coded by the socio-economic
ACORN classification. This grouping was then used to project appliance ownership in the
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future using techniques developed by Experian, based on forecasts of employment,
occupation and demographic change.
364. Appliance ownership and PCC are affected by the occupancy rate and property numbers.
Therefore the same populations and property forecasts have been used in the MCM and
the demand forecast.
365. The MCM provides the PCC in the following categories:








Toilet use;
Personal washing;
Clothes washing;
Dish washing;
Garden watering; and
Other use (includes plumbing losses, swimming pools, drinking water etc.).

366. Total PCC is summed from the various micro-components and applied to the population
forecasts to derive the household consumption within the demand forecast.
367. Separate PCC estimates are provided for measured households and unmeasured
households within the MCM. It is assumed that household consumption generally
decreases when a property switches to a meter. Therefore it is assumed that the DMOs
PCC is the same as the measured households PCC.
368. The PCC for new builds, which fall into the measured households category, is forecast to
align with the Code for Sustainable Homes (CLG, 2007), with a pre-MLE PCC of 120l/h/d.
This has been built into the PCC for measured households.
369. We provided data to the WRc (2012) project Water Consumption of Homes Built to Part
G and Code for Sustainable Homes Standards, which concluded an average PCC for
new builds of 113l/h/d. These findings support the use of the Code for Sustainable
Homes PCC for the demand forecast.
370. The climate change impact and dry year effect are both built into the MCM. Thereby
allowing the different scenarios to be modelled and incorporated into PCC.

Non-household consumption
371. A forecast for measured non-household consumption was provided by Experian (October
2012). This has been used in the demand forecast as the base volume (pre-MLE, SPL
and MUR).
372. This regional base volume consumption is forecast to fall over the plan period from
258.31Ml/d in the base year to 230.32Ml/d in 2039/40.
373. The Experian forecast includes an econometric analysis to identify the historical
relationship between non-household water demand and explanatory factors, such as
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industrial output and employment. The results of this statistical analysis were combined
with Experian forecasts of output and employment by industry to provide forecasts for the
Yorkshire Water supply area as a whole, and the two resource zones within the supply
area.
374. Unmeasured non-household consumption has been calculated from a PCC value and the
forecast property numbers. The PCC value is assumed to be fixed over the plan period at
118.28Ml/d, which is the base year value from the annual report to Ofwat data. This
volume was determined from a reassessment of the different components of unmeasured
non-household use in 2008/09. The review identified four different types of unmeasured
non-household properties:






Fixed charge properties;
Mixed use properties (i.e. small shops with a residential flat above);
Lock ups or garages; and
Others (e.g. animal troughs, council properties now domestic and mixed
properties with a joint supply).

375. The total use for all unmeasured households was estimated to be 1.98Ml/d. This gives an
average use of 118.28 litres/property/day.
376. As there is predicted to be no change to the number of properties in this category over
the plan period, there is therefore no change in forecast consumption.

Meter under registration
377. MUR is assumed to remain at the base year rate. The values for measured households,
unmeasured households and measured non-households are given in Section 4.3.4. MUR
does not apply to unmeasured non-households.

Hidden and transient consumption
378. The hidden and transient population is discussed in Section 4.3.4. The volume of water
consumed by this population is estimated to be a fixed volume of 8.8Ml/d for the plan
period, and is included within the forecast for water delivered to unmeasured households.

MLE adjustments
379. The MLE adjustments are applied to consumption, SPL and MUR using the rates derived
for the base year (refer to Section 4.2).
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Water taken unbilled
380. The amount of water taken unbilled is assumed to be fixed at the base year volumes
(34.06Ml/d) for the remainder of the plan period.

Distribution system operational use
381. The amount of water used for distribution system operation (e.g. mains flushing, air
scouring, water quality testing etc.) is assumed to be fixed during the plan period at the
base year volume (3.01Ml/d).

4.4.4

Climatic influences on demand

Climate change
382. The reported demand forecast includes an uplift due to climate change.
383. Following guidance from the Environment Agency we have used the Defra commissioned
report Climate Change and Demand for Water (CCDeW, 2003) to determine the potential
impact of climate change on customer demand.
384. We have assumed that the beta low scenario (world markets) is the most appropriate
climate change scenario for the Yorkshire Water region. This is based on a belief that this
will operate as a constrained market with significant oversight and regulation. As a result
we have applied the lowest percentage increase in water use and constrained the annual
incremental increase to a minimum.
385. The selection of climate change scenario was made in consultation with the University of
Leeds in order to increase our understanding of the climate change scenarios and the
potential impact of climate change on demand.
386. The CCDeW beta low uplifts were derived in 2003. The uplift percentages therefore begin
at 0% in 2003. In order to apply these uplifts to the demand forecast these uplifts were
rebased so that they started in 2012/13 at 0% and followed the same incremental
increase as given in the CCDeW report.
387. The CCDeW report states that the major impact of climate change in north east England
is likely to be on garden use and personal washing. Climate change has been applied to
household demand through the MCM and this assumption has therefore been built into
the model. The result is a forecast growth in household demand due to climate change, of
0-0.76%, over the planning period.
388. Figure 4.8 demonstrates the forecast increase in household demand as a result of
climate change.
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Figure 4.8: Impact of climate change on household demand

389. Climate change has not been included in the demand forecast for non-household
properties. This is because there is no evidence of an impact on industrial demand.
Equally, there is little potable water supplied for irrigation purposes therefore we are
assuming no impact on agricultural demand.

Dry year effect
390. The reported demand forecast is for a dry year scenario in accordance with the Water
resources planning guideline (Environment Agency/Ofwat/Defra/Welsh Government,
2012).
391. The dry year uplift of 50Ml/d is applied to every year in the plan period. This is
incorporated into the demand forecast as described in Section 4.3.8.

Peak week
392. Critical period (peak week) analysis has been carried out for the East SWZ only. The
critical period is the average daily demand in the peak week.
393. For the Grid SWZ we plan for a dry year annual average scenario only. Network flexibility
in this zone means it is not susceptible to supply demand issues at times of unusually
high demand.
394. The East SWZ has only a run-of river source (where water is abstracted directly from the
river and not via storage reservoirs or lagoons) and a small spring with limited storage. In
addition, the area is prone to increases in summer population through tourism. It is
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therefore susceptible to peak summer demands and a possible temporary shortfall in
supply.
395. To establish the level of uplift experienced in the East SWZ due to peak demand,
distribution input data for the last 10 years was analysed. Data for the summer months
was normalised to remove any dry year effects and then the maximum uplift (maximum
weekly demand compared to normalised annual average demand) was established. The
maximum uplift established using this method was 2.44Ml/d, which is the uplift observed
in 2003.
396. The demand forecast already includes a 50Ml/d dry year effect, of which 0.61Ml/d is
apportioned to the East SWZ. To calculated the total peak week uplift, this value has
been removed from the maximum uplift to give a value of 2.13Ml/d.
397. The dry year uplift split between households and non-households was based on a 90% to
10% split (Section 4.3.8). This was not considered appropriate to the peak week because
of the larger proportion of non-household properties that would be influenced by peak
demand in this zone (e.g. hotels, restaurants, public facilities) related to tourism. It was
therefore assumed that 60% of the uplift would be to households and 40% to nonhouseholds. Therefore in a peak week these properties would use a higher proportion of
the additional demand.
398. The peak week uplift was applied to the total water delivered to each of the 4 property
categories.
399. The peak week demand is water use driven by a short period of hot dry weather. In a
peak week it is considered that measured households are more likely to use a higher
proportion of water for garden watering to look after their plants than in the dry year
annual average scenario. The split between measured and unmeasured households has
therefore been assigned as 60% to 40% respectively.
400. The split between measured and unmeasured non-households is 96% to 4%, which
corresponds to the dry year uplift, which is based on water delivered in these categories.
401. Figure 4.9 is a plot of distribution input for the East SWZ, which shows the figures for the
dry year annual average and peak week demand forecast.
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Figure 4.9: Comparison of dry year annual average and critical period (peak week)
scenarios for the East SWZ

4.5

Forecast demand to 2039/40
Water delivered

402. The forecast regional water delivered to household properties over the plan period is
presented in Figure 4.10 and Table 4.11. Note that this includes the dry year uplift and
climate change.
403. The measured household water delivered is forecast to increase from 219.6Ml/d in the
base year to 550.7Ml/d by 2039/40. This increase is a combination of increased property
numbers (new builds and DMOs) and climate change.
404. The unmeasured household water delivered is forecast to decrease over the plan period,
from 555.6Ml/d in the base year to 261.8Ml/d in 2039/40. This is due to the number of
customers continuing to opt for a metered supply.
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Household Water Delivered
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Figure 4.10: Water delivered to households

Dry Year Forecast
Water Delivered (Ml/d)

Measured Households
2011/12

2039/40

Unmeasured Households
2011/12

2039/40

Grid SWZ

218.38

547.29

551.93

260.04

East SWZ

1.18

3.41

3.67

1.79

219.56

550.69

555.60

261.83

Total

Table 4.11: Water delivered to households

405. The regional measured non-household water delivered (Figure 4.11 and Tables 4.12) is
forecast to decrease from 282.5Ml/d in the base year to 254.3Ml/d in 2039/40. This is
primarily due to increased water efficiency, particularly within the non-service sector.
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Measured Non-Household Water Delivered
300

Demand (Ml/day)
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Figure 4.11: Water delivered to measured non-households

Measured Non-household 2011/12
Water Delivered (Ml/d)

2039/40

Grid SWZ

281.50

253.40

East SWZ

1.03

0.89

Total

282.53

254.29

Table 4.12: Water delivered to measured non-households

406. The unmeasured non-household water delivered (Figure 4.12 and Table 4.13) increases
very slightly during the plan period, from 2.59Ml/d in the base year to 2.65Ml/d by
2039/40. This is due to a slight increase in total leakage, and therefore SPL in the first
few years.
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Unmeasured Non-Household Water Delivered
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Figure 4.12: Water delivered to unmeasured non-households

Unmeasured Non-household 2011/12
Water Delivered (Ml/d)

2039/40

Grid SWZ

2.56

2.61

East SWZ

0.04

0.04

Total

2.59

2.65

Table 4.13: Water delivered to unmeasured non-households

407. The water delivered to void properties (households and non-households) also increases
slightly due to leakage, and therefore SPL, in the first few years of the plan period.
408. Water taken unbilled is fixed during the plan period.
409. The total water delivered is the sum of water delivered to properties (including voids) and
unbilled water. This is forecast to increase slightly over the plan period from 1100.16Ml/d
in the base year to 1109.46Ml/d in 2039/40.
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Distribution Input
410. Forecast total demand (distribution input) increases over the plan period from 1300.5Ml/d
in the base year to 1317.04Ml/d.
411. Figure 4.13 shows the build-up of the individual components of demand to produce
distribution input.

Figure 4.13: Total distribution input

4.6

Weighted average demand

412. The weighted average demand is a sense check on the dry year (annual average)
demand forecast, required by Ofwat. It represents our view of the demand that we are
most likely to face over the planning period on average. The weighted average demand
will therefore be used to determine the company’s revenue forecast for setting price
limits. It is not used for any other purpose.
413. Calculation of the weighted average demand is based on an assumption of the number of
years that will be dry and the number of years that will be normal over a given period. For
the Yorkshire Water region it has been assumed that 40% of years will be dry years, this
is based on data from the past 10 years (Table 4.14).

83

Yorkshire Water | Draft Water Resources Management Plan |

Year

Dry/Normal

2003

Dry

2004

Normal

2005

Dry

2006

Dry

2007

Normal

2008

Normal

2009

Normal

2010

Dry

2011

Normal

2012

Normal
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Table 4.14: Summary of dry/normal years

414. This produces a final planning weighted average demand forecast (sum of household,
non-household and void demand) as provided in Figure 4.14 and Table 4.15 below.

Weighted Average Demand
1,200.00

Distribution Input (Ml/d)

1,000.00

800.00

600.00

400.00

200.00

-

Normal Year

Dry Year

Weighted Average

Figure 4.14: Weighted average demand

Weighted average demand (Ml/d) 2011/12
Grid SWZ
1,030.32
East SWZ
5.68
1,036.00
Total
Table 4.15: Weighted average demand

2039/40
1,039.41
5.99
1,045.40
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5 Water Efficiency Strategy
5.1

Background

415. Since 1996, water companies have had a duty to promote the efficient use of water to all
customers. Water efficiency is also an integral part of water resource planning. We
continue to actively promote water saving through household and non-household water
efficiency activities. The water savings achieved as a result of this activity are
incorporated into household and non-household demand forecasts.
416. Our current water efficiency strategy aligns with the Ofwat water efficiency target for this
AMP. We aim to reduce water use by 1litre/property/day through water efficiency activity,
a target of 2Ml/d for the Yorkshire region. We achieve this through a combination of
household and non-household water efficiency initiatives.
417. We plan to continue promotion of water efficiency at the current level throughout the 25
year planning period, and have built associated water savings into our demand forecast
at a fixed rate of 2Ml/d.
418. The key themes of our water efficiency plan will continue to be:





Delivery of water efficiency at an economic level;
Communicating the water efficiency message to all our customers; and
A continued drive for innovation and best practice.

