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APPENDIX 1 : PEAK DEMAND DURING DROUGHT

Water use in the public water supply exhibits seasonality, usually peaking in the
summer. Several key factors drive water demand during the summer season. The
period of hot dry weather triggers both an increase in outdoor water use, such as
garden watering, and an increase in the frequency of personal showering and clothes
washing*

The household type can also influence the level of water demand, as different metered
property types have varying water use levels. However, peaks should occur for each
household type at the same time through climatic variations. Measured customers may
be subdivided into optants, selectives, new builds and existing metered as it has been
shown that their overall demand and peak behaviour vary?. Occupancy and house
type are also significant within the household groups. This report provides an update
of the peak demand results for the current year.

Methodology

The sample selection uses all available smart metered data, which is only available in
our Essexregion, split by NHHG6s and HH optants,
The unmeasured data also uses smart metered household data but uses those that
are on an unmeasured tariff. The peak demand study has now incorporated non-
household data, which is logged data from our largest NHH consumers2. All property
types use daily consumption data, and the results are shown in litres per property per
day.

Data Quality

106,990 properties are included in this study, which varies by day depending on data
validity, of which:

11,128: New Build

14,011: Metered Optant
17,042: Metered Selectives
50,886: Existing Measured
13,144: Unmeasured properties
779: Non-Households

E

The data that could not be used was due to a variety of reasons, namely leaks found,
loss of data for the time period, unrealistically high consumption values, negative flow
values, and periods of inconsistent data. These were mostly due to connection
problems between the meter and the logger. The time period for cleaned data ran from
01/05/2025 until 31/08/2025.

1Billings, R B, Vaughan Jones, C (2008) Forecasting Urban Water Demand
2 UKWIR A framework Methodology for Estimating the Impact of Household Metering on Consumption (2003) and The
Impact of Household Metering on Consumption: Further Analysis (2004)

3 Large users defined as using >20,000M3 per annum.
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Weather Summary

The Met Office* describes the summer of 2025 as the warmest summer on record, with
an average temperature of 16.10°C, surpassing the previous record of 15.76°C from
2018. June, July and August all saw below average rainfall and above average
temperatures. There were a number of heatwaves throughout, with temperatures
reaching 35.8°C (recorded in Faversham, Kent) on 1st July.

Temperature and Rainfall

Table 1: The number of days each month that reached above 25°C in 2025 compared
to previous years.

Table of number of days each month with temperatures greater fan 25
2010 2011] 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025Average
June 9 3 1 2 2 6 1 5 8 2 4 4 2 20 3 17, 5
July 15 2 4 20 19 10 9 9 24 5 5 7 17| 13 7 12 11
August 1 4 4 3 4 9 11 5 10 7 11 0 18| 13 13 13 8
Totals 25 9 9 25 25 25 21 19 42 14 20 11 37 46 23 42 25

The daily maximum temperature over the summer is shown in Figure 1. High
temperatures were experienced throughout the summer months in Essex, with a peak
of 34.5 °C on 1st July (recorded at Writtle weather station).

Daily Maximum Temperature
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Figure 1: Maximum daily temperatures for Essex over the summer.

Table 2: The total number of days each year during the summer months where the
total rainfall (mm) is less than 2mm on any one day and the two preceding days

Total number of days where total rainfall is less than 2mm on the day and two previous days
2010, 2011] 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025Average
June 22 5 0 19 28 15 3 17 27 12 21 13 19 23] 23 18 16
July 23 15 6 18 12 17 21 9 27 23 18 8 31 15 18 19 17,
August 8 8 4 19 13 26 21 11 11 18 15 18 22 10 24 24 16
Totals 53 28 10 56 53 58 45 37 65 53 54 39 72 48 65 61 50

4 MET Office (2025)
https://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/weatherdbant/ukpast

events/summaries/seascaakessmentsummer25.pdf
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The temperature and rainfall for Essex during the summer period is shown in Figure
2. It has previously been found that average consumption related best to temperature
and rainfall and so analysis has employed these two variables. It was dry for large
periods of the summer with the highest daily rainfall was on 28th August seeing
10.6mm fall. Most peak days fell between mid-June through to mid-July and the
second week of August.

I Rainfall (mm) Peak Day  emmmmTemperature (°c)

40.0

[
el
'ﬁgb
\
©

Figure 2: Total rainfall and maximum temperature experienced during the summer
months and corresponding peak days.

Average Consumption

Water consumption peaked on the weekend leading up to the hottest day of the year
as can be seen across all HH types in Error! Reference source not found. 3.
Average consumption is calculated from the average of sampled households. The
highest consumption out of the measured billed household types is the Metered
Selective, followed by Existing Metered, New Builds and lastly by the Metered Optant.
As expected, unmeasured billed customers have the highest consumption of all
metered HH types. Throughout the summer months, all HH types follow a similar trend
but selective and unmeasured HH6s consumptio
Whilst NHH consumption follows a similar trend, the peak demand day occurred
further into the summer, which suggests other factors are influencing demand and
possibly a prolonged period of warm and dry weather is needed to see a noticeable
difference in NHH demand (Figure 4).
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Metered HH Consumptionvs Demand
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Figure 3: The relationship between the daily total demand for Essex and the measured
HH types consumption over the summer period.
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Figure4:. The relationship between unmeasured, m

The peaks in total demand consumption corresponds well with the major peaks of the

study data and points out the high consumption of selectives compared to the other
household types.

Peak Demand

The peak demand for 2025 was 629.28 litres / property / day (I/p/day) which occurred
on 29th June. The addition of smart meter data means that unmeasured billed

NW
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customers have also been added, with a peak day of 793.92 |/p/day, which also fell on
29 June. Table 3 shows the peak demand yearly change since 2008. The 2025 peak
demand is higher than last year and occurred in the selective category. All yearly peak
demands previously have occurred in the selective metered category, except 2019
where new builds had the highest peak demand day. Although, before the addition of
smart data the sample base was small.

Table 3. Peak demand summer yearly change since 2008. The average measured
peak demand between 2008-2019 and 2024-2025 is 603.28 |/p/d.

Measured Unmeasured
Peak  Demand Peak Demand
Yearly Change Yearly Change
(I/p/d) (I/p/d)

2025 |629.28 2025 |793.92
2024 |623.37

2019 |554.73

2018 |588.15

2017 |[611.5

2016 |558.27

2015 |634.7

2014 |646.19

2013 | 624.27

2012 |478.98

2011 | 659.6

2010 | 610

2009 |548.6

2008 |678.3

Metered Selective

Throughout the peak demand studies, it has been consistently shown that metered
selective customers have the highest consumption of the measured household types
(see Error! Reference source not found. 4). Figure 5 shows the relationship
between metered selective average daily consumption and the rainfall and
temperature data. The average consumption over the summer period for selectives
was 511.25 I/p/d, 49.84% higher than metered optants average consumption. As the
linear trend line shows in Figure 5 the consumption decreases through the season.

Selective consumption peaks compared to the other household types are higher and
cover a greater time period. Peaks correspond well with periods of no rainfall and
temperature increases over the summer, showing a direct relationship between
temperature, rainfall and water consumption.

NW
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I Rainfall (mm) Selectives

Temperature (°c)  eeeemeees Linear (Selectives)
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Figure 5: Selective metering average daily consumption in comparison to temperature
and rainfall

New Builds

New Build water consumption tends to sit in the middle between metered optant and
metered selective consumption. Figure 6 shows the relationship between summer
rainfall and temperature and the new build demand. The average consumption for the
new build household type is 359.85 l/p/d.

New Build consumption peaks are less pronounced and show less difference between
the peak and the trough than selectives and also do not cover such a long period of
time. Consumption follows a similar profile to meter optants and relates well to rainfall
and temperature changes.

I Rainfall (mm) e Newy Connections m— Temperature (°c)  ceeeeeee Linear (New Connections )
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250.00

Figure 6: New Connections average daily consumption in comparison to temperature
and rainfall
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Metered Optants

Out of the various measured HH types, metered optants have the lowest summer
water use. Figure 7 shows the metered optant consumption in relation to the rainfall
and temperature data for this summer. The average consumption for this household
type is 341.20 |/p/d. Optant water use is similar to that of New builds during peak
demand but days with low consumption fall well below the lows seen for New builds.
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Figure 7: Metered Optant average daily consumption in comparison to temperature
and rainfall

Metered Existing

Existing households are those that have been metered in the prior AMP. Metered
existing has a similar profile to selectives consumption through the summer. The
average consumption for metered existing is 466.21 I/p/d. This falls between selectives
who have higher average consumption and meter optants and new builds who both
have lower average consumption. Error! Reference source not found. 8, shows that
high temperatures and low rainfall have a greater impact on existing metered
customers water use.
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Figure 8: Meter existing daily consumption in comparison to temperature and rainfall
Unmeasured

It is interesting to also have a look at unmeasured consumption through the season
as well. The sample is taken from our unmeasured billed customers, who have a smart
meter installed but remain on an unmeasured tariff. There were 13,144 properties
included in the sample with an average consumption for the period of 638.66 I/p/d,
which as expected is higher than any of the measured meter types. The profile of
consumption during the summer period shows much wider peaks and troughs showing
the unmeasured customers are more reactive to high temperatures and low rainfall
(Figure 9).
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Figure 9: Unmeasured average daily consumption in comparison to temperature and
rainfall
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Non-Households

With more smart meters i mplemented across o
added to the study. Error! Reference source not found. 10 shows that although

there is some response to high temperatures and low rainfall, the trend remains

relatively flat, which indicate that weather events impact NHH demand less. Peak day

for NHH demand fell on Friday 11th July, where Writtle weather station recorded

30.6°C. This occurred after a prolonged period of low rainfall, high temperatures and

numerous peak weather days. Although the peak demand day occurred on a hot day

and the weather likely had some impact on high demand, the range of daily NHH

demand is only 16% of the mean, which is less than half of the 34% for HH demand.