419. Customer side management options have been included in the economic appraisal of the
supply demand balance. Increased customer water efficiency through increased
metering, including metering on change of occupancy, and use of water saving devices
and audits, have been included as options to meet the forecast supply demand deficit in
the economic model. This allows future additional water efficiency activity to be planned
at an economic level.
420. We are committed to promoting the benefits of water efficiency to our household and nonhousehold customers. Details of our current strategy are given below.



Provision of cistern devices to household and non-household
customers - we provide water saving devices to individual households,
businesses and community groups.



Water saving packs - household customers can request free water saving
packs. The products offered are a flow reducing showersave, cistern
displacement device, shower timer, tap inserts and self-audit leaflet.
Customers can select which products they would like to receive.



Household retrofit water saving devices - our website contains a link to an
external website where customers can purchase water saving devices to
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retrofit their homes. A number of retrofit devices are also given away to
customers requesting water saving devices for events.



Promotion and sales of water butts to customers - discounted water butts
are available to customers through our website.



Behavioural change – we encourage behaviour changes through:
 Water efficiency information on our website including a water use
calculator;
 Water efficiency tips and self-audit leaflets; and
 The Green Classroom school pack and visits to our education centres.

5.2



Water audits at non-household premises - we provide water audits to our
non-household customers and install appropriate devices to reduce their
water consumption.



Water usage investigations - site usage investigations are carried out by our
customer service and conservation teams. We claim water savings if internal
leaks are identified and fixed as a result of the site visits.

Free supply-pipe repairs

421. We continue to offer free supply pipe repairs to ensure that supply pipe leakage is kept to
a minimum. This contributes to a reduction in demand.
422. Our policy is to raise customer awareness of supply pipe ownership and give options to
manage the associated responsibility. Under the policy we repair a leaking supply pipe
free of charge for household customers, however further repairs are at the customer’s
own expense for two years following repair.

5.3

Metering

423. We operate a free meter option scheme. Details of the scheme are given on our website.
This includes a water use calculator to allow customers to calculate their likely water bill
on a metered supply. A forecast of domestic meter optants is included in the demand
forecast.
424. Water savings are typically seen after the installation of a meter, due to the increased
financial incentive to use less water. These savings are a major contribution to water
efficiency.
425. Currently around 40% of our household customers have a metered supply. We are
forecasting an average of 40,000 optants per year from 2015/16 to 2019/20 as a result of
increased promotion. This is forecast to decrease gradually to 15,000 per annum by
2030/31 as the number of remaining unmetered properties decreases. By 2039/40 we are
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predicting 60% of existing household will be metered. Including all new properties we are
forecasting 80% domestic metering by 2039/40.
426. Metering is instinctively an appropriate method of charging for water and sewerage,
based on payment for use. However, metering is expensive compared to unmeasured
billing and would significantly increase customers’ bills through the additional cost of the
meter, a replacement cost every 10 to 15 years and the ongoing operating costs of
servicing a measured account. The cost of metering coupled with a policy of maintaining
an element of customer choice, results in a continued policy of demand led (meter optant)
domestic metering in Yorkshire.

5.4

Communication campaigns

427. We promote the water efficiency message through interactive customer campaigns. The
aim is to raise awareness and to encourage the use of water saving devices and
behavioural change. The campaigns are developed by our Communications Team to
maximise the use of media and customer interaction, taking the water efficiency message
to a wider audience.
428. The key messages of our campaigns are that:



Water efficiency is easy and everyone can save water through simple lifestyle
changes;



Predictions are for drier summers, therefore water saving will be increasingly
important; and



Water efficiency is important all year round, even when it’s raining.
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6 Leakage forecast
Base year leakage
6.1

Total leakage

429. Since 1995 we have almost halved leakage. This is as a result of increased leakage
detection and repair, and a programme of distribution pressure management.
430. Total leakage is estimated as the sum of distribution losses plus leakage from customer
owned supply pipes.
431. In 2011/12 the actual leakage reported was 273.73Ml/d, against a target of 297.1Ml/d.
The volume of distribution losses was 197.36Ml/d, whereas reported customer supply
pipe leakage was 76.37 Ml/d (Table 6.1).
Component
Distribution losses

Volume Ml/d

Distribution Main leakage

184.01

Trunk Main leakage

27.98

Service Reservoir losses

1.31

Customer supply pipes

76.37

Total

273.73

Table 6.1: Components of total leakage reported in 2011/12

432. Total leakage is calculated using both a total integrated flow (TIF), or top down method,
and a minimum night flow (MNF), or bottom up method. Then a top down/bottom up
reconciliation is applied to assess reconciliation errors using maximum likelihood
estimation (MLE). In 2011/12 this reconciliation error was 2%.
433. This top down/bottom up reconciliation is analysed regularly so that the impacts of
increasing customer metering will be identified early, and any changes in the water
balance investigated.
434. Leakage is calculated and reported using Ofwat approved methodologies. In 2011 we
developed a leakage data improvement plan to implement a number of improvements
from the recommendations made in UKWIR (2011) Report 4 - Estimating, Understanding
and Interpreting Leakage.
435. The data improvement plan has already delivered a number of improvements, for
example, an annual update of the static DMA data, such as property counts. Equally,
several projects are on-going, such as an update of the non-household night use
allowance. The findings of the data improvement plan will be incorporated into the
leakage calculations and economics for the Final WRMP.
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6.2

Distribution losses

436. Distributed losses are estimated as the sum of leakage from distribution mains, trunk
mains and service reservoirs. Leakage from customer owned supply pipes is excluded
from this estimation.

6.3

Distribution mains

437. We continuously assess distribution mains losses through daily monitoring of flow in
Distribution Management Areas (DMAs).
438. The distribution network has been divided into approximately 2,300 DMAs, with an
average size of approximately 900 properties.
439. Approximately 98% of properties are "Category 1" DMAs. These are discrete areas that
are permanently metered and have flows in and out of the area recorded every 15
minutes, from which a nightline can be derived. We aspire to establish 100% coverage,
however we also recognise this may not be economically viable particularly in areas with
complex supply systems, such as some city centres.
440. Monitoring of night-time flows within DMAs, when usage is at its lowest, allows derivation
of leakage estimates. Permanent loggers are installed on DMA meters. The majority of
these are telemetered loggers, using GPRS technology, which enables DMA flow data to
be gathered every 30 minutes for operational purposes and daily for leakage purposes.
441. This data is processed by Netbase (our system for monitoring leakage and pressure
which is used by the majority of UK water companies), which calculates the level of
leakage in each DMA. The 20th percentile of the rolling seven-day minimum of the lowest
one-hour flow during the period midnight to 6am is taken as the minimum night flow. This
is used to produce the DMA’s daily leakage level which is aggregated for weekly, monthly
or annual figures.
442. In 2012/13 we implemented a new system, Campaigns, for prioritising DMAs for detection
within the Netbase system.
443. Leakage entry and exit levels have been established for each DMA, based on the lowest
achievable night flow or modelling to establish background night flows. The target is
based on a night time flow in each DMA, calculated as litres per property per hour, and
excludes an estimate of legitimate night time use by household and non-household
customers.
444. Leakage detection campaigns are prioritised in DMAs with night flows that exceed the
established entry level, with each campaign aiming to reduce leakage to the exit level.
445. Where properties are not within an established DMA and are therefore not monitored, we
undertake a full sounding of the area each year to identify potential leakage.
446. An allowance is made for household night usage, based on flows recorded in our
domestic consumption monitor (DCM). In 2011/12 this allowance was 2.09
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litres/property/hour including plumbing losses. Our DCM was assessed by Edge Analytics
and Leeds University in 2012 and was deemed representative of the domestic population
of Yorkshire.
447. A similar allowance is made for non-household night usage, based on a Managing
Leakage (1994) figure of 8 litres/property/hour. We are in the process of logging a sample
of non-household users to update this allowance as part of our leakage data
improvement plan. This sample will be stratified using Standard Industry Classification
(SIC), in line with UKWIR study (1999) Estimating Legitimate Non-Household Night Use
Allowances. Any updates to this allowance will be retrospectively applied to our leakage
data for use in calculating the baseline leakage and the sustainable economic level of
leakage for the final WRMP.
448. The household night use and non-household night use allowances are subtracted from
the average gross nightline to produce the average net nightline. Exceptional night users
are logged and the logged data subtracted from the DMA net nightline where exceptional
night users are defined as any customer using more than 500 litres/hour. This is the best
estimate of all the leakage within the DMA, including underground SPL.
449. At the time when the nightlines are measured, flows are at the lowest and pressure in the
system tends to be at the highest. Therefore, nightline flows (measured in litres per hour)
would slightly overestimate the daily average. To compensate for this over-estimation,
the conversion of nightlines, from litres per hour to litres per day, has been made by
multiplying the nightline by 22.9 rather than 24 hours. This factor is called the hour day
factor (HDF).
450. Leakage from our distribution mains is estimated as leakage within DMAs minus an
estimate of leakage attributed to customer owned supply pipes (SPL).
451. Leakage detection staff use a variety of traditional techniques such as sounding of
fittings, step-tests, correlator surveys, acoustic noise logger surveys and more innovative
techniques, such as the use of pressure transients. We have invested over £1M in
leakage research and development since 2011.
452. Performance of detection staff is monitored on a range of measures using a combination
of operational reporting and Netbase data.
453. Repairs are carried out by our Service Partner. All repair jobs are tracked in our
operational reporting database so that repair times and backlogs are closely monitored.

6.4

Trunk mains

454. Trunk mains are defined as all mains between the treatment works outlet and the inlet to
DMAs, and include distribution of water to and from service reservoirs. RPS carried out
flow balances on a sample of the trunk mains network and produced a report:
Unaccounted for Water on the Upstream Network (2009). This calculated trunk main
losses to be 2.15% of distribution input.
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455. Further trunk main balances are being analysed to validate this estimate and to identify
any trunk mains for further investigation. Trunk main detection and repair is mainly
reactive due to the difficulties in identifying and pinpointing trunk main leakage.

6.5

Service reservoir leakage

456. There are two components of service reservoir leakage; structural losses and losses due
to overflow.
457. Location of service reservoir leakage is part of our service reservoir maintenance
programme. This is a rolling programme of cleaning and inspection based on a number of
factors, including water quality compliance, asset age, date of last refurbishment and
known structural faults.
458. Following cleaning and inspection a drop test is carried out on the refilled service
reservoir to assess leakage. The reservoir is filled, inlets and outlets are shut off, and
changes in water level over 24 hours are recorded, any drop in level will indicate a leak.
459. Under the rolling inspection programme, all service reservoirs are assessed for leakage
every one to five years. Those reservoirs with the highest risk of leakage/ingress are
prioritised for assessment.

6.6

Service reservoir overflow

460. As well as losses through the structure of service reservoirs, water can be lost through
reservoir overflows. The volume of water lost through a period of overflow is estimated
from the duration of ‘high alarm events’ at service reservoir sites.

6.7

Customer supply pipe leakage

461. The total volume of SPL is estimated to be 31.2% of leakage within DMAs. This was
calculated from an assessment of properties on our Domestic Consumption Monitor
survey. The component loss model, outlined in the UKWIR study (2005) Towards Best
Practice for the Assessment of Supply Pipe Leakage, supports this figure. We are
carrying out research into customer SPL and we will include consideration of any outputs
from this research in the final WRMP.
462. We will provide a free repair service every 2 years for all domestic supply pipes which are
not under buildings. We also provide a commercial service offering assistance for
detection and repair of any commercial supply pipe leaks.
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6.8

Baseline leakage forecast

463. The current leakage target of 297.1Ml/d is the sustainable economic level of leakage
(SELL), as determined in June 2007. Within AMP5 we did not require any options to meet
a supply deficit.
464. The SELL has been re-assessed (see Leakage Economic Appraisal) and the short-run
SELL has reduced to 284.6Ml/d. This has been used as a baseline for modelling the
supply demand balance to identify any deficit.
465. The supply demand balance identified a deficit in the 25 year planning period. Five
phases of additional 5Ml/d reductions in leakage have been assessed against other
options to increase supply or reduce demand. This was found to be both economic and
supported by customers, and will result in leakage reduction below the estimated SELL.
466. Annual leakage targets for the next 25 years have been determined from the long run
economic level of leakage within the optimisation model. This has used the short run
economic level of leakage of 284.6 Ml/d in 2015 as a baseline, and includes the 25Ml/d
phased reduction.
467. Increasing meter penetration does not have a notable impact on leakage targets or the
SELL calculation because it will reduce the level at which customers report supply pipe
leakage. This presents a financial challenge, but it will not have any notable impact on
detected leakage.
468. We have invested over £1M in leakage research and development in the last 2 years and
will continue to commit to innovate. Innovation is necessary to ensure that trunk main
leakage levels can be maintained despite an aging asset, and that detection and repair
costs are achievable at much lower levels of leakage than the basis of the current model.
469. We control installation of pipework associated with new developments, network renewal
schemes, distribution repair and maintenance, to the same asset and engineering
standards. We do not predict notable savings from minimising leakage from new
connections.
470. We have reviewed a component loss model for customer supply pipe leakage, as
recommended by SMC (2012). This has demonstrated that our approach to supply pipe
leakage is appropriate to current levels of leakage.

6.9

Leakage economic appraisal

471. For this Draft WRMP we carried out a leakage economic appraisal to provide the
following information:



Calculation of the sustainable economic level of leakage using the latest
guidelines; and



Consideration of leakage reduction in the least cost option review.
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472. These were considered as part of the supply demand options assessment for the draft
WRMP and form the annual leakage targets from 2013/14 to 2039/40.
473. We calculated our economic level of leakage (ELL) and sustainable economic level of
leakage (SELL) using the Ofwat methodology outlined in Providing best practice
guidance on the inclusion of externalities in the ELL calculation (RPS Water, 2008). We
have already adopted 22 of the 32 recommendations which are targeted at water
companies (9 are aimed at Regulators) from the Environment Agency, Ofwat, Defra,
Review of the calculation of sustainable economic level of leakage and its integration with
water resource management planning, (SMC, October 12), with plans to address the
remaining 10 recommendations prior to the final WRMP.
474. We derived our ELL within the context of meeting the deficit in the supply demand
balance. This involves an integrated approach, taking account of all available resource,
distribution, production and customer side conservation investment options and using the
economic model to select solutions, as discussed above.
475. The results of the appraisal indicate how much further leakage in each resource zone
should be reduced beyond existing targets, as part of an economic solution to remove a
deficit in the supply demand balance. If leakage reduction options are selected as part of
the solution this determines the economic level of leakage for the resource zone. This is
the point at which the cost to increase leakage control activity would be more than
alternative options to close the deficit between supply and demand.
476. The sum of the ELL for each resource zone gives a revised company total economic level
of leakage and future leakage strategy. Further details on the leakage reduction options
are given below. For the 2014 WRMP future benefits and costs of additional active
leakage control were derived from Yorkshire Water specific data. This updated modelling
was carried out by RPS Water consultancy using 3 year average data from 2009/10,
2010/11 and 2011/12.
477. For the Draft WRMP a 3 year average was used because none of these individual years
were considered a sound baseline for future projections because of the extreme winters
suffered in 2009/10 and 2010/11 and because of the significant increase in active
leakage control activity in 2011/12.
478. We have considered an alternative methodology for cost and leakage data where 3
annual data points for each DMA is plotted rather than a single 3 year average data point.
This alternative methodology produced very similar results to the standard 3 year
average methodology.
479. Prior to the Final WRMP 2013/14 data will be reviewed to determine the best baseline for
predicting future economics of leakage.
480. RPS Water used the following Yorkshire Water specific data to determine costs of active
leakage control:



Infrastructure data - property count, mains length, mains material, AZNP,
Hour Day Factor, Infrastructure Condition Factor;
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Leakage detection activity data for all jobs carried out in 2009/10, 2010/11
and 2011/12, including man-hours spent on active leakage control jobs, and
start and end dates of location and repair jobs;



Leakage repair data for all jobs carried out in 2009/10, 2010/11 and 2011/12,
including numbers of repairs, times of repairs and cost of repairs; and



DMA flow and leakage data.

481. For the active leakage control analysis, RPS Water grouped DMAs together in asset
cohorts. They defined cohorts according to the dominant mains material in each DMA.
The mains material groups were asbestos cement, ductile iron, ferrous, plastic and other.
482. The RPS approach to leakage cost estimates includes the natural rate of rise in leakage
(NRR) as well as background leakage as key parameters.
483. Background leakage (BL) is defined using the minimum achievable approach (MAbL) as
the lowest level of leakage that can be detected, and represents the level at which active
leakage control costs are immeasurably high.
484. MAbL was based on the methodology described in the forthcoming RPS/UKWIR report
which developed a predictive model calibrated to a nationally representative data set. The
model was adjusted in this case to use a Yorkshire Water specific night use allowance.
485. Because the East SWZ is a small zone, it was not possible to use MAbL because the
value was too high, causing negative excess leakage. Therefore MAL was used for this
zone.
Methodology
MAL
MAbL

Background Leakage (litres/property/day)
Grid SWZ
East SWZ
Regional Total
62.48
42.84
62.35
40.73
42.84
40.74

Table 6.2: Three year regional MAL and background leakage

486. The methodology used to determine the total natural rate of rise (NRRt) and the detected
natural rate of rise (NRRd) was based on the best practice guidelines developed by RPS
for the UKWIR projects, Natural Rate of Rise in Leakage, (UKWIR, 2005) and Factors
affecting NRR, (UKWIR, 2009).
487. The NRR is defined as the increase in leakage that would occur over a year if no repairs
or other leakage control activity is undertaken. This is the increase in leakage resulting
from the growth of currently running leaks and the breakout of new leaks. It is the level of
leakage that needs to be overcome to allow leakage to be maintained at a given level.
488. Subtraction of the volume equivalent of reported leaks from the NRRt gives an estimate
of NRRd, the leakage that needs to be detected and overcome to maintain leakage at the
same level.
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489. From three years data RPS estimated an NRRt for the region of 262Ml/d over a year, of
which the NRRd proportion is estimated to be 179Ml/d.
490. The methodology used to determine active leakage control cost functions was developed
by RPS in line with “best practice” and is based on the approach referred to as Method B
in the Tripartite Report (WRc and Stone and Webster, 2003). The objective is to establish
the relationship between the marginal cost of active leakage control (detection and
detected repairs) and leakage for each water resource zone.
491. The RPS update of leakage cost functions provided the following:



An estimate of background leakage, NRRt and NRRd for DMAs and
estimated average flow rates;



An estimate of background leakage, NRRt and NRRd for each mains material
cohort (asbestos cement, ductile iron, ferrous, plastic and other);



The relationship between each mains material cohort and leakage enabling
NRR and BL to be estimated for DMAs where the data is not available; and



Average annual DMA detection cost and detected repair costs for mains
material cohorts.

492. RPS used this information to determine a marginal unit cost of active leakage control to
leakage relationship for each cohort, by regression analysis. They then used the resulting
equations to aggregate up to water resource zone level, using the proportions of each
cohort that contribute to each zone.
493. The zone equations were converted to total cost relationships and used to generate
tables for each water resource zone (see Table 6.3 and Table 6.4). The tables give total
annual costs of leakage detection and repair associated with:



The transition from current leakage in a zone to a series of alternative leakage
targets (the costs for zero change from the current target are the 2011/12
baseline leakage costs to meet the current target); and



Associated annual maintenance costs for each alternative leakage target.

Average Target
Leakage (Ml/d)

1.14
1.09
1.03
0.98
0.92
0.86
0.81
0.75

Costs to Reduce Leakage & Combat NRR in 1 Year
Zone: WRZ3 3 year av

Detection Cost (£)

Detected Repair
Cost (£)

£27,165
£29,913
£32,824
£35,934
£39,293
£42,978
£47,115
£51,944

£31,568
£34,761
£38,144
£41,758
£45,662
£49,944
£54,751
£60,362

Total Active
Leakage Control
Cost (£)
£58,734
£64,674
£70,968
£77,692
£84,955
£92,922
£101,866
£112,306

Maintenance Cost of NRR in following Years Zone: WRZ3 3
year av
Detection
Maintenance
Cost (£)
£30,646
£31,671
£32,824
£34,138
£35,660
£37,464
£39,673
£42,523

Detected Repair
Maintenance Cost (£)
£35,613
£36,804
£38,144
£39,670
£41,440
£43,536
£46,103
£49,415

Table 6.3: Active leakage control costs for the East Surface Water Zone

Total NRR
Maintenance
Cost (£)
£66,260
£68,475
£70,968
£73,808
£77,100
£81,000
£85,776
£91,938
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Average Target
Leakage (Ml/d)

276.79
271.79
266.79
261.79
256.79
251.79
246.79
241.79
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Costs to Reduce Leakage & Combat NRR in 1 Year
Zone: WRZ1 3 year av

Detection Cost (£)

Detected Repair
Cost (£)

£5,345,605
£5,698,662
£6,055,977
£6,417,725
£6,784,093
£7,155,282
£7,531,508
£7,913,005

£5,453,490
£5,813,672
£6,178,199
£6,547,248
£6,921,010
£7,299,690
£7,683,509
£8,072,705

Total Active
Leakage Control
Cost (£)
£10,799,095
£11,512,334
£12,234,176
£12,964,973
£13,705,103
£14,454,972
£15,215,018
£15,985,710

Maintenance Cost of NRR in following Years Zone: WRZ1 3
year av
Detection
Maintenance
Cost (£)
£5,939,161
£5,996,616
£6,055,977
£6,117,356
£6,180,875
£6,246,665
£6,314,869
£6,385,646

Detected Repair
Maintenance Cost (£)
£6,059,025
£6,117,639
£6,178,199
£6,240,817
£6,305,617
£6,372,735
£6,442,316
£6,514,521

Total NRR
Maintenance
Cost (£)
£11,998,186
£12,114,255
£12,234,176
£12,358,173
£12,486,492
£12,619,399
£12,757,185
£12,900,167

Table 6.4: Active leakage control costs for the Grid Surface Water Zone
494. The data passed to RPS for these calculations has been reviewed by the Yorkshire
Water auditors (Atkins). The RPS analysis will be audited fully prior to final WRMP.

6.10 Sustainable Economic Level of Leakage
495. Each year we repair leaks in infrastructure to ensure our target leakage level is met. We
base our target leakage level on the sustainable economic level of leakage (SELL). This
is the point at which the cost to repair leaks including the carbon and social costs of
leakage control, is equal to the cost to treat water including the environmental and carbon
costs. At this point there is no overall economic benefit in reducing leakage further.
496. We calculate our SELL using the cost data provided by RPS, and methodologies outlined
in the Ofwat report Providing Best Practice Guidance on the Inclusion of Externalities in
the ELL Calculation, (RPS, 2008) and Environment Agency, Ofwat, Defra, Review of the
calculation of sustainable economic level of leakage and its integration with water
resource management planning, (SMC, Oct 12)
497. Water companies are required to calculate the SELL to ensure their leakage target is set
at an optimal level that includes environmental and financial costs and benefits. Details
on the approach to environmental, carbon and social costs can be found in the subsections following 6.10.1 below.
498. RPS calculated transition and maintenance costs of leakage detection and repair at a
zonal level for both water resource zones. We calculated our SELL using leakage control
cost data at a regional level. We based our SELL on changes to the Grid SWZ leakage
control, assuming any further leakage reduction activity would be in the Grid SWZ.
499. The East SWZ consists of only 13,000 properties and has a limited number of DMAs. It
is not possible to derive meaningful SELL data for this zone.
500. Options to reduce leakage through pressure management, DMA optimisation and mains
renewal have been assessed using this short run SELL methodology to assess the cost
of these options. This has been compared to the benefits in reducing the cost of leakage
control, using predictions based on recent leakage activity, where possible, and results of
other studies, for leakage savings, NRR reduction, detection time savings.
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6.10.1 Short run SELL methodology
501. In total cost models, the short-run SELL may be defined as: “The level of leakage at
which the total net present value (NPV) cost (private and external) of leakage control and
the NPV of the water lost through leakage (private and external) is a minimum over a
given planning period.”
502. Private costs are the financial costs incurred by a water company to reduce leakage or to
treat water subsequently lost through leakage. The external costs are monetary values
applied to the environmental, social and carbon impacts of leakage control and water lost
through leakage.
503. For the short-run SELL calculation, we used a discount rate of 4.5% to calculate the NPV
over an 80 year period, for each of the private and external parameters included in the
marginal cost analysis. This is consistent with the AISCs calculated for all options.
504. We calculated the private and external NPV cost of leakage control and NPV cost of
leakage for achieving a range of target leakage levels in one year and maintaining each
level to the end of the 80 year period, for each of the private and external parameters as
listed below:








Private cost of leakage control;
Social cost of leakage control;
Carbon cost of leakage control;
Private cost of leakage (supply);
Environmental cost of leakage (supply); and
Carbon cost of leakage (supply).

6.10.2 Private cost of leakage control
505. In this assessment we used the private costs of leakage detection and repair calculated
by RPS for a range of leakage levels as outlined above.
506. We have already made improvements, as part of data improvement plan, in updating
pressure data, such as average zone night pressure (AZNP); and in moving from a
company average hour day factor (HDF) to a DMA specific HDF. This will now continue to
be updated annually, or whenever pressure management improvements are
implemented.
507. We are improving the data used for cost and benefits of leakage management by
implementing a new campaigns module within Netbase that will assist in quantifying the
cost and benefits of leakage related activity.

6.10.3 Private cost of leakage
508. The private cost of leakage is the cost of treating the water lost through leakage. This
includes power tariffs, chemicals and sludge treatment and removal.
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509. The total cost of water (TCOW), in £ per Ml/d, was calculated from the cost to treat water
at a range of leakage levels. As leakage increases the total demand increases and more
water is produced. The next cheapest source of water available was selected to supply
the additional demand.
510. As leakage decreases the demand decreases and so use of the more expensive sources
of water is avoided. Therefore there is a reduction in both the total cost of treating water
and in £ per Ml/d.

6.10.4 External cost of leakage control
511. We calculated external marginal costs of the social and carbon impacts of leakage
control, in £ per Ml/d. Both social and carbon costs are calculated per repair and
assumes that the number of repairs necessary to save 1Ml/d of water is a constant at any
level of leakage.
512. The carbon impact of leakage control is created by fuel use by detection and repair
teams; traffic disruption as a result of repairing the leaks; and embodied emissions arising
from the materials used to repair leaks. The calculation methodology and emission
factors follow Providing Best Practice Guidance on the Inclusion of Externalities in the
ELL Calculation, Ofwat/RPS (2008). The Traded Price of Carbon (TPC), applied to all
material emissions; and the Non-Traded Price of Carbon (NTPC), applied to emissions
from transport, worksite emissions and traffic disruption emissions, are in line with the
2012 UKWIR report.
513. The social cost of leakage control is due to pedestrian and traffic delays (arising from leak
repair activities), low pressure, supply interruptions and noise pollution. We based this
cost on the following infrastructure and repair data sources:






Yorkshire Water operational reporting database;



Unit Externality Costs: Providing Best Practice Guidance on the Inclusion of
Externalities in the ELL Calculation, Ofwat/RPS (2008); and



Vehicle speed assumptions: The Environmental and Social Value of Leakage
Reduction, NERA, (1998).