Providing evidence that weather impacts NHH demand to a lesser extent. However, it

is worth noting that the sample size of NH
impacted these results.

I Rainfall (mm) e— N on-Household

Temperature (°c)  sreeseens Linear (Non-Household)
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Figure 10: Non-Household average daily consumption in comparison to temperature
and rainfall

In summary, each household type shows very similar peak demand response to

previous years of this study, with unmeasured customers having the highest demand
amongst all types and selectives amongst mea
expected NHH demand is less reactive to the weather but there is some correlation

between peak days and peak demand.

Total Demand Change since 1987

It 1 s interesting to compare this yearo6s pea
Figure 11 shows how the total demand and temperature have changed over the last

40 years, since 1987. Figure 12 shows the total demand and rainfall. Figure 13 shows

rainfall over the last 10 years and how 2025 has been particularly dry.
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Figure 11: Total demand and monthly temperature (1987 i present).
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Figure 12: Total demand and monthly rainfall (1987 i Present).
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Figure 13: Total rainfall (2016 - Present).

Discussion

From this study on peak demands over the summer season, we have found the peak
water consumption is best related to peak dayss (see Figure 14). It is interesting to see
that peaks in demand match closely to peak days of dry weather. Optant and new
connections water consumption have smaller peaks when compared to the high
selective and unmeasured consumption. The highest peaks in consumption usually
occur on or after a period of a few peak days. It is therefore assumed that the highest
consumption arises when consecutive days of high temperatures and no rainfall occur.

Unmeasured billed customers consumed the most amongst all measured HH types,
whilst for measured billed customers, metered selective customers consumed the
most with metered optants the least, as has been found in previous studies. Metered
selective customers reacted promptly to a change in climate whereas increased water
consumption for optant and new connection customers took a longer amount of time
to become noticeable.

5 A day when the maximum temperature equals or exce€@safil the daily total rainfall is less than 2mm on the day and
the two previous days. MTP BNWATO06 (March 2011), Domestic water use in new and existing buildings, pp9, footnote 9.
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Figure 14: Relationship between 2025 peak days and measured consumption types.

Non-Household customer water consumption does show peak days impacting
demand but itds more erratic. The period
demand relatively high and drops off during the peak at the start of June. Demand

does increase but it took a considerable number of peak days to impact NHH demand.

This can be seen in more detail in Figure 15.
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Figure 15: Relationship between 2025 peak days and NHH demand.
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Representation

In order to check the representativeness of the data, the peak demand study data was
compared to the total demand for the area (see Figure 16). From this we can see that
Essex total demand mirrors the peak demand monitored results, and major peaks

correspond well. Overall, this indicates a representative sample of households used
in the study.

AllHH Consumption — e===Total Demand
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Figure 16: Relationship between total demand and all HH consumption
Data Cleaning

To ensure data quality, there was some property data that could not be used. This was
for a variety of reasons, namely leaks found, loss of data for the time period,
unrealistically high consumption values, negative flow values, and periods of
inconsistent data. Whilst data has been cleaned, some erroneous data is likely to
remain in the dataset. However, with the study now containing over 100,000 metered
properties, the impact will be insignificant.

Conclusion

In conclusion the peak demand study yielded interesting and valuable results and the
addition of further data from smart measured properties was beneficial. This summer
had above average temperatures and lower than average rainfall. Consumption
across the metered types peaked during days following no rainfall and high
temperatures. NHH consumption does show signs of being impacted by peak weather

days, especially if this is prolonged but from the data its clear other non-peak day
weather events are also an influence.

NW
laving water

19



Drought Plan 2027 Appendix

APPENDIX 2: RELEVANT LEGISLATION AND GUIDANCE

In producing this draft Drought Plan, reference was made to the following guidance and
legislation:

A Drought permits and drought orders supplementary guidance, March 2025,
Environment Agency.

Environmental assessment for water company drought planning, March 2025,
Environment Agency.

Environmental Assessment of Plans and Programmes Regulations 2004.

Flood and Water Management Act 2010 where s.36 amends the Water Industry
Act 1991 by substituting a new s.76.

Government expectation for water company drought plans, 22 July 2025.
Hydrological guidance for the assessment of ESoR, March 2025, Environment
Agency.

AManaging through drought: Code ofiepracti ce
on water use restrictions i 2023 (Incorporating lessons from the 2022 drought).
Position note on compensation-only reservoirs in dry weather, June 2019.
Security and Emergency Measures Direction (SEMD) 2024.

Spotlight on Drought 2022: Water companies in England, December 2023.

The Conservation of Habitats and Species Regulations 2017.

The Drought Plan (England) Direction 2025.

The Water Environment (Water Framework Directive) (England and Wales)
Regulations 2017

Water Act 2003 where s.63 inserts new sections 39B & 39C into the Water
Industry Act 1991 and s.62 inserts new sections 37B-D into Water Industry Act
1991.

Water Company Drought Plan Guideline 2025, LIT 74637, Environment Agency.
Water Industry Act 1991.

Water Use (Temporary Bans) Order 2010.

Wildlife and Countryside Act 1981 as amended by the Countryside and Rights of
Way Act 2000, Section 28G.
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APPENDIX 3: COMPENSATION ONLY RESERVOIRS

A Compensation Only Reservoir (COR) is a reservoir that is owned and operated by
a water company but that has no links whatsoever (direct or indirect) to that company's
public water supply network. So for example, the COR would not be listed as a source
of supply in the company water resources management plan or as an option to provide
public water supply in its drought plan. The main or sole function of the COR is to

provide a discharge of water (known as a compensation flow) to the downstream
watercourse.

We have one such reservoir, Scaling Dam, at the extreme south east of our region.
Built in 1953 with a capacity of 1690 Megalitres (MI) it originally supplied Scaling Water
Treatment Works. The treatment works were abandoned in 1999 and the reservoir is
now used only for leisure purposes.

Under the Cleveland Water Order 1950 we must make a continuous compensation
release of not less than 0.682 MI.

Figure 1 shows the storage in the reservoir prior to and after the abandonment of the
treatment works.
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Figure 1: Scaling Reservoir historical stock levels

The key legislation for drought incident management in relation to CORs is set out in
the Water Resources Act 1991 (WRA 1991, Part 2, Chapter 3) which states:-

If the Secretary of State is satisfied that, by reason of an exceptional shortage of rain,
there exists or is threatened:

NW
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(a) a serious deficiency of supplies of water in any area, or

(b) such a deficiency in the flow or level of water in any inland waters as to pose a

serious threat to any of the flora or fauna which are dependent on those waters,

then, subject to the following provisions of this Chapter, he may by order (in this
Chapter referred to as an Aordinary drought
this Chapter as appears to him to be expedient with a view to meeting the deficiency.

In the case of a drought the assumption is that the necessity for action would be in line

with b) above and the requirement would be to alter the compensation flow.

Currently the reservoir generally operates at or close to its Top Water Level (TWL)
and the only adjustments we make are to increase the downstream flows above
compensation in an attempt to avoid the reservoir overflowing.

From the graph above it can be seen that in Sept 1997 the level dropped to 875 MI.

Based on an example where the level starts just below the TWL with a storage volume
of 1600 Ml and it can be dropped to the 1997 low level of 875MI then the compensation
flow could be maintained for some 1063 days or just under 3 years with no water
entering the reservoir, which is highly unlikely scenario.

Similarly, if the compensation release was to be doubled then it could be maintained
for some 18 months. These duration of these extreme examples could be extended
by allowing the reservoir to fall below the 1997 value.

We therefore conclude that there is very little likelihood of the requirement for a
Drought Order with regards to Scaling Dam.
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APPENDIX 4: WREN REGIONAL STATEMENT OF INTENT

We know our changing climate means we will likely experience more frequent
and mare severe droughts in the coming years. As a regional multi-sectaor
group, the role of Water Resources North (WWReN) during drought is therefore
becoming even more important, as collaboration between and within sectors is
critical to successfully reduce the impacts on the environment and on society.
Water Resources Morth (WReN) is committed to promoting collaborative and
proactive drought management across our diverse region from the Peak
District to the Scottish border. We recognise that effective drought
management requires coordinated communications and action across all
sectors that depend on water resources. This statement of intent outlines our
approach to regional drought management, collaboration and planning.

1 OUR INTENT

We have now launched our WReN multi-sector Drought Group which senve as a
regional forum that facilitates collaboration between sector groups (i.e. public water
supply, agriculture, energy and navigation), regulators and wider stakeholders to
enhance regional preparedness for periods of prolonged dry weather and drought
events.

The groups aims and cperations will change before, during and after drought as
summarnised in the table below.

Before Drought Dwuring Drought After Drought (Recovery
{Freparedness Phase) {Response Phase) Phase)

= Monttor and share sector informistion on the current and forecast water situation

= Where bansficial to do 5o, align communications and messaging between sector
groups, stakeholders and the public during drought

* In the development of water management plans, actively seek drought management
options that provide wider benefits including resilience to both floods and droughts,
improvemeants to water guality; and enhanced resilience of drainage and wastewater

systems

*  Promote the »  |dentify areas of water *  |mcorporste drought
development of secior availability and sfress learning into medium
drought plans with across the region during and lomg-ferm water
mianitoring plans and drought resource planning
earty waming indicators |« facilitate discussion to =  Evaluating the

identify opportunities for effectivensass of drought
water rights trading and response measures
sharing behawesn
abstractors to manage
drought response

WhHeM will work with other regional groups fo share best practice and lessons learnt
recognising that other regions may be in drought while WReN is not and vice versa.