Repair type by road class: Department for Transport statistics ;
Traffic Disruption Data: Yorkshire Water TMA administration;
Low Pressure and Supply Interruptions: Yorkshire Water performance
reporting;

6.10.5 External cost of leakage
514. The external cost of leakage is the environmental and carbon cost of water lost through
leakage. As leakage is reduced the environmental and carbon costs decrease and
therefore both the total cost of leakage and the £ per Ml/d decreases.
515. The environmental impact of leakage is due to abstracting water from the environment.
We based the environmental costs of leakage on the cost of abstracting from the River
Ouse. We derived the base year total environmental cost of leakage from the Q75 (flow
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exceeded 75% of the time) of the River Ouse. For each alternative leakage target we
calculated the impact of the change in leakage on the Q75 then derived the new river
level from a stage discharge relationship for the River Ouse, based on Environment
Agency data. We converted the change in river level to a monetary value, using the cost
calculation from the Environment Agency Benefits Assessment Guidance (BAG) (RPA,
1998), and inflated the cost to current costs.
516. The carbon cost of leakage is the cost of carbon emissions (in £ per Ml/d) produced
during the abstraction, treatment and distribution of water to customers that is lost
through leakage. We calculate this from the 2012 Greenhouse Gas (GHG) Workbook
which converts energy from electricity and fuel use into a volume of CO2e using the most
up-to-date DECC emission factors. The emission as a result of ozonation, water
treatment works waste to landfill and waste recycled to land are also included and taken
directly from the GHG workbook.
517. The 2012 Traded Cost of Carbon has been applied to grid electricity and fuel use
following the recommendations from the UKWIR report. The 2012 non-traded costs of
carbon has been applied to landfill emissions and sludge recycled to land.

6.10.6 Total cost of leakage control
518. For each leakage level we added together the private NPV costs for leakage control and
private NPV costs of leakage to give the total private costs. Likewise, we added the
external NPV costs of leakage control and costs of leakage to give the total external
costs.
519. For each leakage target we then added the private and external total costs to produce the
total cost profile. The short-run SELL is the level of leakage at which the total cost is at a
minimum.
520. Figure 6.1 shows the total cost SELL, demonstrating the use of Yorkshire Water specific
curves (which is particularly important as we approach background leakage, as
recommended by SMC, 2012). In this analysis the total cost SELL is 284.6Ml/d. This will
be reviewed prior to Final Business Plan, to incorporate leakage data from 2012/13 and
any data improvements resulting from outputs of our leakage data improvement plan.
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Figure 6.1: SELL total cost of leakage

521. As we carried out significant pressure management and DMA based mains renewal in
2011/12, near the end of the data set used, the long term benefits of these alternatives to
active leakage control are unlikely to be visible in the data. Therefore adjustments in NRR
and DMA cohort have been made to reflect these activities.
522. The short run SELL is 284.6Ml/d which is 12.5Ml/d below our current leakage target of
297.1Ml/d. This is mainly as a result of increases in private cost of leakage (supply),
which do not offset the observed increases in private cost of leakage control.
523. To assess the impacts of each of the components, we considered a 10% increase or
reduction in all of the components of private cost. This gave a maximum difference in
SELL of 5% (Table 6.5).
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Change in private cost
component

SELL
Ml/d
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%
Total
%
difference cost difference
to total
£/prop to £/prop
SELL

Detection and repair -10%
271.7
-5%
211.11
-6%
Cost of water lost +10%
274.9
-3%
230.13
3%
NRRd –10%
276.4
-3%
211.45
-5%
Detection -10%
278.3
-2%
217.40
-3%
Detected Repair -10%
278.1
-2%
217.28
-3%
Background leakage -10%
276.8
-3%
220.93
-1%
Total SELL
284.6
0%
223.47
0%
Background leakage +10%
292.4
3%
226.03
1%
Detected Repair +10%
290.9
2%
229.56
3%
Detection +10%
290.8
2%
229.44
3%
Cost of water lost - 10%
295.3
4%
216.55
-3%
NRRd +10%
292.3
3%
235.15
5%
Detection and repair +10%
297.1
4%
235.44
5%
Table 6.5: Influence of private cost components on SELL and cost per property

524. We also considered removing each of the external costs in turn to assess impact (Table
6.6).
External component removed

SELL
Ml/d

Total cost
£/property

Total SELL (no components removed)
284.6
223.47
External cost of leakage control: carbon
281.8
220.83
External cost of leakage control: social
276.9
216.12
External cost of leakage: carbon
294.1
217.28
External cost of leakage: environment
322.3
209.61
All external components (private ELL)
323.8
193.62
Table 6.6: Influence of external costs on SELL and cost per property

6.11 Baseline supply demand balance
525. The previous chapters describe how we develop a baseline forecast for supply and
demand for each resource zone. Supply refers to the total water available for use (line
13BL in table WRP1 BL Supply). Demand refers to the sum of distribution input and
target headroom. Target headroom is added to distribution input to ensure supply can
meet a demand greater than the forecast distribution input. This allows for uncertainties in
the components that make up the supply demand balance and gives us greater
confidence we can meet the chosen level of service.
526. The supply forecast is compared against demand to determine if we have sufficient
supply to meet demand over 25 years. If the supply demand balance shows there is a
deficit we will need to invest in schemes to either increase supply or decrease demand to
ensure we can meet our chosen level of service in the future.
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6.12 East Surface Water Zone supply demand balance
527. A supply demand appraisal has been undertaken for the East SWZ dry year annual
average planning scenario and the critical period scenario. Figures 6.2 and 6.3 show the
supply demand balance for these two scenarios. The zone is in surplus throughout the
planning period.
528. In the dry year annual average scenario, supply is 3.7Ml/d or more above demand for
each year of the planning period.
529. The critical period scenario also shows a surplus throughout the planning period. The
surplus for each year is 2.90Ml/d or more. This surplus is less than the dry year annual
average, as demand increases in this scenario to represent the peak period.
530. This zone has a large surplus in both scenarios, therefore no investment is required to
meet the level of service in the East SWZ over the 25 year planning period.

Figure 6.2: East SWZ baseline forecast supply demand deficit between 2015/16 to
2039/40.
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Figure 6.3: East SWZ critical period forecast supply demand deficit between
2015/16 to 2039/40.

6.13 Grid Surface Water Zone supply demand balance
531. The baseline supply demand balance for the Grid SWZ dry year annual average scenario
is shown in Figure 6.4. This shows a substantial deficit which is increasing over the
planning period as the forecast supply cannot meet the forecast demand.
532. The deficit is the result of a continuing decline in water available for supply, due to the
impacts of climate change and sustainability reductions. Climate change is forecast to
create a year on year incremental reduction in supply. Sustainability reductions are
applied between 2014/15 and 2019/20 and maintained going forward.
533. Demand does not show such a critical impact but does, following an initial decline, show
an overall increase of 16Ml/d between base year and 2039/40. This increase would not
be sufficient to drive a deficit if base year supply was maintained, but does exacerbate
the shortfall.
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Figure 6.4: Grid SWZ baseline forecast supply demand deficit between 2015/16
to 2039/40.

534. The Grid SWZ supply demand deficit starts in 2016/17, when demand, including target
headroom, is 2.68Ml/d greater than supply. By 2022/23 supply is below demand and no
headroom is available. The deficit continues increasing to 155.69Ml/d by 2039/40. A
summary of the deficits is given below in Table 6.7.

Planning 2012/13 2013/14 2014/15 2015/16 2020/21 2025/26 2030/31 2035/36 2039/40
scenario
Grid Dry year
0
0
0
0
48.01 90.01 125.85 141.38 155.69
SWZ annual
average
Table 6.7: Summary of the Grid SWZ supply demand deficit across the planning
period

6.14 Options appraisal
535. As a deficit has been identified in the Grid SWZ, we need to invest in schemes that will
either reduce the forecast demand or provide additional supply in the future. There are
numerous schemes that we could implement. To select an appropriate solution to the
deficit we considered the available options and determined which were feasible. We then
carried out an options appraisal as summarised in Figure 6.5.
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Figure 6.5: The process of appraising a set of options
536. The options appraisal initially determines the lowest cost solution, including monetised
environmental, social and carbon costs, as well as economic costs. We have an
optimisation model to determine the least cost solution, based on net present costs. We
then assess this against our customers’ preferences; and environmental, social and
economic factors that cannot be monetised.
537. Once we have taken account of all these factors, we select our preferred solution to meet
the deficit. The options appraisal is described in more detail below.

6.14.1 Types of options available to meet the deficit
538. We have numerous options available to meet a supply demand deficit. These can be
grouped into four categories:



Resource management – options which increase deployable output, such as
new reservoirs or resource transfers.



Production management - options targeted at activities between abstraction
and distribution input.
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Distribution management - options targeted at activities between distribution
input and the point of consumption.



Customer side management - options affecting customers’ use and supply
pipe losses.

6.14.2 Development of potential options
539. We have a range of resource schemes available as options to meet a supply demand
deficit. A workshop was held in April 2012 to bring together Yorkshire Water staff with
knowledge of our supply system and operations. In this workshop we reviewed the PR09
list of options and identified new potential schemes.
540. During the workshop we reviewed the technical, environmental, carbon and social
attributes of each option. The technical attributes considered were yield increase/demand
decrease; construction/delivery costs; time to implement; and asset life of infrastructure.
541. The information collated in the workshop was used to determine which schemes were
feasible options and constrain out those that were not suitable. The information was used
to assess the schemes against the following criteria:





Does the option address the problem?




Is the risk of the option failing acceptable?

Does the option avoid breaching any unalterable constraints?
Is the option promotable/does it meet regulatory and stakeholder
expectations?
Should the option be taken through to the constrained list?

542. Appendix A gives the unconstrained list of options, i.e. all the potential options
considered; and Appendix B gives a brief description of the feasible options. The next
step was to determine build costs and operating costs for each feasible options.
543. Where financial cost data was already available for options, we applied inflation using the
Retail Price Index (RPI). Arup consultants were commissioned to assess and cost the
options for which costs were either not available or there was evidence to suggest
previous costs were inaccurate.

6.14.3 Environmental, social and carbon costs
544. This section describes the methodology to calculate monetised costs for the
environmental, social and carbon impacts of the feasible options. The non-monetised
environmental and social costs were determined in a Sustainable Environmental
Assessment, as described in Section 6.16.
545. We derived carbon, environmental and social costs for all feasible options through a
desktop assessment. We reappraised the costs of schemes previously calculated and
calculated costs for the new schemes.
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546. The Water resources planning guideline, (2012) recommends using the Risk and Policy
Analysts Ltd (RPA) methodology, Benefits Assessment Guidance, (Environment Agency,
2012) to estimate the environmental and social costs for the options. The guidelines also
recommend referring to the Economics of Balancing Supply and Demand Methodology
(UKWIR, 2003) guidelines for the inclusion of environmental and social costs. The RPA
methodology is an updated version of the methodology recommended in the UKWIR
guidance. We inflated all costs from this report to current prices using the retail price
index (RPI).
547. We based the atmospheric carbon impact of each potential solution on the traded price of
carbon, as recommended in the planning guideline. However, we derived the operational
impacts from the A Framework for Accounting for Embodied Carbon in Water Industry
Assets (UKWIR, 2012) and derived the embodied carbon emissions from a Yorkshire
Water based methodology. This methodology will align with the forthcoming UKWIR
methodology for embodied carbon.
548. We developed social costs in relation to traffic from a Yorkshire specific study Lane
Rental Charging – A Way Forward, (Stone and Webster, 2002).
549. Appendix D gives the environmental, social and carbon costs for the Grid SWZ options.

6.14.4 Optimisation model
550. We use an optimisation model to calculate the least cost solution. Since the Water
Resources Management Plan 2009 a new optimisation model has been developed by
Hartley McMaster Ltd on behalf of Yorkshire Water.
551. The optimisation model takes account of all feasible supply and demand options and
optimally schedules investment to meet the projected deficit at minimum net present cost
(NPC). In accordance with Environment Agency guidelines, all costs are discounted over
80 years.
552. The model is populated with the cost data described above and all other parameters such
as time to implement, yield capacity, first practical ‘year available’, interdependencies and
mutual exclusion,s are specified for each option.
553. The economic model utilises a linear/integer programming approach, as described in the
UKWIR report, The Economics of Balancing Supply and Demand, (Environment Agency
and UKWIR, 2002). This is an alternative technique to the average incremental social
cost (AISC) approach for option selection.
554. Where there are only variable costs and no option dependencies, the AISC and integer
programming methodologies will give the same solution. If there are dependencies
between options, the AISC approach may not give the optimal ranking without ‘fine
tuning’, which may result in an alternative solution being overlooked.
555. The integer programme technique selects a schedule of options that will, in aggregate,
meet any projected deficit in each year, from the base year to the end of the 25 year
planning horizon. The selected schedule of options has the least net present value
(NPV).
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556. The output from the model includes AIC (average incremental cost), AISC and NPV
costs, as defined in The Economics of Balancing Supply and Demand, (Environment
Agency and UKWIR, 2002), based on the output of the scheme. The model provides the
data provided in Table WRP3.

6.14.5 Impact of climate change on options
557. The climate change assessment of deployable output (see Section 3.7) identified two
options where the yield is at risk of reducing due to climate change impacts over the
planning period. To account for this in the optimisation model for the Draft WRMP, we
reduced the capacity of these options by 10%. For the Final WRMP we will update the
model to include the forecast year on year reduction due to climate change.

6.14.6 WRAPsim modelling of options
558. The options selected in the least cost solution need to be added to our deployable output
WRAPsim model to determine the option yield, taking into account the hydrological
conditions and infrastructure constraints of the Grid SWZ.
559. In order to cost the scheme, each feasible supply side option is assigned a yield that
could be available from implementing the individual scheme. However, the final yield of
each scheme is influenced by the supply demand balance scenario and the other options
selected. We cannot carry out the WRAPsim modelling of options until after the supply
demand deficit is known.
560. For example, the River Ouse Raw Water Transfer option has a maximum capacity of
60Ml/d but the amount taken will depend on the available treatment capacity at the
receiving water treatment works. We cannot take 60Ml/d if the water treatment works
does not have this spare capacity. We cannot determine the yield an option can provide
until the impacts of climate change and sustainability reductions are known, as these
factors will impact on the volume of water available to treat at treatment works.
561. WRAPsim also needs to consider the cumulative impact of the options selected. The
yield of the scheme may be dependent on the other schemes selected, particularly if the
yields are to be treated at the same treatment works.
562. An initial run of the optimisation model with the schemes at their maximum capacity
provided the schemes to be considered in WRAPsim in correlation with each other. The
yields of options in the optimisation model were then revised to include any reductions
due to hydrological and infrastructure constraints.

6.15 Grid Surface Water Zone least cost solution
563. The optimisation model was run to determine the least cost solution for meeting the
supply demand deficit in the Grid SWZ over the 25 year planning period. This output is
shown in Figure 6.6.
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564. The least cost solution selects a reduction in leakage at the start of the planning period,
followed by eight supply side options to increase deployable output, two options to reduce
process losses at water treatment works and an option to deliver water audits to business
customers.
565. The model selects the least cost options for the 25 year planning period. In some
instances it can be more economical to build a scheme with a large yield which provides
the zone with a temporary surplus for a number of years. This has occurred in year six
and year 12 of the least cost solution.
566. The next stages of the options appraisal takes into account other factors that influence
the solution. We aim to ensure our plan is not creating an unacceptable risk to the
environment, driving unnecessary investment or implementing options that oppose our
customers’ preferences.
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Figure 6.6: Grid SWZ least cost solution
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6.16 Strategic Environmental Assessment and Habitats Regulation Assessment
567. The non-monetised environmental, social and carbon impacts of each option have been
considered in a Strategic Environmental Assessment (SEA). The full output of the SEA is
provided in an Environmental Report, which has a consultation period running in parallel
to the consultation for this plan.
568. We have reviewed all available guidance, Strategic Environmental Assessment and
Habitats Regulation Assessment Directive (UKWIR, 2012) and A Practical Guide to the
Strategic Environmental Assessment (ODPM, 2005), and determined that the WRMP
falls under the SEA. This is because the options for the plan include schemes which
require Environmental Impact Assessment, for example pipeline installation schemes.
569. The SEA and the Draft WRMP options appraisal have been informed by a Habitats
Regulations Assessment (HRA) Screening Report. The SEA and HRA assessments
have influenced the options appraisal to determine a preferred solution that reduces the
risk of detrimental impact to the environment. Figure 6.7 outlines the process for
integrating the SEA and HRA into the options appraisal.

Figure 6.7: Integration of SEA and HRA in the WRMP Process
570. The SEA can add value to the options appraisal process by identifying a wider range of
impacts than can be monetised. It considers both adverse and beneficial potential
environmental effects of feasible options and identifies the cumulative effects of a supply
demand solution.
571. A cumulative, or in-combination, assessment has been undertaken on the preferred
solution (see Section 6.18.1). This involved examining the potential impacts of each of
the water resource management options in combination with each other, as well as in
combination with the implementation of other relevant plans and programmes.
572. In using the SEA in moving to the preferred solution, we have ensured the environmental
and social impacts are not 'double-counted' in both the monetisation process and the
SEA, as this could potentially skew the options and programme appraisal process.
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573. The overall findings of the SEA describe the extent to which objectives for each of the
following topics are met by each of the water resource management plan options.












Biodiversity;
Flora and fauna;
Population and human health;
Material assets and resource use;
Water;
Soil;
Geology and land use;
Air and climate;
Archaeology and cultural heritage; and
Landscape and visual amenity.

574. A nine point impact assessment scale was used, using the effect categories: major
adverse, moderate adverse, minor adverse, neutral/negligible, mixed, uncertain, minor
beneficial, moderate beneficial and major beneficial. This report considers the outputs of
the SEA on the least cost solution and the preferred solution. The SEA outputs for all the
feasible options can be found in the SEA Environmental Report.
575. Figure 6.6 provides a summary of the SEA outputs for the least cost solution. The
majority of impacts are negligible, but there are two solutions having a major adverse
impact and a number of moderate and minor adverse impacts.
576. To reduce the impact of our solution on the environment, we have chosen to remove
three options selected in the least cost solution: Tees to Swale Transfer, South Yorkshire
Groundwater and Re-use Abandoned Groundwater Option 1. The Tees to Swale
Transfer and South Yorkshire Groundwater options were removed as they had a major
adverse impact on one of the objectives. The Re-use Abandoned Groundwater Option 1
would reinstate an abandoned third party groundwater source. This option has been
removed due to uncertainty over the sustainability of abstraction in this area.
577. We re-ran the optimisation model without these three options. The solution selected by
the model included Re-use Abandoned Groundwater Option 2. This option has also
been removed from the solution, as the SEA output highlighted the option pipeline route
as having adverse impacts.
578. Table 6.8 lists the options we have removed based on the SEA outputs and explains our
reasoning. We have chosen to remove four options from the feasible options based on
the SEA outputs. Two of these have a risk of unsustainable impacts on the Sherwood
Sandstone aquifer.
579. The least cost solution also selects the Vale of York Groundwater Option 2 and the East
Yorkshire Groundwater Options 1 and 2, which are also taking water from the Sherwood
Sandstone. Initial discussions with the Environment Agency suggest they do not consider
these options to be unsustainable, but further evidence may be required. The
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Environment Agency is carrying out modelling of the Sherwood Sandstone that will help
confirm the status of these options for the Final WRMP.
580. The Vale of York Groundwater Option 2 will require us to apply for new abstraction
licences. The Environment Agency has indicated these licences could be available but
will be assessed at the time of application.
581. Appendix 14 of the Environment Agency’s Water resources planning guideline
recommends water companies include the net impacts of the solution on water body
status under the Water Framework Directive (WFD) in the environmental and social
assessment. We have assessed the impacts of the preferred solution on the WFD in
Section 6.18.1.
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Figure 6.5: SEA outputs of Grid SWZ least cost solution
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Option
removed based
on SEA

Brief description

Comment

Tees to Swale
River Transfer
Option 1

River transfer from the
River Tees to a Yorkshire
Water WTW

The SEA has highlighted this option as having a
major adverse impact on biodiversity, fauna and
flora

South Yorkshire
Groundwater
Option 1

Install infrastructure that
allows existing
underutilised licence
capacity to be transferred
to other areas of the Grid
SWZ

The SEA has highlighted this option as having a
risk of major adverse impact to groundwater. The
Environment Agency has classed this area as
water stressed and there is a risk the existing
licence could be reduced in future sustainability
reductions. We have removed this option from our
solution for the Draft WRMP. The Environment
Agency is currently in the processing of modelling
the Sherwood Sandstone and the outcome of this
model will determine if this scheme will be a
feasible option for the Final WRMP.

Reuse of
Abandoned
Groundwater
Option 1

Apply for a licence from the
Environment Agency to
abstract from this location

The SEA output has identified this option as a
minor risk to water sustainability. This option is to
abstract from the Sherwood Sandstone which in
some areas is classed as water stressed. We
have consulted the Environment Agency on the
likelihood of the licence being granted and it has
indicated there is uncertainty around the
sustainability of the licence. We have removed
the option from our preferred solution for the Draft
WRMP. The Environment Agency is modelling the
Sherwood Sandstone and may be in a position to
provide confirmation of its status for the Final
WRMP.

Reuse of
Abandoned
Groundwater
Option 2

Apply for a licence from the
Environment Agency to
abstract from this location

The SEA has identified a minor adverse impact on
archaeology and cultural heritage due to the
proposed pipeline route going through an ancient
woodland. It is not possible to propose a feasible
alternative pipeline as it is a built up urban area.
We reviewed this scheme and determined the
social and cultural impact of installing the pipeline
was disproportionate for a yield of 2.5Ml/d.

Table 6.8: Impact of SEA on the least cost solution
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6.17 Customer views on options
582. We carried out research into customer preference and prioritisation of the different
investment options available.
583. A two stage approach using qualitative and quantitative research was used. An
exploratory, qualitative phase was used to refine the options to ensure they were
understood by customers, and the quantitative phase was used to establish which
options consumers preferred.
584. For the qualitative research, four discussion groups were carried out at two separate
locations (Leeds and Bridlington). To cover the key demographics of Yorkshire the
groups were selected to be representative of factors such as socio-economic profile, age,
metered/unmetered supply and urban/rural location.
585. In addition, ten face to face interviews were conducted with businesses. The business
selected were a sample of small, medium and large water volume users.
586. To establish the investment options consumers preferred, and why, 1000 online
quantitative interviews were conducted with domestic customers. All participants were
responsible (either fully or partially) for paying the water bill and quotas were placed on
region, socio-economic group, age and gender to ensure a sample representative of our
customers.
587. Customers were asked to rate a range of options before and after being provided with
information on the cost, environmental impact and security of the yield for each option.
588. Initially customers preference was for mains replacement and leakage reduction. Priority
was also given to schemes such as reservoir de-silting, water efficiency and supply pipe
renewal.
589. When provided with cost, environmental impact and yield security information, preference
was for leakage reduction, metering and water mains replacement.
590. In both the qualitative and quantitative research preference was towards options that
saved water. Options that increase available supply were less attractive to customers due
to a perceived negative environmental impact.
591. Business customers also preferred leakage reduction, mains replacement and metering
over the other options presented. The prioritisation was to use existing water supplies
more efficiently and to conserve existing supplies before increasing available supply.

6.18 Grid Surface Water Zone preferred solution
592. In selecting our preferred solution we have aimed to provide a solution that minimises the
environmental and social risks of the least cost solution and is flexible to an uncertain
future, while remaining cost efficient.
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593. Our preferred solution to meet the forecasted Grid SWZ dry year annual average deficit
has been determined using the following criteria:



Meets the supply demand deficit whilst maintaining the current level of service
of 1 in 25 year temporary use bans;






Is a cost efficient solution;
Aligns with the aspirations of our Strategic Business Objectives;
Aligns with the business plan objectives; and
Minimises the environmental impacts as determined by the Strategic
Environmental Assessment.

594. The influence of the SEA outputs on our least cost solution are discussed in Section 6.16
above. We removed the options listed in Table 6.8 from the optimisation model and ran
the model again to provide our preferred solution, presented in Figure 6.9.
595. The preferred solution provides a balance of demand reduction options and options to
increase supply. The demand side options will meet our customers’ aspirations and our
business objectives to take less from the environment and reduce leakage further. The
additional supply side solutions will ensure water is available for supply in the future, and
add further adaptability and resilience to the grid.
596. Demand reduction will be achieved by reducing leakage through an additional 25Ml/d
active leakage control from the start of the planning period, then further leakage reduction
will be achieved through pressure management in year 11 and supply pipe leakage
reduction in year 12. Reduction in water treatment work process losses in years 10 and
16 will also reduce the need for additional supply.
597. Supply side options selected include numerous schemes (maximising existing licences,
additional ground and surface water abstractions and dam raising) providing yields from
0.05Ml/d in dam raising to 45Ml/d installing infrastructure to utilise an existing abstraction
licence.

6.18.1 SEA of preferred solution
598. Table 6.9 gives the SEA outputs for the preferred solution. A summary of the SEA output
of the least cost solution compared to the preferred solution is given in Figure 6.6. This
shows the major adverse SEA outputs have been removed and the minor and moderate
outputs compared to benefits are fairly similar. The preferred solution includes a greater
number of SEA outputs as it brings in a greater number of options.
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6.18.2 SEA cumulative impact assessment
599. A cumulative assessment of the preferred programme was undertaken to consider
whether the preferred solution options, when constructed or operated together led to
additional effects on each of the SEA topics.
600. The majority of leakage options and process loss reduction options are mutually
compatible, with implementation of each option in parallel increasing the overall
volume of water savings made. However, there is a risk that the simultaneous
implementation of the leakage reduction schemes C8 and D1 could lead to
cumulative adverse impacts, whereby disturbance to ecology and the human
population could occur sequentially. This is expected to occur only in a minor way
and should be effectively mitigated through careful project management.
601. The majority of distribution (water transfer options) and resource management
options are mutually compatible, with implementation of each option in parallel
increasing the overall volume of reliable water supplies. There are potential risks of
cumulative adverse effects with respect to scheme R49 operating in combination with
schemes R5 and R12 (abstractions from the same Sherwood Sandstone aquifer), as
well as between Schemes R3 and D20 (abstractions from the River Ouse). However,
the effects on SEA topics are neither enhanced nor aggravated by these schemes
being operated cumulatively.
602. At a programme level, no significant cumulative effects have been identified between
the Draft WRMP and the WRMPs and Drought Plans of other neighbouring water
companies. Equally, no significant cumulative effects have been assessed in
combination with the Humber River Basin Management Plan, local development
plans, or other development projects in the Yorkshire Water region (including
infrastructure projects such as the HS2 rail link to Leeds).