1ofZ Version 2
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It is important to note that the role of WReMN does not include the development of a
regional Drowght Plan, nor does it aim to ovemride an organisation's own Droughi
Plans. It seeks o support in the facilitation of collaborative discussion within and
between sectors where this helps the overall outcomes of managing drowght
regponse for society and the environment.

2 GROUP MEMEERSHIP AND CADENCE

VYWHeN's programme manager will organise meetings and provide secretanat

services for the group, with additional aclivities funded by separate agreement as
nesded.

Cur drowght group will:

1. Complement, not replace, existing drought management structures and
authorities
2. Meet on Microsoft Teams:
o twice yearly (April and September) during non-dry weather conditions;
and
o monthly once a peried of prolonged dry weather or an environmental
drought has been declared by the Environment Agency (EA)
3. Maintain a rotating chair structure across different sectors

The group will include representatives from:

v Vater companies serving the region

v Key water-dependent sectors (agriculture, energy, navigation, tourism, etc.)
»  Regulatory bodies (Environment Agency, Matural England, CCW)

v Abstraction groups and other relevant stakeholders

Ve intend the WReN drought group will report itz regional position fo the WHeN
Board and Mational Drought Group.

3 ENVIRONMENTAL AND SOCIAL COMMITMENT

In all drought management activities, the needs of the environment, including water-
dependent habitatz and ofther sensitive environmental sites, will be a key
consideration. Waorking with the Emvironment Agency and Matural England
representatives (whose principal role is fo protect and improve the environment), the
group commitz to pursuing drowght management solulions that protect and enhance
the natural environment.

social needs will also be a key consideration in all drought management activities.
Working with CCW and the water-dependent sectors alongside the waler companies
(who bring knowledge of their customers e g. through significant customer research),

the group commiis to pursuing drought management solutions that protect social
nesds.

2of 2 VErsion 2
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WATER RESOURCES NORTH WReN

4 ADOPTION AND REVIEW

Following adoption, this statement of infent and the WReN Drought Group Terms of
Reference will be reviewed annually to ensure they remains fit for purpose and
aligned with regulatory expectations.

Document Control

hra

1 drar 1
1.1 Update to reflect WReM leads 07025

comments
20 Final inconporating Drought 141072025
Group membsr comments
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APPENDIX 5: TEMPORARY USE BAN REGIONAL ALIGNMENT

The majority of Water Resources North (WReN) including Northumbrian Water, have
agreed the following universal TUB enforcement policy.

The following enforcement policy is a universal document for water companies
to use when implementing a TUB.

Introduction

Northumbrian Water is the statutory water and sewerage undertaker for an area
covering approximately [add a broad descriptive geographical].

A map showing the region for which Northumbrian Water is appointed to act as the

statutory water undertaker is shown shaded in blue and attached to this document as

Appendix A. This area is referred to within this
Regi ono.

On [date] Northumbrian Water imposed, throughout the Northumbrian Water Region,
a prohibition on the use of water for a number of specified categories of use, in
accordance with section 76 of the Water Industry Act 1991. This is referred to as the
Temporary Use Ban or TUB. The TUB was imposed because of the serious deficiency
of water available for distribution and its terms are as follows:

The TUB took effect from midnight on [date] following publication of the notice on the
Northumbrian Water website and in the [insert newspaper name], The Times and the
Daily Mail newspapers on [date]. The terms of the TUB are attached to this document
as Appendix B.

Under the terms of section 76(5) of the Water Industry Act 1991, if any person fails to
comply with the terms of the TUB that person shall be guilty of an offence and liable
on conviction in the Magistratesdé Court to a

This enforcement policy sets out the standards and guidance that will be applied by
Northumbrian Water when undertaking its enforcement role within the provisions of
the Water Industry Act 1991.

Where infringements and contraventions are found, Northumbrian Water will respond
in a manner commensurate with the need to safeguard the availability of water
available for distribution. Wherever possible, Northumbrian Water will offer advice to
those who may have contravened the prohibition in a bid to remedy infringements in
a timely and cost-effective manner. However, in particular cases, offenders may face
prosecution.

The purpose of this enforcement policy is to seek to ensure that when enforcement
action is required, it is pursued in a consistent, balanced and fair manner.

NW
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Overall Aim

It is intended that this policy will seek to ensure compliance with the TUB within the
Northumbrian Water Region, in an attempt to conserve water, in a fair, open and
consistent manner having regard, where appropriate, to the circumstances of each
individual case and the extent to which the terms of the TUB have been contravened.

Guiding Principles

Whilst undertaking its regulatory and enforcement role in connection with the TUB,
Northumbrian Water will have regard to the following Guiding Principles:

A Any decision regarding enforcement action will be impartial and objective, and
will not be affected by race, politics, gender, sexual orientation or the religious
beliefs of any alleged offender, victim or witness.

A Northumbrian Water will use as its starting position when considering
enforcement of the TUB the belief that the vast majority of persons wish to
comply with the terms of the TUB and should be assisted in doing so by
Northumbrian Water following the Investigational Phase process set out in
AppendixCbel ow (At he I nvestigational Phaseo) ,

A There will be a consistent approach to enforcement whilst recognising
individual circumstances.

A Prosecution for an offence under the Water Industry Act 1991 will be
considered in all cases, but particularly where a serious, severe, persistent
and/or blatant breach of the relevant legislation has taken place or where
alternative methods of resolution have failed.

Standards

Northumbrian Water will try to meet the highest standards of service whilst undertaking
its regulatory and enforcement function in connection with the TUB. The following
specific level of service standards will be applied in connection with the TUB: -

A Matters relating to enforcement of the TUB will be dealt with promptly with
written enquiries and complaints receiving a response or acknowledgement
within ten working days.

A Employees of Northumbrian Water employed to monitor compliance with the
TUB will announce themselves on arrival at any premises and promptly show
credentials/identification unless they are already known to the person or
persons on such premises.

A Employees of Northumbrian Water employed to monitor compliance with the
TUB will provide their name and a Northumbrian Water contact telephone
number to those persons with whom they are in written contact concerning
enforcement of the TUB.

A Complaints relating to persons failing to comply with the TUB will be dealt
with promptly, though we will always request the name and address of the
complainant. Any such identification will be treated in confidence, but may
need to be disclosed (with prior consent) should formal legal proceedings be
taken against the person or persons to which the complaint relates.
Anonymous complaints, however, will still be investigated.

NW
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A Northumbrian Water will be professional, courteous and helpful in its
enforcement of the TUB and wherever possible will seek to work with persons
towards compliance using the Investigational Phase.

A In accordance with the Investigational Phase at the onset of considering
enforcement action Northumbrian Water will provide the person(s) believed to
be contravening the TUB in writing with full details of the manner in which it is
alleged the TUB has been breached and the steps that are required to be
undertaken and by when to avoid enforcement action being taken.

Consistent Enforcement

Consistent enforcement action is desirable, but absolute uniformity would be unfair by
failing to recognise individual circumstances that may modify action to be taken where
it is permissible. Consistency of approach whilst allowing a degree of discretion will be
encouraged by:

A Appropriate training and supervision of those employed by Northumbrian
Water to monitor and enforce compliance with the TUB. Amongst other things,
they will be made fully conversant with the terms of this Enforcement Policy
and its Appendices.

A Ensuring there is compliance with the standards set out in this policy by
Northumbrian Water.

A Recognition that it may not be in the interests of justice to prosecute a person
found to be breaching the terms of the TUB in those cases where there is only
sufficient evidence to prove a minor infringement.

The final decision whether or not to prosecute will be taken by Northumbrian
Waterds Executive Management Team,
unique and must be treated on its own merits.

Assessing Appropriate Action (in cases of infringement)

The Investigational Phase that will be undertaken by Northumbrian Water sets out the
detailed steps that will be taken by Northumbrian Water before enforcement action is
taken against a person found to be contravening the TUB. Northumbrian Water will
seek to ensure that the process identified in the Investigational Phase attached below
as Appendix C as it applies to each individual case will be followed to allow a person
sufficient time to demonstrate compliance with the terms of the TUB before
enforcement action will be taken.

Prosecution will normally be considered where one or more of the following criteria are
satisfied:-

A There is a need to protect the public interest and the interests of the
environment, health, safety and such other interests.

Informal approaches have failed.

The persons concerned have ignored requests for compliance with the TUB.
There has been a repeated serious and/or blatant contravention which is a
clear overt challenge to the TUB and has potential to undermine customer
confidence in the fairness of the restriction.
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Northumbrian Water accepts that the decision to institute criminal proceedings against
a person or persons who fail to comply with the terms of the TUB is a serious one that
should only be taken after full consideration of all the facts.

Northumbrian Water is not bound by, but chooses to accept the provisions of the Code
for Crown Prosecutors, January 2013 As such, Northumbrian Water will only institute
criminal proceedings when it is satisfied that the two stages of the Full Code Test: (i)
the evidential stage; and (ii) the public interest stage, have been met.

The evidential stage is passed when there is sufficient evidence to provide a realistic
prospect of conviction against each defendant on each charge. A realistic prospect of
conviction means that a bench of magistrates, properly directed in accordance with
the law, is more likely than not to convict the defendant of the charge alleged.

The public interest stage is applied by balancing public interest factors for and against
prosecution. A prosecution will usually take place unless there are public interest
factors tending against prosecution which clearly outweigh those tending in favour.
Public interest factors that can affect the decision to prosecute usually depend on the
seriousness of the offence or the circumstances of the offender. Some factors may
increase the need to prosecute but others may suggest that another course of action
would be better.

Both the evidential and public interest stages will be considered fairly and objectively
by Northumbrian Water.

[Date]

Appendix A Map of Northumbrian Water Region

Insert a map showing the geographical area for which Northumbrian Water is
appointed as the statutory water (fAthe

Appendix B Terms of the Temporary Use Ban

Temporary Use Ban:

Section 76 Water Industry Act 1991

Potable water supplied throughout the area of [Company name] Utilities Limited must
NOT be used for the following purposes:

Nort h

1. watering a 6gardend using a hosepipe;

2. cleaning a private motor-vehicle using a hosepipe;

3. watering plants on domestic or other non-commercial premises using a hosepipe;
4. cleaning a private leisure boat using a hosepipe;

5. filling or maintaining a domestic swimming or paddling pool (except when using
hand held containers filled directly from a tap);

6. drawing water, using a hosepipe, for domestic recreational use;

7. filling or maintaining a domestic pond (excluding fish ponds) using a hosepipe;

8. filling or maintaining an ornamental fountain;

9. cleaning walls, or windows, of domestic premises using a hosepipe;

10. cleaning paths or patios using a hosepipe;
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11. cleaning other artificial outdoor surfaces using a hosepipe.
Definition of a garden

A fngardenodo includes all of the following: a
grass verge; an area of grass used for sport or recreation; an allotment garden, as

defined in section 22 of the Allotments Act 1922; any area of an allotment used for
non-commercial purposes; and any other green space.

Exemptions
The following will be exempted from the restrictions:

i) using a hosepipe in a garden or for cleaning walls or windows of domestic premises,
paths or patios, a private leisure boat or an artificial outdoor surface, where such use
is necessary for health and safety reasons.

i) people with severe mobility problems who hold a current Blue Badge as issued by
their local authority will not be prohibited from using a hosepipe to water a garden
attached to a domestic dwelling, plants on domestic premises, or allotments where the
Blue Badge holder is the tenant.

iii) using a hosepipe to clean a private motor vehicle, walls and windows of domestic
premises, or paths, patios and other outdoor surfaces where this is done as a service
to customers during a business.

iv) using a hosepipe to water an area of grass or artificial outdoor surfaces used for

sport or recreation, where this is required in connection with a national or international
sports event. A |list of qualifyingswebsiéents wi
and updated as and when required.

v) drip or trickle irrigation watering systems, fitted with a pressure reducing valve and
a timer, that are not handheld, that place water drip by drip directly onto the soil surface
or beneath the soil surface, without any surface run off or dispersion of water through
the air using a jet or mist.

NW



Drought Plan 2027 Appendix
Northumbrian Water

Appendix C: TUB Non -compliance Investigational Phase (Flowchart)

Figure 1: TUB Compliance Process
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APPENDIX 6: POTABLE WATER BULK SUPPLIES

We have a number of potable water imports and exports which are detailed below.
For the purposes of this Drought Plan we have assumed that the full quantity outlined
in our water supply agreements will be available during a drought. Requests to
increase transfers (within the capacity of the transfer mains) will be considered against
our own water resources position and would only be supported if our modelling

confirmed no significant increase in ri

Contractual external bulk imports include the United Utilities import into the Kielder
WRZ is 0.3Ml/d, and the Anglian Water import at Wynyard into the Kielder WRZ is
0.15Ml/d.

Contractual external bulk exports include the United Utilities export out of the Kielder
WRZ is 1.3Ml/d.

New Appointments and Variations (NAVOs
a current registered total of 47 in the Kielder WRZ. The contractual volume for the
operational NAVs is 7.71Ml/d, as of April 2025. There are currently no NAVs in the
Berwick WRZ.
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APPENDIX 7:SECLI FIRM OFWAT INNOVATION FUND PROJECT

Background

This project intends to use the findings and intellectual property (IPR) from a Horizon
2020 funded project called SECLI-FIRM which looks at the added value of seasonal
climate forecasting for integrated risk management. The SECLI-FIRM project
successfully demonstrated that more reliable weather dependant decisions can be
made out to 2-4 weeks if tailored sub-seasonal forecasts are utilised. The project used
the Met Office |IPR called 6éDeciderd along wi
Water to build a sub-seasonal water demand forecast model. The Decider forecasting
tool (to be used as background IPR) developed by the Met Office, uses the
predictability of large weather systems (or weather patterns), and the resulting model
exploits the relationships between these weather patterns and water company's
demand. The result was a demand forecast model that gives Northumbrian Water up
to four weeks' notice of significant changes in weather, allowing them to be better
prepared for large changes in water demand.

Aims and Objectives

The project aimed to achieve an in-depth understanding of weather-related water
demand. A forecast that can produce alerts to high customer demand events in the
summer but also freeze thaw events that would increase demand through leakage.
The model aims to provide alerts up to a month in advance, which would enable the
business to plan further in advance to these high demand events but also to low
demand events which would help in identifying the most appropriate time for
maintenance. The forecast ensures the business can plan according to the low and
high demand events to efficiently allocate production and maintenance costs, rather
than rely on a worst-case scenario approach. With a greater lead time, leakage
resources can be appropriately allocated, which would mean better control and quicker
reduction during high leakage events. The model could be used as an indicator to the
severity and length of time that extreme weather is likely to persist, which could be
used to decide whether drought actions or any other demand reduction measures
might be needed.

Methodology

This project builds on the insights, solutions and methodologies that were developed
during the EU H2020 project SECLI-FIRM. The purpose of SECLI-FIRM was to
demonstrate the added value of seasonal climate forecasting for integrated risk
management in both the energy and water sector. Consequently, the project has built
up a wealth of expertise on the best approach to develop and deliver industry-tailored
forecast services that are designed to maximise the benefits to operational decision-
makers at sub-seasonal (2-4 weeks) and seasonal (1-3 month) time frames. As part
of the SECLI-FRIM project, a demand forecast that extends out to 30-day days ahead
has been developed and calibrated for Northumbrian Water. It demonstrates that by
following the methodology developed in the SECLI-FIRM project, real-time tailored
sub-seasonal forecast services can be successf
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operational decisions improving operational efficiency and resilience. The
methodology to develop this forecast exploited, for the first time, the skill in forecasting
broad-scale circulation patterns and the latest demand modelling approachesé.

At longer lead-times, broad-scale circulation types are more predictable than the
actual weather itself. The water demand forecast was extended from 14+ days ahead
to sub-seasonal lead times (1 month +) over the winter and summer using weather
patterns which are representative of the variability in large-scale atmospheric
circulation over the UK and surrounding area. There are 30 weather patterns (Figure
1) that are used in the model, ranked from most to least common.

Current weather conditions are used in the decider tool to predict the likely weather
transitions based on historic weather data. This is shown in better detail in Figure 2
where regimes are given a probability out of 100. As the period of the forecast
increases, there is more uncertainty and so there is a chance that several outcomes
may occur. However, the tool will give an indication of which weather regime is most
likely to occur based on the historic data.

The decider tool provides quick and comprehensive advice to forecasting teams to
ensure that decision makers working in weather-sensitive trades are fully informed. As
an overview the tool aims to:

1 Access an alternative view of weather conditions up to 32 days ahead that
utilises the most accurate weather models in medium range weather
forecasting.

1 Review the confidence in the forecast and make risk-based decisions
accordingly.

1 Clearly identify changes and transitions over the forecast period.

1 Quickly see how weather patterns will impact on climatologies for different
regions.

1 Summarise a broad range of information, including circulation biases, regime
seasonality, distance and correlation values which supports decision making.

1 Identify clear correlations between weather regimes and your own data,
enhancing the quality and confidence of your decision making.

1 Recognise impacts on energy generation and demand, as a result of several
weather parameters, including wind, precipitation and temperature anomalies?.

5Met Office

https://lwww.metoffice.gov.uk/services/busindésdustry/energy/decider

”The Added Value of Seasonal Climate Forecasts for Integrated Risk Management DecisionsHISECLI
Project | News & Multimedia | H2020 | CORDIS | European Commission
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Figure 1: 30 weather patterns set out by the Met Office.
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INTERACTIVE TABLE: Probability of sach regims oocurring at sach lead tims (30 ragimss) - UK
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Figure 2: The probability of each regime.

Phase 1 1 Exploration and Data Collation

The first phase included the collation of demand data for our Essex area. This was an
extensive task, where the Met Office required as much historic data as possible to
ensure there was a high enough temporal frequency to assist with the accuracy of the
model. Therefore, this phase was crucial in ensuring that the project provided reliable
forecasts and met the initial aims and objectives we hoped to achieve.

This exploration stage was largely successful, where data was shared in a timely
manner. In some instances, issues were identified with data through the application of
the Met Officeds quality control procedures
were addressed with a final dataset created, ready to be used for the forecast model.
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Phase 2 i Set Up Forecast Service

Phase 2 involved the development of a bespoke water demand model for
Northumbrian Water from the data provided in phase 1. This process involved:

1 Generating modelled impact time series, quantifying the performance of the
model against the observed time series

1 Developing climatologies of the impact on demand with the 30 weather patterns
(Error! Reference source not found.  2)

1 Showing the performance and potential of the forecast model using verification
statistics

1 Developing prototype visualisations for a forecast service, showcasing the
potenti al by generating forecasts 0
events

During the development stage, initial observations indicated that the model produced
over and under confident forecasts dependent on seasonality, which meant further
refinement to produce a tool that could provide accurate forecasts and reduce the risk
of false alarms.

Phase 3 7 Trial Forecast Service

The project entered phase 3 with the service going live. Weekly forecasts (Figure 3)
were provided by the Met Office for the month ahead. Monthly stakeholder meetings
with the Met Office and partnering water companies were held to dissect the forecasts
in detail, provide feedback and opportunities for improvement to the service. During
this phase the forecasts were compared against actual demand to evaluate the level
of accuracy the model provided.
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Issued: Sunday 02 Jun 2024.
Likelihood compared to normal (left axis) and probability (right axis)
of exceeding weather dependent demand percentiles.
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Figure 3. Weekly forecast issued on 2nd June 2024 by the Met Office for 7th June T
30th June, showing the likelihood of high or low demand and corresponding demand
percentiles.