6.18.3 Mitigation and monitoring
603. Consideration of mitigation measures has been an integral part of the SEA process.
The SEA appraisals have been based on residual impacts that are likely to remain
after the implementation of reasonable mitigation.
604. During implementation of one or more water resource management plan options,
appropriate monitoring has been identified to track any potential environmental
effects which will in turn trigger deployment of suitable and practicable mitigation
measures. Prior to implementation, we will review the specific requirements for
environmental monitoring in consultation with the Environment Agency, Natural
England and English Heritage.
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6.18.4 Habitats Regulations Assessment and Water Framework Directive
Assessment
605. The HRA screening assessment of the preferred solution has concluded that, with
mitigation taken into account, the preferred plan is not likely to have significant effects
on the integrity of any European sites based on current information and designations.
606. Our preferred programme for the draft WRMP includes 21 options, of which 12 are
supply-side options that require WFD assessment. The remaining options are either
demand-side or production options that have no impact on the status of WFD
waterbodies.
607. The majority of the schemes in the preferred solution are groundwater or river
abstraction schemes. Consequently, it is primarily groundwater and river WFD
waterbodies that are affected by the schemes. However, the two reservoir dam
raising schemes will also affect lake WFD waterbodies.
608. The WFD assessment concludes that:



All schemes would lead to no deterioration of waterbody status and are
therefore compliant with Objective 1 for the WFD.



Scheme R49 (East Yorkshire Groundwater Option 2) has the potential to
impede the achievement of good quality status for that particular
groundwater waterbody, making the scheme non-compliant with Objective
2 for the WFD. Further investigation is required to assess the potential
impacts of this scheme.



Scheme R49 (East Yorkshire Groundwater Option 2) has the potential to
compromise good quality status for that particular groundwater
waterbody, making the scheme non-compliant with Objective 3 for the
WFD. Further investigation is required to assess the potential impacts of
this scheme.



All schemes lead to no adverse effects on other waterbodies and are
therefore compliant with Objective 4 for the WFD.



None of the proposed schemes in the Preferred Programme contribute to
the attainment of WFD objectives for river waterbodies or to the
attainment of GQS or QCS for groundwater waterbodies.

609. The assessment suggests that none of the proposed schemes would result in a
change in status of any of the river, groundwater or lake WFD waterbodies affected.
The preferred programme can therefore be considered compliant with objective 1 of
the WFD assessment.
610. Scheme R49 is not compliant with objective 2 and 3 of the WFD assessment,
although this conclusion is precautionary and requires further investigation to reduce
the uncertainty in this assessment.
611. Cumulative assessment for schemes R8a and R8b (Vale of York scheme) requires
further investigation to confirm no deterioration in waterbody status if operated
together.
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6.18.5 Customer preferences to preferred solution
612. Our customer survey highlighted our customers considered demand reduction
options to be their preferred solutions. The least cost solution provided 27Ml/d of
demand reduction, through additional leakage control activity and improvements to
water treatment works. Our preferred solution provides a greater volume of demand
reduction at 35Ml/d.
613. Our least cost and our preferred solution selected the active leakage control options
at the beginning of the planning period as these are the most economical options.
614. The preferred solution selected further leakage reduction options, through pressure
management and supply pipe leakage to be implemented later in the planning period.
615. The preferred solution did not include business customer audits as selected in the
least cost solution, and neither solution included additional metering options.
616. Water efficiency and metering are delivered in our baseline scenario. We will continue
to drive water efficiency through the activity discussed in Section 5. Our AMP 6
metering strategy aims to increase the number of meter optants to an average of
40,000 per a year.
617. Demand reduction and process losses provide 25% of the total deficit, of which 16%
will be delivered in the first five years of the plan. Demand reduction is partially
dependent on developments in leakage reduction techniques. We believe that in
future WRMPs, we will be able to reduce leakage further, which will reduce the
number of supply side options we are proposing in this plan.

6.18.6 Preferred solution flexibility
618. The Environment Agency guidelines state that where a “company faces an uncertain
resource situation in the future a number of small options might allow more flexibility
than one large option.”
619. The majority of the supply side options provide a relatively low yield, each meeting
less than 9% of the required total deficit. The advantage of multiple low yield options
is that implementation can be delayed if the forecast deficit does not occur. This is
considered appropriate when the majority of the deficit is due to potential impacts of
climate change that are not certain.
620. The largest option selected in terms of volume is the Ouse Raw Water Transfer,
which provides 45Ml/d. Although this yield is relatively large compared to the other
options, it meets less than 30% of the required total deficit, and only 3.5% of the total
demand for the Grid SWZ. We consider this to be acceptable against a large total
deficit, particularly when it can be delivered at a relatively low cost.
621. In the least cost solution, the Tees Transfer also provided a large yield, but it has
been removed from the preferred solution based on the SEA.
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622. The Ouse Raw Water Transfer is selected in year 6 of the preferred solution,
providing a surplus until year 9. To meet the Environment Agency expectations on
flexible options, we have applied some sensitivity testing to the yield of this scheme.
The build costs of the scheme have remained the same to determine if this option is
still cost effective when providing a lower yield.
Ouse Raw Water Transfer Scenario

Optimisation model output

Maximum yield decreased to 33.75Ml/d, Selected in year 6
(75%)
Maximum yield decreased to 22.5Ml/d, Selected in year 9
(50%)
Maximum yield decreased to 11.25Ml/d, Not selected
(25%)
Yield amended to reflect its utilisation
yield for years 6 to 9, instead of its
maximum capacity

Selected in year 6

Table 6.10: Ouse Raw Water Transfer sensitivity testing

623. The Ouse Raw Water Transfer option utilises an existing Yorkshire Water licence that
is classed as sustainable in the Environment Agency Catchment Abstraction
Management Strategy. Investment is required for installation of a pipeline to deliver
the water to an existing treatment works with spare capacity. This means we can
obtain an environmentally sustainable, high yield at a relatively low cost.
624. Table 6.10 shows the Ouse Raw Water Abstraction scheme is still selected if the
yield is reduced to 75%, 50% of dry year utilisation. At 25% it would no longer be
considered cost effective.
625. We consider this option to be a good solution to an uncertain deficit as it secures our
level of service for the forecast supply demand balance and is still cost effective at
considerably lower yields.
626. For the preferred scenario, we have altered the yield of this scheme in the
optimisation model to its dry year utilisation yield for years 6 to 9. The optimisation
model still selects this option at the same build cost (Figure 6.11 and Figure 6.12).
627. Table 6.11 shows the yield of each scheme; the year we will need to start investment
to deliver the schemes; and the year when the yield will be available.
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Option

D1a
D1b
D1c
D1d
D1e
R9
R12
R49
D20
P1c
D2
R8a
R8b
C8
R5
R18c
R19
P1e
R3
R31
R34

Active Leakage Control in DMAs
Active Leakage Control in DMAs
Active Leakage Control in DMAs
Active Leakage Control in DMAs
Active Leakage Control in DMAs
North Yorkshire Groundwater
East Yorkshire Groundwater Option 1
East Yorkshire Groundwater Option 2
Ouse Raw Water Transfer
Reduction in WTW process losses Option 3
Pressure Management (leakage reduction)
Vale of York Boreholes - Option 1
Vale of York Boreholes - Option 2
Supply Pipe Leakage Reduction
Aquifer Storage and Recovery Scheme 1
Dam Raising Option 2
Dam Raising Option 3
Reduction in WTW process losses Option 5
Increased River Ouse pump storage capacity
River Aire Abstraction Option 1
River Calder Abstraction Option 1
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Build start Yield start
year
year
2016/17
2016/17
2017/18
2017/18
2018/19
2017/18
2015/16
2017/18
2018/19
2021/22
2025/26
2020/21
2020/21
2025/26
2023/24
2025/26
2025/26
2027/28
2029/30
2027/28
2031/32

2016/17
2016/17
2017/18
2017/18
2018/19
2019/20
2019/20
2019/20
2020/21
2024/25
2025/26
2025/26
2025/26
2026/27
2028/29
2030/31
2030/31
2030/31
2031/32
2034/35
2037/38
Total (Ml/d)

Scheme
yield
(Ml/d)
5
5
5
5
5
1.5
6.17
3.87
45
0.42
4.55
6.69
13.4
4.16
12.5
0.05
2
0.56
10
10
10
155.86

Table 6.11: Start date and yield of the optimised baseline dry year annual
average scenario solutions

Yorkshire Water | Draft Water Resources Management Plan |

Figure 6.9: Grid SWZ preferred solution for the baseline dry year annual average scenario
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Figure 6.10: Grid SWZ preferred solution for the baseline dry year annual average scenario with phased Ouse Raw Water Transfer
from year 6
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628. The preferred solution has selected options providing a variety of yields with
investment often required in advance of when the yield is required. A number of
options have long lead in times, whereas others, such as leakage control, do not
require investment until the same year the yield is required.
629. The Ouse Raw Water Transfer yield is required in 2020/21 which means that
planning, investment, and construction of the scheme needs to start two years in
advance. We also require three groundwater abstraction schemes to be delivered
within the first five years of the planning period
630. The majority of the supply side schemes will utilise existing licences, providing
additional supply and increasing the ability to move water around the Grid SWZ. This
will allow additional internal transfers that will enhance the resilience of the grid
system.
631. Although there is a risk of investing in schemes that may not be required in the future,
we consider this to be appropriate to provide security against the impacts of climate
change.
632. The WRMP is reviewed every five years and this will allow us to reassess the climate
change risk. It is highly unlikely that the risk of climate change will be removed from
the plan, therefore the investment at the start of this planning period will provide
security against future reductions. If in the next WRMP the climate change risks are
lower, and the investment this plan has forecast from 2020/21 onwards is not
required, it will be removed from the 25 year plan.
633. The options selected for the mid-planning period include pressure management;
reducing water treatment works losses; groundwater abstractions in the Vale of York;
and two dam raising schemes. Dam raising has been identified by the SEA as
contentious as it has potential to impact on sensitive and designated habitats both
during construction and on completion. We have extended the planning lead-in time
for these scheme, to allow for environmental impact assessments and for a full public
enquiry, if objections are raised.
634. The options that close the final 30Ml/d supply demand deficit at the end of the
planning period include increasing an existing licence abstraction on the River Ouse
by 10Ml/d, and two 10Ml/d river abstractions, one on the River Aire and one on the
River Calder.
635. The two new river abstraction options are considered feasible as the Environment
Agency CAMS suggest the volumes we propose to abstract are sustainable.
636. We will fully comply with the requirements of The Water Supply (Water Quality)
Regulations 2000 (as amended 2007 and 2010) Regulation 15, when considering
introducing any new sources to be used ultimately for drinking water. Specifically, we
will meet the arrangements stated in DWI Information Letter 06/2012, around
providing adequate information to the DWI; appropriate sampling and monitoring;
reporting requirements; and following our Drinking Water Safety Planning risk
assessment methodology and submission of Regulation 28 documentation as
necessary.
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637. If the preferred solution were to be implemented precisely as it appears in Figure 6.10
and Table 6.11, the supply demand balance across the planning period would be as
presented in Figure 6.11.
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Figure 6.11: The Final supply demand balance for the Grid SWZ once the preferred solution is adopted
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Figure 6.12: The Final supply demand balance for the Grid SWZ once the amended preferred solution is
adopted
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6.18.7 Final Planning headroom assessment
638. To ensure we can be confident our preferred solution will meet the forecast deficit we
must consider the risks of the selected options in headroom for the Grid SWZ Final
Planning scenario assessment.
639. The final planning headroom assessment identified that in 2029/30 and 2030/31
headroom should be increased to secure supply can meet demand. As this risk is
towards the end of the planning period and only for two years we brought forward the
option to increase River Ouse Pumped Storage Capacity by two years. Figure 6.12
shows the supply demand balance incorporating the final planning headroom
scenario.