NW
living wator

38



Drought Plan 2027 Appendix
Northumbrian Water

Results

The project analysis has been split into four parts, one for each season. With particular
focus on the summer due to an increase in customer demand and winter periods,
where leakage peaks due to freeze-thaw events as seen in Figure 4. This data was
used throughout the trial to evaluate the performance of the model.

Essex Seasonal Demand

490
Spring Summer Autumn Winter
470

450

430

Mid

410

390

370

350
20-Mar  20-Apr  20-May  20-Jun  20-Jul  20-Aug 20-Sep 20-Oct 20-Nov 20-Dec  20-Jan  20-Feb

Date

Figure 4: Daily demand in Essex 20th March 2024 7 19th March 2025 showing shifts
in demand by season.

Spring 2024

The forecast was fairly accurate during this period at predicting the higher-than-
average demand (Figure 5). It failed to identify the high demand at the start of the
forecast, which fell between the 70th and 90th percentiles, where the model had
predicted a lower-than-normal likelihood of high demand. However, it is worth noting
that demand is less weather dependent during this period, and likely impacted by
unrelated factors, especially given the average weather experienced.
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Issued: Sunday 17 Mar 2024.
Likelihood compared to normal (left axis) and probability (right axis)
of exceeding weather dependent demand percentiles.
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Figure 5: Forecast issued on 17th March 2024 for 22nd March i 14th April, with actual
demand included for comparison.

Summer 2024

Entering the summer months is where we expected the forecast to be most beneficial
as this is usually when customer demand peaks due to the weather. The forecast
(Figure 6) correctly identified both the peak at the start of the period and the lower
demand from the beginning of July onwards.
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Issued: Wednesday 19 Jun 2024.
Likelihood compared to normal (left axis) and probability (right axis)
of exceeding weather dependent demand percentiles.
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Figure 6: Forecast issued on 17th June 2024 for 24th June 1 17th July, with actual
demand included for comparison.

Although the summer of 2024 was largely uneventful in comparison to the extremes
seen in the previous few summers, there was a period of warm and dry weather
between 19th July and 12th August. Likelihood and actual demand in Figure 7 show
that the model was accurate at predicting the peaks and troughs during this period
with similar trend lines. However, when comparing actual demand against the
corresponding percentiles, the model underestimated demand during this period with
only 2 days dropping below the 50th percentile. Therefore, further fine tuning and
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possible sensitivity increases are necessar:

these events in the future.
Issued: Sunday 14 Jul 2024.

Likelihood compared to normal (left axis) and probability (right axis)
of exceeding weather dependent demand percentiles.
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Figure 7: Forecast issued on 14th July 2024 for 19th July i 11th August, with actual
demand included for comparison.

Autumn 2024

As expected, there were a few peak demand days at the beginning of this period but
smaller in comparison to the summer. However, the model predicted an increased
likelihood of demand reaching the 90th percentile throughout November, which was
accurate when comparing the percentiles to actual demand (Figure 8). November saw
temperatures only slightly above average but more importantly it was unseasonably
dry which is likely what the forecast used to predict high demand for this period (Figure
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9). With continuous improvement ongoing, a RAG rating accompanying the forecasts

was added in October, which showed the level of certainty of high or low demand
event.

Issued: Sunday 27 Oct 2024

Likelihood compared to normal (left axis) and probability (right axis)
of exceeding weather dependent demand percentiles.
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Figure 8: Forecast issued on 27th October 2024 for 1st November i 24t November
with actual demand included for comparison.
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November Temperature and Rainfall
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Figure 9: Graph showing temperature and rainfall for 1st November i 24th November.

Winter 2024 7 2025

Demand was relatively stable throughout the winter except for a spike at the start of
2025, resulting from increased leakage after a period of cold weather. The high
demand event was first identified in the forecast issued on 22nd December (Error!
Reference source not found. 10), the forecast was fairly accurate at identifying both
high demand and the low demand between. However, the subsequent forecast, Figure
11, which was only issued a few days later seemed to underestimate the length and
severity of the event. It was again picked up in the following forecast (Figure 12) which
indicated a more significant high demand event.

In this instance, although the event was identified throughout, it seems that the model
lacked confidence and showed a level of uncertainty in the forecast. This indicates
that the model may need to be adjusted during the winter months to increase sensitivity
to possible freeze thaw events.
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Issued: Sunday 22 Dec 2024
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Likelihood compared to normal (left axis) and probability (right axis)
of exceeding weather dependent demand percentiles.
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Figure 10: Forecast issued on 22nd December 2024 for 27th December i 19th
January.
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Issued: Wednesday 25 Dec 2024
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of exceeding weather dependent demand percentiles.
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Figure 11: Forecast issued on 25th December 2024 for 30th December i 22nd
January.
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Issued: Wednesday 01 Jan 2025
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Figure 12: Forecast issued on 1st January 2025 for 6th January i 29th January with
actual demand included for comparison.
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Spring 2025

Although most of spring 2025 was generally mild, it was unusually dry, with less than
half of the average rainfall for March to June (Figure 13). This meant an increase in
demand compared to normal. The majority of forecasts during this period
underestimated demand (Figure 14 and 15) where actual demand was nearing the
90th percentile for large parts of spring. The model was correct in predicting a spike in
demand at the end of April which gave 3 weeks of notice. With the forecast issued in
May (Figure 15) demand was forecast to be lower than average for large parts of the
month. However, actual demand only dropped below the 50th percentile for 2 days.

Spring RainfallHanningfield Treatment Works

= Average Monthly Rainfall (1980 - 2025)====2025 Monthly Rainfall

40 — /
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w
o
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Figure 13: Graph showing rainfall for March i June 2025 and average between 1980
i 2025.
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Issued: Wednesday 09 Apr 2025
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Figure 14: Forecast issued on 9th April 2025 for 14th April i 7th May with actual
demand included for comparison.
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Issued: Sunday 04 May 2025
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Figure 15: Forecast issued on 4th May 2025 for 9th May i 1st June with actual demand
included for comparison.
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Summer 2025

Dry weather continued into the summer months, where temperatures also started to

increase as can be seen in Figure 16. The forecast issued at the beginning of June,

suggested that high demand would be experienced, followed by lower-than-normal

demand towards the end of the month. However, actual demand remained very high

throughout the month. Subsequent forecasts throughout June were updated each time

with increased likelihoods of high demand, which can be seen in Figure 18, where high
demand was forecast, wher e originally it wasno6t in the
month (Figure 17).

The forecast provided at the beginning of July was far more accurate at predicting
demand for the mont h Figlral®). Therenig desr cdrrelatienc a st s
between actual demand and the forecast. In this instance, demand was slightly
overestimated for the second part of the forecast. However, the forecast did well at

identifying high and low demand events in a period of prolonged dry and warm
weather.
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Figure 16: Graph showing temperature and DI for 1st June 1 30th June.
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Issued: Sunday 01 Jun 2025
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Figure 17: Forecast issued on 1 June 2025 for 6 June i 29 June with actual demand
included for comparison.
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Issued: Sunday 15 Jun 2025
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Figure 18: Forecast issued on 15 June 2025 for the 20 June T 13 July.
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Issued: Wednesday 02 Jul 2025
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Likelihood compared to normal (left axis) and probability (right axis)
of exceeding weather dependent demand percentiles.
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Figure 19: Forecast issued on 2 July 2025 for 7 July i 30 July with actual demand
included for comparison.

Evaluation

The key benefit achieved from this project

events, significantly longer than the normal 10 day. This has been useful to prepare in
advance for potential leakage events during winter and high customer demand events
during the summer. The advance notice can allow operational activities more time to
prepare for an event to reduce the impact of the high demand on both our customers
and the business. It also has the potential to reduce demand from these events,
therefore benefiting the environment from lower abstraction. For example, sending out
customer communications to encourage using water wisely prior to a hot and dry
weekend in the summer.

The forecast has been fairly accurate at identifying weather events that will impact
demand. Seeing high/low demand likelihood weeks in advance and plotting actual
demand against this to see an accurate picture gives confidence and going forward
this tool can be used with greater certainty, allowing for a measured response. From
our comparisons of the forecast, this has been a useful tool for predicting demand.
Having this data, could prove useful during reporting periods when weather had a
direct impact on water use.
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The weekly forecasts issued were clear and easy to understand. Although no extreme
weather events were experienced last year, having the ability to also see the likelihood
and potential demand impact by using percentiles would be a useful tool in the future.
This should allow for an appropriate level of preparedness.

We have adopted the project outputs into our daily workplan, whereby the weekly
email outputs have been shared to teams impacted by high demand on a weekly basis.
Where a significant high demand event is forecast further messaging to highlight the
issue is shared around the business prompting action plans to begin to reduce the
impact of these events.

Receiving weekly updates gave timely notice for weather events which would impact
demand. The graphs enabled us to plot these events against our actual demand on a
weekly basis and compare the accuracy as to whether we experienced high/low
demand. Beingina water stressed area, we didn
of high demand, but this would be a key source of information to prepare in the event
of one.

Recommendations

Our next steps as a business are disseminating the full 12 months results to the wider
business which compares actual demand to forecasted demand from this project. This
will then inform the cost-benefit assessment of this project internally. We would like to
continue using this Met Office service, especially in our southern operating area
(Essex & Suffolk Water) as it has shown benefits from knowing of high demand events
in advance.

There are some improvements that can be made with the data currently provided,
such as the provision of the data in a CSV file, which can enhance the functionality
and improve the usability of the current data, allowing to plot the data against actual
demand as well as plot forecasted demand. Being able to plot all historic high demand
weather events against historic demand would help in determining the demand we are
likely to see. Overall, having data that is more transferable and easier to use will benefit
us.