6.19 Grid SWZ preferred solution sensitivity testing
640. The Grid SWZ deficit is driven by the impacts of climate change and sustainability
reductions on the supply forecast. We cannot be certain the impacts of climate
change will be as we predict. We can however be certain that some sustainability
reductions (SR) will impact on supply, but there is still further work to be done before
they are finalised.
641. To account for this uncertainty around the baseline, we tested four further supply
demand balance scenarios in the optimisation model, to determine how the solution
to the deficit would change.
642. The scenarios we tested are provided in Table 6.12. The optimisation model outputs
are presented in Figure 6.13 to Figure 6.16.
643. The selected options needed for the first five years of the planning period stay largely
unchanged from the baseline scenario solution. There are some changes to the start
year and order in which they should be implemented.
644. The most noticeable changes occur in the middle and end of the planning period, in
that a number of small groundwater abstractions, customer conservation options,
process loss reduction options, and a further dam raising scheme are selected by the
model.
645. In the maximum climate change scenario, the model selects the desalination option in
year 18 of the 25 year planning period. This scheme involves the construction of a
desalination plant to treat 20Ml/d of seawater. The scheme may be contentious as it
is located in a designated habitat and is highlighted in the SEA as having potential
major adverse impacts to biodiversity and resource use.
646. We have allowed a total of 8 years planning and construction time for this scheme, in
order to complete a comprehensive environmental impact assessment and public
enquiry, if required. We are aware water companies in the UK have built/trialled
desalination plants in the past and feel it appropriate not to rule out desalination. If
climate change does significantly reduce supply we will need to look for more
innovative solutions in the future.
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Scenario

Description

Baseline

Climate change based on median
scenario.
Sustainability reductions 26.80Ml/d.
Sustainability reductions 50% Climate change based on median
scenario.
Sustainability reductions halved to
13.40Ml/d as the forecast total may
reduce of they are determined to
have a disproportionate cost.
Maximum sustainability
Climate change based on median
reductions
scenario.
Sustainability reductions increased
to 30.14Ml/d. A number of
sustainability reductions will reduce
compensation releases from
reservoirs and provide 3.34Ml/d for
supply. If these are not implemented
(as they may have adverse impacts
on downstream abstractors)
sustainability reductions will
increase.
Minimum climate change
Climate change based on the 79
percentile scenario.
Sustainability reductions 26.80Ml/d.
Maximum sustainability
Climate change based on median
reductions
scenario.
Sustainability reductions double to
46.80Ml/d to account for unknown
SR.
No climate change or
All reductions removed and the
sustainability reductions
supply forecast maintained at the
base year.
Table 6.12: Solution sensitivity testing scenarios
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2039/40 deficit
(Ml/d)
155.69

142.96

158.86

104.25

174.69

0
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Figure 6.13: Grid SWZ optimised solution for the '50% sustainability reductions' scenario
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Figure 6.14: Grid SWZ optimised solution for the ‘increased sustainability reductions' scenario
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Figure 6.15: Grid SWZ optimised solution for the 'minimum climate change’ scenario
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Figure 6.16: Grid SWZ optimised solution for the 'maximum climate change' scenario
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7 Final Planning Scenario Supply
Demand Balance
647. Table 7.1 shows the surplus in each zone, with the impact of the preferred solution on
the Grid SWZ supply demand balance. The Grid SWZ now shows a surplus
throughout the 25 year planning period.

2039/40

2035/36

2030/31

2025/26

2020/21

2015/16

2014/15

2013/14

Resource Zone
Scenario

2012/13

648. The Grid SWZ surplus in 2025/26 and 2039/40 is low, at 0.10Ml/d and 0.17Ml/d
respectively. However, this is a surplus against the target headroom, and available
headroom is more than 58Ml/d greater than the forecast demand.

Grid SWZ Final plan dry
year annual average
28.69 22.06 9.63 1.57 33.52 0.10 4.39 4.48 0.17
surplus (Ml/d)
East SWZ dry year
annual average surplus 3.96 3.96 3.96 3.96 3.96 3.88 3.82 3.77 3.71
(Ml/d)
East SWZ critical period
2.97 2.97 2.97 2.97 2.97 2.89 2.83 2.78 2.72
surplus (Ml/d)
Table 7.1: Final Planning supply demand surplus
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Future leakage targets

649. Incorporation of additional leakage reduction through active leakage control, pressure
management and supply pipe renewal into the final planning scenario gives a
reduction in leakage below the baseline SELL over the planning period.
650. The future leakage target, as a result of the additional leakage reduction, is given in
Table 7.2.
Year 1 Year 2 Year 3 Year 4 Year 5
AMP6 AMP6 AMP6 AMP6 AMP6
Year

Year 1 Year 1 Year 1 Year 1 End
AMP7 AMP8 AMP9 AMP10 AMP10

2015/16 2016/17 2017/18 2018/19 2019/20 2020/21 2025/26 2030/31 2035/36 2039/40

Cumulative
0.00
leakage
reduction
(Ml/d)
Leakage target 284.60
(Ml/d)

10.00

15.00

25.00

25.00

25.00

25.46

29.55

29.55

29.55

274.6

269.6

259.6

259.6

259.6

259.1

250.9

250.9

250.9

Table 7.2: Future leakage targets
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9 Glossary of terms
AISC

Average Incremental Social Cost

AMP

Asset Management Plan (Price review submission)

BRE

Building Research Establishment

BL

Background leakage

CAMS

Environment Agency’s, Catchment Abstraction Management Strategy

CCP

Constraint Challenge Process

COPI

Construction Output Prices Index

CROW Act

Countryside and Rights of Way Act 2000

DCL

Drought Control Line

DCM

Domestic Consumption Monitor

Defra

Department for Environment, Food and Rural Affairs

DMA

Demand Management Area - Yorkshire Water leakage control zone

DO

Deployable Output

EA

Environment Agency

ELL

Economic level of leakage

GCM

Global Circulation Models

GWZ

Groundwater Zone (Environment Agency Water Resource Zone)

KAMS

Key Asset Management System – Yorkshire Water reporting system

l/h/d

Litres per head per day

LoS

Level of Service

Ml/d

Mega litres per day

MLE

Maximum Likelihood Estimation

MSL

Marginal Storage Line

NCL

Normal Control Line

NPC

Net Present Cost

NPV

Net Present Value

Ofwat

Water Services Regulation Authority

PCC

Per Capita Consumption

PMZ

Production Management Zone – Yorkshire Water operational planning zone

PR04

Periodic Review submission to Ofwat 2004

SDS

Strategic Direction Statement

SEA

Strategic Environmental Assessment

SELL

Sustainable economic level of leakage
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SRO

Source Reliable Output

SSSI

Site of Special Scientific Interest

SWZ

Surface Water Zone (Environment Agency Water Resource Zone)

TLL

Time Limited Licence

UKCIP

United Kingdom Climate Change Impacts Programme

WAFU

Water Available For Use

WRZ

Water Resource Zone

YWS

Yorkshire Water Services Limited

143

Kelda Group | Draft Water Resources Management Plan |

144

10 Appendices
Appendix A: Yorkshire Water unconstrained list of options
Option Scheme Name
Customer side management

Feasibility

Business customer audits and retrofit
Business customer audits and retrofit
Urinal Controllers

Feasible
Feasible
Not feasible as individual scheme.
Included in above schemes
Greywater supply to industrial customers Greywater not supplied by Water
Company
Metering (domestic meter optants)
Feasible
Compulsory Metering
Yorkshire not a water stressed area
Domestic customer audits and retrofit
Feasible
Supply pipe leakage reduction
Feasible
Distribution side management
Active Leakage Control (in DMAs)
Feasible
Pressure management (leakage
Feasible
reduction)
Leakage reduction through
Combined with main replacement scheme
communication pipe renewal
Pressure Reducing Valve Controllers
Included in pressure management
Business Customer leakage reduction
Now certainty savings can be achieved
Mains re-lining/ refurbishment

Feasible

Trunk main losses
Tees - Wiske Transfer Scheme
Tees - Swale River Transfer Option 1
Tees - Derwent Pipeline Option 1

No confirmed yield
Not viable to transfer to Wiske
Feasible
Feasible

Tees – Swale River Transfer Option 2

Feasible

Tees - Derwent Pipeline Option 2
Transfer from UU Option 1
Transfer from UU Option 2
Transfer from UU Option 3
Tankering to isolated rural Areas
Internal transfer to connect east area to
grid system option 1
Internal transfer to connect east area to
grid system option 2
Dales Pipeline
Ouse Raw Water Transfer
East Coast Pipeline

Feasible
Feasible
Feasible
Feasible
Not a long term solution
Low yield and EGWZ now part of Grid
SWZ
Low yield and EGWZ now part of Grid
SWZ
No gain in yield
Feasible
Completed in AMP5
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Appendix A: continued
Option Scheme Name
Resource management
River Ouse water treatment works
extension option 1
River Ouse water treatment works
extension option 2
Reduction in WTW process losses Option
1
Reduction in WTW process losses Option
2
Reduction in WTW process losses Option
3
Reduction in WTW process losses Option
4
Reduction in WTW process losses Option
5
Increased River Ouse pump storage
capacity
Rural Aquifer Storage & Recovery
Aquifer Storage and Recovery Scheme 1
South Yorkshire Groundwater Option 1
Doncaster - River Water Recharge
Vale of York option 1
Vale of York option 2
North Yorkshire Groundwater
Millstone Grit Groundwater

Feasibility
Feasible
Risk of over-abstraction from river
Risk of recirculating bacteria
Risk of recirculating bacteria
Feasible
Risk of recirculating bacteria
Feasible
Feasible
Not a long term solution
Feasible
Feasible
Doesn’t provide water
Feasible
Feasible
Feasible
Considered under Millstone Grit options

Doncaster Groundwater Conjunctive Use Feasible
- Stage 2
East Yorkshire Groundwater Option 1
Feasible
Reuse of Abandoned GW Sources Option Feasible
1
Reuse of Abandoned GW Sources Option Feasible
2
Reuse of Abandoned GW Sources Option Feasible
3
Reuse of Abandoned GW Sources Option Feasible
4
Minewater scheme 1
Issues regarding water quality and legal
responsibility
Minewater scheme 2
Feasible
Swale new pumped storage reservoir

High number of objections and
environmental impacts
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Appendix A: continued
Option Scheme Name
Resource management continued
Reservoir extension

Feasibility

Dam Raising option 1

High number of objections and environmental
impacts
Feasible

Dam Raising option 2

Feasible

Dam Raising option 3

Feasible

Dam Raising option 4

Engineering constraints

Embankment raising 1
Embankment raising 2

Technical difficulties raising earth
embankments
Within an area of outstanding natural beauty

Extend reservoirs sideways

Insufficient information

Reservoir desilting

Feasible

Use compensation reservoirs as supply

Uncertain yield

Reservoir compensation review

Savings considered in DO calculation

River Ure Gravel Pits

No locations identified

River abstraction and bankside storage on the High number of objections and environmental
impacts
River Wharfe
River Trent river abstraction and bankside

No water available

storage
Reservoir supported abstraction from the River High number of objections from stakeholders
Wharfe
R. Aire abstraction option 1

Feasible

R. Aire abstraction option 2
R. Aire abstraction option 3
R. Calder abstraction option 1

Feasible
Feasible
Feasible

River Abstraction – Lower Don

Water quality impacting environment and
conflicts with Hatfield power station
Low yield and potential impact on SSSI
Not site specific
Abandoned due to water quality. No recent
assessment

Storage on the River Hull
Increase existing river and GW abstractions.
Reuse of Abandoned Yorkshire Water GW
Sources
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Appendix A: continued
Option Scheme Name
Resource management continued
Reduce outage
Desalination at Hull
Link desalination to energy waste
Work with IDB's to increase abstractions
Utilise a tidal barrage at Hull
Use of canal water
Effluent reuse
Dewatering of national rail tunnels
ASR - further schemes
Reduce current LoS e.g. HPB 1:10 years
East Yorkshire Groundwater Option 2

Feasibility
No outage reduction schemes identified
Feasible
Desalination plant location will need to be
identified
Uncertain yield and conflicts with agricultural
use
Environmental concerns in the Humber
Estuary
Further feasibility discussions required with
UU
No yield gain for YW
Poor water quality and access issues
No sites identified
WTP studies suggest customers unwilling to
accept a lower LoS
Feasible
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Appendix B: Yorkshire Water feasible options
Customer side management options
Business customer audit and retrofit
This scheme will identify the water saving potential at business customer premises
across Yorkshire. It is assumed that up to 60% of businesses visited by outsourced
investigators would benefit from water saving devices. Demand would is expected to
decrease across the network by 1 Ml/d.
Metering (domestic meter optants)
This scheme involves additional promotion of metering to encourage 25,000 unmetered households to opt to have a meter installed. The scheme aims to reduce
water consumption by 0.32 Ml/d after a five year implementation period.
Metering on change of occupancy
A meter would be installed in unmeasured households on change of occupancy. We
estimate demand would reduce by 12.5 Ml/d after five years.
Domestic customer audits and retrofit
This scheme aims to reduce household water demand through installing retrofit
devices, such as cistern devices, aerated showerheads and aerated tap inserts. We
estimate a 1 Ml/d saving could be achieved through fitting devices in 65,500
properties over three years.
Supply pipe leakage reduction
This scheme involves reducing supply pipe leakage through ‘find and fix’ activity.
Supply pipes are located within customer boundaries and are included in active
leakage control. We estimate additional annual ‘find and fix’ activity could provide a
further 4.16 Ml/d leakage saving.

Distribution Side Management options
Active leakage control
Leakage reduction reduces the demand for water by reducing the number of leakage
events in the supply network, through active leakage control measures. This scheme
aims to reduce the current leakage target by up to 25Ml/d. We would implement the
leakage reduction in 5Ml/d phases. Each phase would take a year to complete, with
additional annual find and fix activity required to maintain the savings.
Pressure management (leakage reduction)
We estimate a further 4.55 Ml/d in leakage reduction could be achieved through
pressure management and optimising leakage district metered areas (DMAs).
Mains replacement phases 1, 2 and 3
This scheme aims to reduce leakage through replacing / relining pipes considered to
have the greatest potential to leak. The scheme is to be implemented in three
phases. We estimate each phase will reduce leakage by 5 Ml/d and will take two
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years to implement, with a total implementation period of six years to complete all
three phases.
DMA Optimisation
This scheme involves the locating and fixing of leaks in DMAs which do not reach
the Minimum Achieved Level of Leakage (MAL). This will increase the efficiency of
Active Leakage Control and has the potential to save 2.73 Ml/d.