The sensitivity of the model could be adjusted, as some high/low demand events were

mi ssed. Thi s woul d need further di scuss

alarms/reduce the values on the X axis so we can see with better accuracy whether
an event will result in high or low demand. The graphs at times were too stable and
unless there was a high impact weather event, high demand was missed.
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Conclusion

The impact of this project has been the advanced warning of high impact high demand

events up to 4 weeks in advance. This has been useful to prepare for potential leakage

events during winter and high customer demand events during the summer. Although

the summer was relatively temperate, the model shows promise in predicting high

demand events much further in advance than previously available. Ultimately, the
potenti al of the model wasndét truly tested c
a sustained period of hot and dry weather, the model would prove useful in planning

ahead and potentially assist in decision making during future droughts.
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APPENDIX 8: DROUGHT VULNERABILITY ASSESSMENT

We are required to test the plan against different types of droughts (in terms of
magnitude and duration) and identify when our supply is likely to be vulnerable.

In order to carry out this assessment we have completed the following:

T an assessment which uses the
Frameworko (17/ WR/ 02/ 12).

1 Stochastic drought modelling.

principles o

The UKWIR guidance provides an approach that water companies can use to improve
the understanding of the vulnerability of their systems to drought and demonstrate this
graphically by producing 6 D r o wegpbnise surfaces' (DRS) for their Water Resource
Zones (WRZs).

The guidance recommends several different calculation approaches based on the data
availability and the level of modelling available for each WRZ, these approaches are
detailed in the table below.

Historic rainfall data with
no hydrological models

{with behavioural model)

Nature of Drought Nature of WRZ and wl Notes/Comments
Rainfall Data and Deployable Output
Hydrological Modelling | Assessment
Stochastically based ; . . . Where direct flow generation has
C it th ropid
rainfall data (normally -DI'IjIJI'I Lot 1a been used then rainfall deficit/flow
£ 2 simulator £ &
includes hydrological analysis required
madels, but can include
multi-site flow Conjunctive but no rapid b Uses a sample of the full stochastic
generation) simulator data set ('drought libraries’)
Synthetically based Al " Requires Extreme Value Analysis (EVA)
rainfall data to estimate risk/return period
5W storage dominated 5 Requires EVA of rainfall, and
Histaric rainfall data with {with behavioural model) = yield/return period behaviour
rainfallfrunoff and/or
groundwater models Groundwater or run of m Requires EVA of rainfall and flow/level
river only return period behaviour
5W storage dominated Rainfzll EVA and rainfall deficit/inflow

relationships needed

Groundwater or run of
river only

-

Rainfall EVA and raintall
deficit/level/flow relationships needed

For the Kielder WRZ approach 4a was deemed to be the most appropriate due to not

having, at the time, a full coverage of rainfall runoff models for the WRZ.

The calculation steps for Approach 4a as set out in the UKWIR guidance are detailed

below.

1. Carry out EVA to determine the probability of each deficit/duration cell
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2. Systematically generate synthetic events (intensity & duration) for a selection of
deficit/duration cells using the historic record.

3. Run behavioural model for the selected level of demand
4. Calculate the number of days deficit for each synthetic event.

5. Scale impacts (see Section 6.1). Smoot h
appropriate. Compare the EVA plot of minimum levels or flows against the critical
duration drought outputs to scale the DRS inputs

6. Plot DRS

Prior to carrying out the calculations required to complete the drought vulnerability
analysis there are two common decisions that need to be made:

A Decide upon which édmonth endingd timings
A Decide upon what level of demand the analysis should be run at.

Selection of O6Month Endingé6

The guidance recommends that for a WRZ with a high level of storage that is driven
by the annual average DO the month ending parameters are set 3 months apart,
historically the lowest storage levels experienced have been in October.

Analysis of minimum storage levels within the Kielder WRZ was carried out by
summing the monthly storage values for all reservoirs in an Aquator model run, using
DO demands, and finding the month with the minimum storage value in each year
from 1926-2014 (89 years). The minimum storage in each year was ranked, and the
frequency of months containing the minimum storage in the 15 lowest years were
plotted. Of these 15 years, 13 of the lowest storages occurred in October and, since
this significantly dominated the sample of the most extreme years, only October was
used in the analysis.
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1o Lowest 15 months of total water storage

frequency
(=]
(=)} [#4] (=]

F=Y

| I
j?an Feb Mar Abr Méy Ju'n JLjI Aljg Sep Oct Nov Dec
time / months

Level of Demand Used

To carry out this assessment several different levels of demand could be used such
as.

1 Total demand (DI)

1 Total demand plus Target Headroom

1 Total demand plus Target Headroom plus Outage
1 Demand equivalent to DO

As deployable output is circa 123% of demand in the Kielder WRZ, and the system is
constrained by licence/pumping capacities running the Aquator model at anything less
than a demand equal to DO, would not place the system under enough stress to fully
assess the risk to supplies during an extreme drought.

Rainfall Analysis

The daily catchment rainfalls, as used to construct the flow sequences for Aquator, for
Burnhope, Cow Green, Derwent and Kielder were averaged to produce a single daily
time series. This single timeseries of rainfall data was taken forward for the analysis.

The DVF manual requires rainfall frequency analysis for different drought durations to
be based on the same end-months as the selected drought end-month for the water
resources system. As only October was identified as a critical end-month for reservoir
drawdown, rainfall analysis should be based on rainfall totals up to the end of October
for every year of record.

Further analysis of the rainfall data was undertaken to assess if the October end month
durations (6, 12, 18, 24 and 36 months) were representative of the population rainfall
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distribution, a Kolmogorov-Smirnov (K-S) test was carried out for all month ends, for
each duration. For the purposes of this investigation we extended the sampling regime
to include month-end durations that were not significantly different from the central
one of interest.

Rainfall series of various durations were then tested against several extreme value
(EV) distributions. Overall, they fitted best with a three-parameter GEV distribution, the
results of this analysis are in the table below.

Table of rainfall depths as percentage of LTAS
Return Duration
W 6month  12month 18month 24month 36month
2 74% 92% 100% 181% 116%

5 62% 80% 86% 92% 97%

20 52% 70% 75% 83% 88%
50 46% 64% 70% 79% 84%
100 43% 61% 67% 77% 81%
200 41% 58% 64% 75% 79%
500 38% 54% 61% 2% 7%
1000 34% 52% 59% 70% 75%

Generation of synthetic events

Method 4a requires the creation of river flow sequences representing droughts of
different durations and return periods. This is achieved by defining a relationship
between rainfall over a given duration and the runoff volume accumulated over the
same duration for the same events in the same catchments. This relationship is then
used to generate runoff totals from the return period rainfall totals derived from the
GEV analysis. Once the runoff volume has been estimated it must then be translated
into a daily flow series for onward use in the water resources model.

The key assumption in the approach is that the return period for the rainfall total and
duration of interest translate directly over into the same return period for a given
duration and volume of runoff.

The figures below show the catchment rainfall (mm) against recorded runoff (Ml/d)
over the same period for durations from 6 months through to 36 months. The dashed
line is the line of best fit using linear regression model, the equation of which is
displayed in the legend.
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To estimate the flow for the various return periods for each duration, the drought
rainfall factors were used to estimate the extreme rainfall totals for that drought.

The linear regression relationships established between the rainfall and flows were
used to turn the extreme rainfalls needed for each drought into a consequential runoff

vol ume. From this, t he rati os wer e cal cul at
duration and the newly derived drought flows from the linear regressions.
The DVF manual instructed to find a édnor mal ¢

to create the artificial drought series, a least squares estimate (LSE) method was used
to find a year whose monthly flow closest matched the average monthly flow across
all years.
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The 6énormal 6 year daily flow data were the &
time series. The ratios calculated from the rainfall/flow relationship (explained above)
were multiplied by the &édnormal 6 yeatrandf or t h

strung together with multiple O6normaldé year
droughts.

The general structure of the drought time series was as follows for a given duration:

2 warm-up years

1 in 100 return period drought (this was 1-3 years, depending on the duration.
For 12+ month durations, the drought year, which ended in October, would
overlap with the previous year. To account for this, the drought period spanned
over 2 or more years)

1 cool down year

2 warm-up years

1 in 200 return period drought

A
A

> > >

And so forth, until the final return period and a cool down year.

Aquator Modelling

The drought time series for each catchment were input into Aquator Version 4.3 for
the Northumbrian Water system and ran with demand set at DO levels (836Ml/d).

Failure days occurred when the demand could not be met, or the emergency reservoir
storage was used.
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The table below summarises the number of failure days for each duration and given
return period. Only the 1 in 500 and 1 in 1000 droughts for the 6 month duration had
any failure days.

REE Duration (months

return

N~ 12 18 24 36
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
114 0 0 0 0

Drought Response Surface

An alternate plot to the DRS recommended in the guidance is shown below, that we
hope offers more clarity while showing the relevant information. The graph displays
the number of failure days (left-hand axis) for the Kielder system as a bar chart and
the rainfall (as a ratio of SAAR) on the right-hand axis as a line plot. Duration lengths
are along the x-axis and the colours represent the different return periods.
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40
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Long-peri ods of o&éstochastic hydrological 6
historical hydrological patterns) were used to develop inputs to our Aquator XV water
resources models. This allows us to better understand the drought resilience of our

WRZs as well as being able to evaluate the frequency that Level 4 restrictions may be
required.

The stochastic timeseries were ran through Aquator XV using the permitted failure
method, this is where a water resources model is run multiple times using a long
hydrological record and incrementally increasing demand, to get a sense of the system
response of the WRZ. The results of the Aquator XV runs were used to produce a
profile of return period to DO, this allowed us to determine a representative DO
(825.27Ml/d) for a 1:500-year return period based on Level 4 restrictions being a
system failure. This DO level may not be associated directly with a specific model run,
but rather be interpolated from the DO profile graphed.

The stochastic timeseries were then ran though Aquator XV with the demand fixed at

the 1:500 year DO to stress test the system against a wide range of hydrological
conditions.

The calculated reduction in groundwater level has been modelled for 1:200 and 1:500
stochastic drought events. These values are used to lower the current DO curve for a
specific borehole to calculate the 1:200 and 1:500 DOs.

An example borehole performance graph, from our WRMP24, is shown below.

Groundwater Level (mQD)

-20.00

Abstraction Rate (Mlid)

® DOPlat
A DOPoint

Yrly Avg Abstraction x  Potential Yield

Primary Yield Curve Pump Intake
= == Base of BH - = DAPWL = = Pump Capacity
Daily Licence = = Annual Licence  sseeees Drought Yield Curve

A Drought DO *  Drought PY

The graph shows the baseline response (based on 2019 data) of the borehole
groundwater level to pumping (Solid red line) and the DO calculated from this (Green
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Triangle: 5.13MId at GWL=-8mOD). Baseline response of borehole GWL to pumping
is determined manually to include most data available.

The dashed red line shows the impact of a 1:200 year return period drought to the
response baseline (drawdown of 1.88m from baseline calculated using Wear
Magnesian Limestone Groundwater Model) and the recalculated DO (red triangle:
5.13MId at GWL=-9.88mOD). Purple (vertical) dashed line = Annual average licenced
abstraction rate (Primary DO constraint). Blue (horizontal) dashed line = DAPWL. Red
star = DO at DAPWL for 1:200 return period drought (Calculated based on intercept
with DAPWL constraint with plotted borehole response of groundwater level to
pumping for 1:200 year return period).

The results, reduction in groundwater level, of the stochastic modelling is shown
below.

1:2
Borehole Additiggal Addition;l:z(r)gwdown
drawdown

Fulwell 1.88 1.66
Stonygate - x* - x*

North Dalton 3.11 2.45
Dalton 3.02 2.28
Hawthorn 2.86 2.08
Thorpe 2.25 1.70
Peterlee 4.52 3.73
New Winning 15.48 11.35

**The modelled values obtained for Stonygate are considered to be invalid. The borehole is known to
be recharged via fracture flow. The current Magnesian Limestone groundwater model cannot model
recharge via fracture flow. An alternative methodology to derive a meaningful impact on groundwater
level and DO of climate change and drought is to use the model values calculated for Borehole 14 which
is analogous to the hydrogeological response of the Borehole 11 to abstractions. It is anticipated for the
WRMP29, a new groundwater model for the Magnesian Limestone will be available.

It should be noted that the modelled impact of the 1:200 return period drought is
greater than the impact for the 1:500 return period drought. This factor is also observed
in the Fell Sandstone and Essex and Suffolk regional Chalk groundwater modelling.
At present this is considered to be a consequence of the selection of the rainfall data
used in the groundwater model. The rainfall pattern prior to the drought (the timing of
the start of the drought period), and the duration of the drought, will both have a
significant impact on the results of groundwater modelling. The results of stochastic
modelling on the Fell Sandstone Groundwater Model will be used to evaluate this
observation.

The deployable output values to be used in the drought plan are those calculated for

the 1:500 event. Those boreholes constrained by DAPWL are also constrained by the
Trigger Level assign to that specific borehole and therefore have lower DO values.
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Borehole DO Constraint

Fulwell 5.13 Licence

Stonygate 4.01 Licence

North Dalton 6.99 DAPWL/Control Level
Dalton 6.30 DAPWL/Control Level
Hawthorn 4,59 Licence

Thorpe 4.04 | Licence

Peterlee 2.24 DAPWL/Control Level
New Winning 5.59 DAPWL/Control Level
Total 41.47

Based on the DAPWL DO data above, it may be seen that the greatest impact of a
drought on the Kielder WRZ Groundwater sources is on North Dalton, Dalton, Peterlee
and New Winning. Thus for operational purposes, during a drought, groundwater
abstraction rates would be decreased down to the DO levels shown in the table above
at these four vulnerable boreholes and increased up to the DO levels shown above at
Fulwell, Stonygate, Hawthorn and Thorpe in order to maintain the total Deployable
Output for the Sunderland GWS of 41.47mld. Should this combined abstraction rate
fall short of what is required (due to operational or water quality requirements) then
the deficit would need to be made up using the Central Zone surface water supplies.
This is considered achievable by increasing water supply at Mosswood and/or Lumley.

Berwick and Fowberry WRZ

Drought simulations for the Berwick WRZ, which is supplied entirely from the Fell

Sandstone groundwater aquifer, were performed using the United States Geological
Surveyb6s ' MODFLOW 6° software. A bespoke MOI
of NWL by the British Geological Survey (BGS) based on the most recent geological
interpretation of the area by NWL (2018) and Ford et al. (2019). The model was

calibrated with groundwater-level data from EA observation wells and NWL abstraction

wells for the period 01/01/1988 to 01/12/2018. It simulates transient groundwater flow

on daily time steps but with monthly stress period inputs of recharge and abstraction

rat e. Recharge inputs were calculated from
ZOODRM software, an object-oriented distributed recharge model.

From WReN rainfall and potential evapotranspiration data it was calculated that, under
1 in 200 year return period drought conditions lasting 24 months, rainfall would fall to
approximately 75% of its long term average. These data are from the nearest possible
rain gauge, though it is outside the confines of the modelled area. ZOODRM was used
to estimate a relationship i specific to the recharge zone of the Fell Sandstone aquifer
T between such a reduction in rainfall and the concomitant reduction in recharge. This
relationship is represented by a numerical factor (0.19), which was applied to the
historic recharge inputs to the MODFLOW model for 24 months, beginning at the end
of 2009. Retaining the original recharge inputs and representing the drought as a
reducing factor like this provides the opportunity to perturb the model with novel
climate scenarios whilst staying relatively
this method is to introduce as little additional uncertainty as possible. By comparing
the outputs from this amended recharge scenario with those of the baseline historic
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simulati on, a time series of Afaddi ti onal dr
NWL groundwater station. The maximum value of additional drawdown due to the 1 in

200 year drought was assessed against the abstraction constraints (sustainable rates;

annual and daily licenced rates) and groundwater level constraints (pump intake;

deepest advisable pumped water level; base of borehole) for each well, from which it

was possible to identify if there would be a reduction in deployable output under

drought conditions.

There were three distinct types of response to the drought. Sources 6 and 7 showed
a relatively rapid and significant decrease in water level of up to 13.47m and 11.68m
respectively, after which they began to recover. The Thornton Bog boreholes (which
were modelled together due to their proximity) displayed the same trend of rapid
response followed by recovery, but to a much less significant maximum addition
drawdown of 0.86m. Sources 3 and 4 (Bleak Ridge and Felkington?) showed similarly
small additional drawdowns but at the end of the simulation, seven years after the end
of the drought, had not yet begun to recover. At this point, the additional drawdown of
their water levels had equilibrated at 1.91m and 0.73m respectively. The modelling
results suggest that those wells with greater values of transmissivity are most resilient
to changes in recharge due to drought conditions.

For most of the wells, their abstraction is voluntarily constrained by NWL at sustainable
rates calculated by the BGS during development of the MODFLOW model. These
rates are significantly below the EA-mandated licences and afford NWL with resilience
against future changes in groundwater level. The only well which requires a reduction
in deployable output during a 1 in 200 year drought event is Source 3 as here the
abstraction is constrained by the pump intake level, due to a very steep yield curve.
The loss in DO would be 0.45m3/hr, or, 0.0108Ml/d, although this loss could be
recouped by lowering the pump.
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APPENDIX 9: GROUNDWATER TRIGGER DEVELOPMENT

The raw water system in the Berwick & Fowberry DMA has only existed in its current
compete form since the late 1990s. As a result, we do not have abstraction borehole
groundwater levels for key historic drought events such as in the mid-1990s and mid-
1970s.

There is an extensive network of observation boreholes in the DMA, drilled by the
National Rivers Authority (NRA), now maintained by its successor, the Environment
Agency, but the data record from these boreholes only goes as far back as the early
1990s.

For our WRMP24, we employed the British Geological Survey (BGS) to build a digital
groundwater model of the Berwick system, which we used to measure the resilience
of our abstractions to significant drought events, like a 1 in 200 year return period or 1
in 500 year return period drought. Due to the limitations and uncertainties in
groundwater modelling, however, the outputs of the model were treated as relative,
not absolute values. That is, the model was used to calculate what magnitude of
change we would expect to see in our groundwater levels during severe drought. That
change was then applied to real observeddata, t hr ough fAcurve shifti
whether a drought would drawdown water levels to such an extent that our ability to
supply would be impacted. This method showed that there was sufficient capacity for
additional drawdown in our boreholes that we would not expect to lose supply.

Unfortunately, the limitations inherent in all groundwater modelling, but especially in a
model calibrated on such a relatively short data record, are such that, while one may
place confidence in the predicted relative changes, it would not be appropriate to rely
on predicted absolute values as drought triggers; we would not enact drought actions
because a modelled condition had been triggered while real life data showed no
stress, nor would we hold off from triggering drought actions while real life sources
failed but a model assured us that all was well. In light of this, we have sought to
ground our Berwick & Fowberry drought triggers in real-life, observable data from
observation boreholes.