Production management options
Reduce water treatment works process losses
Two water treatment works across the region have been identified to possess the
potential to retain up to 1 Ml/d in total of water currently lost in sludge. These
schemes involve the installation of infrastructure which minimises the volume of
water lost.

Resource side management options
Supply Dales from the Tees
These schemes give three options to supply 15Ml/d of raw or treated water to the
Dales from an abstraction on the River Tees.
Tees to Derwent pipeline
Two versions of this scheme propose to connect an existing NWL pumping station or
a new Yorkshire Water pumping station on the Tees to a treatment works near York
via a 1200mm diameter main. This mains connection will be completed over 3
phases delivering 150Ml/d by the completion of the third phase.
Tees to Swale transfer
There are two versions of this scheme, which propose to abstract up to 150 Ml/d of
raw water from the river Tees and discharge it into the river Swale for abstraction to
a water treatment works further downstream near York. This scheme would be
operational in three years.
Transfer from United Utilities Option 1
This scheme proposes that United Utilities release 5Ml/d of raw water into the
Rochdale Canal for abstraction and treatment further downstream by Yorkshire
Water.
Transfer from United Utilities Option 2
This scheme proposes that an existing pipeline connection between United Utilities
and Yorkshire Water assets near Walsden will allow 1Ml/d of raw water to be
transferred to the Grid.
Transfer from United Utilities Option 3
This scheme proposes that 6km of pipeline will connect nearby United Utilities
assets at Bentham and supply the Grid with 1Ml/d of raw water.
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Ouse Raw Water Transfer
The scheme would involve an abstraction of up to 45Ml/d of raw water from the
River Ouse for treatment near York. The scheme requires construction of a new river
intake, pumping station and pumping main from the point of abstraction to the point
of treatment.
River Ouse water treatment works extension
This scheme involves extend a treatment plant to that built on site in York in AMP5,
increasing yield by 22Ml/d.
Increased River Ouse pumped storage capacity
The scheme involves construction of a new transfer main and pumping station
between the River Ouse and a water treatment works in the West Yorkshire area.
The scheme could be used to maximize our existing abstraction licence on the
Ouse. We estimate it would provide an additional 10Ml/d within 12 months.
Aquifer Storage and Recovery scheme 1
This scheme involves the use of five new pumped boreholes to artificially ‘charge’
the Sherwood sandstone aquifer, allowing the use of this water supply during drier
periods. We estimate the average yield of the artificial recharge would be 25Ml/d for
six months of the year, providing an average yield of 12.5Ml/d during drier months.
This scheme could be implemented after five years.
South Yorkshire groundwater scheme
A potential 12Ml/d of groundwater can be attained from a groundwater scheme in
South Yorkshire. A short length of pipeline would be required to link the source to the
grid. The scheme would be operational within three years.
Extended groundwater scheme
Existing borehole licences in the York area could be used to augment flow in the
River Ouse. The additional flow would support existing abstraction from the River
Ouse. We estimate the scheme could provide 30Ml/d in two phases and be
operational after five years.
North Yorkshire Groundwater
This scheme involves applying for an increase to an existing groundwater
abstraction licence in the Swale area. This would increase yield by 2Ml/d, and be
operational after one year.
East Yorkshire groundwater scheme
An additional 8Ml/d of groundwater can be attained from existing groundwater assets
in East Yorkshire by increasing capacity of existing infrastructure to pump water for
treatment. The scheme would be operational within three years.
Re-use abandoned industrial licences options 1, 2, 3 and 4
This scheme incorporates the usage or adoption of four existing abstraction licences
in private ownership. We have costed abandoned four borehole sources across the
region, which have a total potential yield of 6.4Ml/d. Most require a length of pipeline
to connect the groundwater source to a water treatment works.
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Minewater scheme 2
This scheme involves the construction of pumps, a new pumping station, a pipeline
between existing water treatment works and additional treatment facilities at the
works. We estimate the scheme would increase deployable output by 10Ml/d, and
could be implemented over two years.
Dam raising option 1
This reservoir scheme involves increasing the height of an existing dam of a
reservoir in the Pennines. The scheme is expected to increase deployable output by
2Ml/d, and be operational after 3 years.
Dam raising option 2
This scheme involves raising the height of an existing dam wall of a reservoir in the
Pennines. We estimate the scheme would increase deployable output by 0.28Ml/d,
and be operational after one year.
Dam raising option 3
This scheme involves raising the height of the existing dam wall of a reservoir in the
Pennines. We estimate the scheme would increase deployable output by 0.05Ml/d,
and be operational after two years.
Reservoir de-silting
This scheme aims to increase the capacity of 26 reservoirs through dredging and
desilting. The silt would be taken to a landfill site. The scheme is estimated to
increase deployable output by 22Ml/d and to be fully operational after 7 years.
River Aire abstraction option 1
This scheme is a new abstraction licence on the River Aire. It would involve the
construction of a pumping station and water main in order to abstract and then
transport water to an existing water treatment works. We estimate the scheme
would provide 10Ml/d and be operational after three years.
River Aire abstraction option 2
This scheme is an alternative new abstraction site on the River Aire requiring
construction of a pumping station and water main in order to abstract and transport
water to an existing water treatment works. We estimate there is a minimum
13.8Ml/d available, potentially up to 50Ml/d. The scheme could be operational after
one year.
River Aire abstraction option 3
This is a third potential new abstraction site on the River Aire. It involves construction
of a pumping station, new water main and bankside storage reservoir. The scheme
could also require construction of a new treatment works or the upgrading of an
existing treatment works. We estimate it could provide 20Ml/d, and be operational
after three years.
River Calder abstraction option 1
This scheme is a new abstraction from the River Calder. It requires construction of a
pumping station and water main, and transport of water to an existing water
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treatment works. It could involve expansion of an existing works. We estimate the
scheme would provide 10Ml/d, and be operational after four years.
Desalination
This scheme involves construction of a water treatment works on the East Yorkshire
coast to treat sea water. The scheme involves construction of; pumped beach wells
for seawater abstraction, water mains from the wells to the water treatment works,
and water mains from the water treatment works to the Grid SWZ supply network.
The scheme would employ reverse osmosis as a ‘lower-energy’ method of
desalinisation. The water treatment works would include pre-treatment, posttreatment and energy recovery, and is predicted to increase deployable output by
20Ml/d. The scheme would be implemented after six years.
East Yorkshire groundwater option 2
This scheme proposes to obtain 6Ml/d of groundwater from a new groundwater
asset in east Yorkshire, to replace the yield lost from an asset that has experienced
water quality issues in the past.
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Appendix C: Environmental, Social and Carbon Costs for Grid Surface Water Zone
Options
YWS Scheme Title Environmental Social Social other
Option
(£)
traffic (£)
(£)
Ref.
C1a
Business
-9,141.15
27,957.00
customer
audits and
retrofit
C1b
Business
-9,141.15
27,957.00
customer
audits and
retrofit
C4
Metering
-1,079.00
17,053.00
(domestic
meter optants)
C6
Metering on
-50,317.04
355,056.00
change of
occupancy
C7
Domestic
-7,042.61
27,957.00
customer
audits and
retrofit
C8
Supply pipe
-17,800.77
leakage
reduction
Distribution Management
D1a Active Leakage -22,928.62
6,043.77
Control in
DMAs 0- 5Ml/d
D1b Active Leakage -46,678.81
6,043.77
Control in
DMAs 5-10Ml/d
D1c Active Leakage -69,887.30
6,043.77
Control in
DMAs 1015Ml/d
D1d Active Leakage -83,279.48
6,043.77
Control in
DMAs 1520Ml/d
D1e Active Leakage -117,201.58
6,043.77
Control in
DMAs 2025Ml/d

Carbon
CAPEX (£) OPEX
(£/Ml/d)
3,236.50
-39.28

1,752.48

-39.28

12,048.21

-12.51

88,591.58

-12.81

15,370.55

-12.51

-12.23

-9.65

-9.65

-9.88

-9.88

-10.11
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D2

D6a

D6b

D6c

D9a

D9b

D9c

D11a

D11b

D11c

D12a

D12b

D12c

D13a

Pressure
-20,084.29
Management
(leakage
reduction)
Mains
-24,640.04
Replacement
Phase 1
Mains
-46,786.76
Replacement
Phase 2
Mains
-69,887.30
Replacement
Phase 3
Supply Dales
443,610.41
from the Tees
Option 1
Supply Dales
443,610.41
from the Tees
Option 2
Supply Dales
586,026.77
from the Tees
Option 3
Tees - Swale
791,480.75
River Transfer
Option 1 Phase
1
Tees - Swale
503,303.16
River Transfer
Option 1 Phase
2
Tees - Swale
927,079.64
River Transfer
Option 1 Phase
3
Tees - Derwent 1,395,863.88
Pipeline Option
1 Phase 1
Tees - Derwent 864,335.14
Pipeline Option
1 Phase 2
Tees - Derwent 1,652,427.14
Pipeline Option
1 Phase 3
Tees - Swale
791,480.75
River Transfer
Option 2 Phase
1

154

16,499.49

13,313.64

-12.51

29,162.01

239,819.66

-12.51

41,518.91

402,344.51

-12.51

53,395.28

581,427.44

-12.51

262.39

98,836.23

58.88

262.39

111,614.51

22.83

1,574.33

83,277.65

121.79

787.17

43,566.50

50.95

12,536.81

50.95

-

50.95

132,472.69

54.27

12,536.81

54.27

-

54.27

46,915.88

11.74

3,661.23

787.17
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D13b

D13c

D14a

D14b

D14c

D15a
D15b
D15c
D20
D22

P1c

P1e

R1

R3

R5

Tees - Swale
503,303.16
River Transfer
Option 2 Phase
2
Tees - Swale
927,079.64
River Transfer
Option 2 Phase
3
Tees - Derwent 1,395,863.88
3,661.23
Pipeline Option
2 Phase 1
Tees - Derwent 864,335.14
Pipeline Option
2 Phase 2
Tees - Derwent 1,652,427.14
Pipeline Option
2 Phase 3
Transfer from
449,000.00
3,902.54
UU Option 1
Transfer from
UU Option 2
Transfer from
437.31
UU Option 3
Ouse Raw
335,299.81
961.46
Water Transfer
DMA
-12,722.38
Optimisation
Production Management
Reduction in
WTW process
losses Option 3
Reduction in
WTW process
losses Option 5
Resource Management
River Ouse
182,948.65
water treatment
works
extension
option 1
Increased
107,046.51
2,691.61
River Ouse
pump storage
capacity
Aquifer Storage
55,377.89
and Recovery
Scheme 1

155

12,693.80

11.74

832.12

11.74

136,302.97

15.07

14,970.06

15.07

891.52

15.07

42,056.60
9,850.99
6,735.85
43,081.82

9.92

1,468.32

-12.51

707.04

7.08

1,936.83

8.27

47,385.90

12.60

48,822.65

18.91

18,444.74

17.63
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R6

R8a
R8b
R9
R12

R13a

R13b

R13c

R13d

R15
R18a
R18c
R19
R24
R31

R32

R33

South
Yorkshire
Groundwater
Option 1
Vale of York
Phase 1
Vale of York
Phase 2
North Yorkshire
Groundwater
East Yorkshire
Groundwater
Option 1
Reuse of
Abandoned
GW Sources
Option 1
Reuse of
Abandoned
GW Sources
Option 2
Reuse of
Abandoned
GW Sources
Option 3
Reuse of
Abandoned
GW Sources
Option 4
Minewater
Scheme 2
Dam Raising
Option 1
Dam Raising
Option 2
Dam Raising
Option 3
Reservoir Desilting
River Aire
Abstraction
option 1
River Aire
Abstraction
option 2
River Aire
Abstraction
option 3

156

5,977.59

1,934.38

12.68

14,153.03

13.38

17,573.89

14.81

243.02

4.08

2,017.63

12.65

3,912.39

20.15

3,446.07

9,464.65

17.02

3,652.57

7,682.29

23.76

3,567.15

6,157.75

23.63

1,614.69

30,170.25

21.19

-40,339.04

3,293.32

13.11

-4,322.04

1,181.25

13.11

-9,508,488.11*

7,808.04

13.11

212,631.89

13.11

-14,958.87
-33,371.36

139,723.06

3,569,572.62

696.65

1,119,538.38

5,565.51

41,275.55

15.52

1,601,481.83

43,910.01

128,404.54

69.96

3,465,107.36

3,443.62

117,551.86

33.31
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R34

R40
R49

River Calder
Abstraction
option 1
Desalination at
Hull
East Yorkshire
Groundwater
Option 2

2,774,702.52

157

3,902.54

10,175.14

20.17

21,917.46

73,395.80

81.99

10,991.86

12.50

* This figure has been amended to zero for the WRIO model. The savings are due to
schemes attracting more visitors once completed. These savings were not identified in the
SEA as large negative impacts and are considered to be unrealistic.
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