Of the aforementioned NRA observation boreholes, most measure groundwater levels
in sandstone sub-units of the Fell Sandstone aquifer that are abstracted from by our
supply boreholes, but there are two boreholes in sandstones up-hydraulic gradient
and separated from our abstractions by impermeable mudstone units: Royalty Farm®
and Thornton Park®. Data from the Royalty Farm borehole is used by both the
Environment Agency in their monthly water situation summaries® and by the British
Geological Survey for various research and analysis purposes, such as their historic
drought reconstructions'*. However, in the borehole |l og, a
database!?, it states that AThere is an abBtracti
23) which is still in use. This hole is to provide a control for aquifer levels near this hole

8 https://environment.data.gov.uk/hydrology/station/f648 7e8&b-4fb0-851f-37e13d945bde
9 https://environment.data.gov.uk/hydrology/station/39dasfn94e5286f8-934ecc7d93d4
10 water situation: area monthly reports for Engla@OV.UK

U https://catalogue.ceh.ac.uk/documents/ccfdedsic4a2483385af94dbfccl6

12 https://api.bgs.ac.uk/soelscans/vl/borehole/scans/items/613597
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in case of fut ur e B¥&@minirfgéte datd ecoel, | therp appears to 0
have been a step increase in the annual average groundwater level around 2012,
although it is difficult to discern exactly when due to seasonal fluctuation. We suggest
that this may represent the cessation of pumping at the Royalty Steading farm supply
borehole, although this has not been corroborated with the landowner. There is also
an increase in how often the data were collected. From 1994 to 2011, daily average
groundwater levels are only reported on a monthly basis, perhaps because they were
taken as manual dips, not recorded on an in-situ logger. A change in monitoring
equipment, of differing accuracy, circa 2012, could also explain this apparent step-
change. A time series of the groundwater level data from Royalty observation borehole
is shown in Figure 1.

Due to the uncertainty of abstraction impact on this observation borehole and because
the change in temporal resolution around 2012 gives undue weighting to the most
recent data when calculating means, Q95s, etc., it does not seem like a good
candidate for the analysis of natural long-term trends and, for this reason, we shall
deviate from the example set by the Environment Agency and instead use data from
the Thornton Park observation borehole for our drought planning. The Thornton Park
observation borehole was, likewise, drilled in the early 1990s for the National Rivers
Authority but there is no evidence to suggest that there has ever been any abstraction
from this unit. The data record is also much better quality as there are far fewer gaps
than in that of Royalty Park.

For the creation of our drought triggers, daily average groundwater level data from
Thornton Park OBH, from the beginning of the record on 14/01/1991 up to and
including 31/12/2024, were used. The mean groundwater level on every calendar day
was calculated and plotted, resulting in a sinusoidal curve that reflects seasonal
variation in effective rainfall recharge. The result shows that in an average year natural
groundwater levels are at their lowest in October, following the summer, when
potential evapotranspiration is at its highest and when dry ground with high soil
moisture deficits encourages rainfall to runoff into surface water bodies rather than
infiltrating the ground. In the average year there is then a swift autumnal increase to
peak groundwater levels in February, followed by a relatively slower decline back to
lows the following October. The seasonal range of mean daily average groundwater
levels at Thornton Park is around 0.75m. The maximum and minimum levels for each
calendar day were also calculated. These follow the same approximate seasonal
pattern but are spikier due to outliers and extreme events. The total range of
groundwater level values for Thornton Park OBH, between 1991 and 2024 was 3.07m,
from a minimum of 39.88mOD in November 1995 to a maximum of 42.95mOD in
February 2021.

A curve was fitted to the mean daily groundwater levels. Some minor manual
smoothing was applied to allow the curve to be plotted back to back without a step
between 31 December and 1 January and to bridge 29 February in leap years. This
mean curve was fitted to both the daily minimum and daily maximum by using Excel
solver: the modelled mean was adjusted either up or down by a factor, MinA or MaxA,
and Excel Solver used to find the factor which gave the smallest value for the sum of
the residual of the modelled min/max and the historic actual. The resulting band of

13 hitps://api.bgs.ac.uk/soltans/vl/borehole/scans/items/613597
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groundwater levels, approximately 2m wide, representsfinor mal 0 groundwat e
at Thornton Park OBH between 1991 and 2024. This is shown below in Figure 2. The

red dashed linei t he model |l ed or 0k regesents ew droughi ni mu m
trigger.

Comparing this trigger with the real data from Thornton Park OBH, as shown in Figure

3, shows that this method has successfully identified the mid-1990s, early-2000s and
2018 droughts or dry-periordsas fAabnor mal 0 events.
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Figure 1: Royalty OBH groundwater level time series
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Figure 2: Historic actual vs modelled groundwater levels.

Red and blue envelopes represent lowest and highest historic actual levels on each day over
the period of record.
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Figure 3: Time series of Thornton Park OBH groundwater level and drought
trigger.
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APPENDIX 10: DROUGHT TRIGGERS

0 WORKED EXAMPLES

As part of WRMP24 we reviewed and confirmed our planned Level of Service (LoS)
that customers can expect to receive. These are shown below. LoS are expressed in
terms of expectations about the frequency of restrictions on use of water during dry
years and set out the standard of service that customers can expect to receive from
their water company.

Level of service

What this means

Stated return
period

Level

Level 1 | Appeal for Ask our customers to use water wisely. | 1in 10 years
restraint For example, watering plants at night (10% probability
and not watering the lawn because in any one year)
grass is resilient to drought.
Level 2 | Temporary Use Applies mainly to the domestic use of 1in 150 years
Ban water and stops the use of a hosepipe | (0.66%
or sprinkler for any garden watering or | probability in any
cleaning. one year)
Level 3 | Drought Order Expands what has been applicable to 1in 200 years
Ban the domestic customer under the (0.5% probability
Temporary Use Ban, to non-domestic in any one year)
or commercial customers.
Level 4 | Standpipe and A temporary reduction or nil supply of 1in 500 years

Rota cuts

Surface water

water at the customer tap and use of
stand pipes to fill containers.

(0.4% probability
in any one year)

Below are some worked examples of historic droughts. All model runs are run with
demand equal to DO. Using DO in the model runs ensures that we are confident that
along with meeting demand we can also meet target headroom and outage allowance.
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Single Season Drought - 1959
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The 12-month period between November 1958 and October 1959 saw rainfall in the
north east of 59% of long-term average, with the 6-month period of May 1959 to October
1959 seeing 51% of long-term average rainfall.

Northumberland & Tyne Drought Management  Area

The modelling shows that in mid-August 1959 we would increase our communications
regarding water usage and minimise the abstraction from the Whittle Dene reservoir
group. Stock levels then continue to decline and cross the Level of Service 1 trigger in
mid-October, given the time of year we would consider whether it would appropriate
to introduce a formal Appeal for Restraint, in making this decision we could consider
the short and long term weather forecasts, current demand levels and the headroom
in the Weardale & Durham DMA and if there is any export from that DMA available.
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Weardale & Durham Drought Management  Area

The modelling shows that in June 1959 we would increase our communications
regarding water usage and minimise the abstraction from the Weardale reservoir
group. Stock levels then continue to decline b ut don 6t LewelrobSesiicetlh e
trigger until late August, given the time of year we would introduce a formal Appeal for
Restraint. Derwent reservoir remains healthy until the end of August at which point we
start to minimise abstraction from the reservoir, there is already a LoS 1 appeal for
restraint in the Weardale & Derwent DMA due to the stock levels in the Weardale
reservoir group. Derwent reservoir crosses the Level of Service 1 trigger in late
September, with both Derwent reservoir and the Weardale reservoir group below the
LoS 1 trigger the DMA would remain in Level 1 Appeal for Restraint. By mid-November
Derwent level is still falling and we would be preparing to issue a Level 2 Temporary
Use Ban. In making this decision we could consider the short and long term weather
forecasts, current demand levels and the headroom in both the Northumberland &
Tyne DMA and the Teesdale DMA to see if there is any additional export from either
DMA available. By the end of December both sources have recovered to normal
operating levels and we would move from LoS appeal for restraint to BAU.
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Tees Drought Management Area

As can be seen in the Tees DMA we would not need to impose restrictions of any kind.

The capacity of the reservoirs relative to the demand is such that we do not need to
implement any restrictions.
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The mid-1970s saw an extended period of low rainfall with several notable droughts
particularly affecting the Tyne catchment in the North East. During the four year period
between 1972 and 1976 the North East experienced 83% of long term average rainfall.
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Northumberland & Tyne Drought Management  Area

The modelling shows that in October 1972 we would increase our communications
regarding water usage and minimise the abstraction from the Whittle Dene reservoir
group. Stock levels then continue to decline and cross the Level of Service 1 trigger in
December, given the time of year we would consider whether it would appropriate to
introduce a formal Appeal for Restraint, in making this decision we could consider the
short and long term weather forecasts, current demand levels and the headroom in
the Weardale & Durham DMA and if there is any export from that DMA available. As
stock levels continue to decline, we would introduce a formal Level 1 Appeal for
Restraint in early spring ahead of the typical increase in demand.

Modelling then shows stock levels continuing to decline and crossing the Level 2
Temporary Use Ban trigger in November, given the time of year we would consider
whether it would appropriate to introduce a Temporary Use Ban, in making this
decision we could consider the short and long term weather forecasts and current
demand levels. As stock levels do not recover over the winter refill period, we would
introduce a Level 2 Temporary Use Ban in early spring ahead of the typical increase in
demand, his would remain in place all year until the stock levels begin to recover in
December when the Level 2 Temporary Use Ban would be lifted, the Level 1 Appeal for
Restraint would remain in force for the next year.
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Weardale & Durham Drought Management Area

The modelling shows that in September 1972 we would increase our communications
regarding water usage and minimise the abstraction from the Weardale reservoir
group. Stock | evels then continue to

trigger until late September, Derwent reservoir remains healthy until the end of
November at which point we start to minimise abstraction from the reservoir, given bot
the Weardale reservoir group and Derwent are below their Level 1 triggers a formal
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