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1.0 INTRODUCTION
1.1. Background

Essex & Suffolk Water (ESW) is required to update its quinquennial water resource
plan under the current periodic review for 2009. As part of this work the Company is
redeveloping the Supply Demand Balance for each of its four resource zones, as
required under the Environment Agency’'s Water Resource Planning Guidelines
(2008).

In developing the Supply Demand Balance, Water companies are required to
estimate the yield of their resource zones in terms of deployable output, which is
defined as:

“the constant rate of supply that can be maintained from the water resources system
except during periods of restriction within the following constraints:

given levels of service

the historic period for which data are available or could be derived
supply without storage entering the emergency storage zone

supply within the defining physical capabilities of the existing system
adopted for the simulation

source operation in accordance with the licence, or, for specified
scenarios, a drought order or permit.”

(Environment Agency, March 1998: Review of Water Company Yields)

In addition to the baseline deployable output, estimates of the marginal yields
associated with proposed water resource schemes over the next 25 years also need
to be determined and incorporated into the Supply Demand Balance, and evidence
produced to illustrate compliance with the Company levels of service as reported in
the Water Resource Plan.

The Essex System component of the Essex Resource Zone deployable output is
determined using a water resource system modelling approach. The PRO04
deployable output figure was defined using the Aquator model. Over the last 5 years
Aquator has been used extensively by ESW to carry out modelling for the Abberton
Scheme Environmental Impact Assessment. The model and its output have
therefore been subject to substantial interrogation both by ESW, their consultants
and the Environment Agency. As a result of this work, several changes have been
made to the baseline Essex System model in Aquator since the PR04 work was
carried out.

1.2. Aims

The aim of this report is to:

1. provide a documented update to the Environment Agency of the large body of
work that has been carried out to develop the Aquator model to that used for the

PRO09 assessment.

2. summarise the work carried out in Aquator to derive the Essex System
component of the Essex Resource Zone deployable output figure;

Supply Demand Strategy 7
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3. and summarise the work carried out to determine the marginal yield figures for
proposed water resource schemes, as well as illustrating compliance with the
ESW levels of service.

Supply Demand Strategy 8
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2.0 THE ESSEX RESOURCE ZONE & ESSEX SYSTEM

The Essex Resource Zone is bounded by the Thames Estuary in the south and the
Essex coastline as far north as Salcott in the east. The zone stretches as far north as
Silver End and as far west as the London Boroughs of Redbridge, Barking and
Havering. The zone includes the towns of Southend-on-Sea, Chelmsford, Witham,
Brentwood, Billericay, Basildon, Grays, Dagenham and Romford.

Only half of the water supplied within the Essex supply area is sourced from within it,
with the other half being transferred into the zone from outside the area. The intrinsic
water resources include the Essex rivers Chelmer, Blackwater, Stour and Roman
River which support pumped storage reservoirs at Hanningfield and Abberton, and
treatment works at Langford, Langham, Hanningfield and Layer. The remaining water
sourced from inside the zone (approximately 3% of total water supplied in the zone)
is derived from groundwater via chalk well and adit sources in the south and south
west of the zone at Linford, Stifford, Dagenham and Roding, each with on-site
treatment.

In a dry year up to a third of the water supplied in Essex is derived from the Ely Ouse
to Essex Transfer Scheme (EOETS), which transfers water from Denver in Norfolk
via pipelines and pumping stations to the headwaters of the River Stour and the
River Pant/Blackwater. The EOETS is owned and operated by the Environment
Agency.

The EOETS, the Essex rivers and their associated intakes, the pumped storage
reservoirs at Abberton and Hanningfield and associated raw water transfer pipes,
pumping stations and treatment works are collectively known as the ‘Essex System'.
This reflects the nature of the supply network in Essex which is a fully integrated one,
with great flexibility for moving water around the zone to where it is required.

A further 20% of water supplied in Essex is provided via a raw water bulk transfer
from Thames Water Ultilities’ Lea Valley reservoirs. The raw water is pumped directly
to ESW'’s treatment works at Chigwell for treatment and then into supply.

In terms of calculating the deployable output of the Essex Resource Zone as a whole
the following components need to be determined:

1. the Essex System (including Langford Recycling Scheme)
2. groundwater sources and
3. the Chigwell bulk supply.

The first of these elements in the subject of this report.

Supply Demand Strategy 9
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3.0 DEVELOPMENT OF THE ESSEX SYSTEM MODEL SINCE PR04
3.1. A Review of the Aquator Modelling Approach

Aquator is a windows-based water resource modelling system. It is based in
Microsoft Access and through its use of Microsoft Visual Basic (MS-VB)
programming, components in a resources model are able to have their behaviour
defined explicitly in the same terms as, for example, an Excel or Word macro.

Aquator models a water resource system by combining a multi-pass calculation of
how water is to be distributed within the system together with the operating rules built
into each component in the model.

This approach attempts to optimise the allocation of water by allowing demands to
first reserve and then take water. The reservation of water by all demands before
any one demand actually takes water allows a sharing algorithm to make decisions
based on predefined rules that can be replaced or modified by the user to simulate
the requirements of the water resource system being modelled.

Aquator models water resource allocation on a daily basis.

Aquator does not attempt a mathematically optimal solution, as might be calculated
using linear programming techniques for example, because;

the real world does not behave in this way,

such algorithms typically require recursive calculations which would be
prohibitively lengthy,

there is no agreement about what quantity to optimise i.e. is it the water supplied
today, next week, over the whole year, or is it the cost of supplying water?

Aquator had the ability to carry out historic yield calculations for a water resource
system. This method of calculation is known as the ‘English & Welsh Method’ in
Aquator. The method involves running the model over the critical drought period of
record in order to identify the optimum vyield of the system, i.e. the maximum demand
that can be continually met throughout the critical drought period. Aquator identifies
the optimum yield by carrying out model runs between two user defined system
demands and using a binary chop method to identify the optimum demand that can
be met by the water resource system over the critical drought period.

3.2. Development of the updated Essex System model

The largest and most important component of the PR09 Essex Resource Zone
deployable output calculation is derived from the model of the Essex System
developed using the Aquator software. The model used to calculate the PR09 Essex
Resource Zone deployable output has been developed from the model used for the
Abberton Scheme environmental assessment work. This model was audited by the
Environment Agency in July 2007 (Atkins, July 2007). Since this audit the model has
been updated to incorporate additional programming and adjusted parameter values
to better represent components of the existing Essex System.
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3.2.1. Changes applied pre-2007 Audit

Since the work carried out for the PR04 Water Resource Plan, several improvements
have been made to the baseline model in Aquator to better represent the realistic
operation of the Essex System. Changes carried out prior to the 2007 audit of the
model are as follows:

1. Replacement of the gauged flow sequence at Denver with a naturalised flow
sequence and associated abstraction and discharge profiles to denaturalised the
flow.

2. Incorporation of reservoir control curves to control the operation of the Ely Ouse
to Essex Transfer Scheme (EOETS).

These changes are described as follows:
Denver Naturalised Flow Record

It was identified by both ESW and the Environment Agency that the development of a
naturalised flow record for Denver would improve the accuracy of the Essex System
model in Aquator and would be necessary to ensure the best available information
was used to carry out the assessments required to support the Abberton Scheme
proposals. A jointly funded project was therefore implemented by the Environment
Agency and ESW to commission the work required to carry out the naturalisation of
the Denver gauged flow record. Environmental consultants Entec UK Limited carried
out this work with the support of a joint steering group consisting of Entec and
representatives from the Environment Agency, ESW and additional input from ESW
consultants with expert knowledge on Denver and hydrological assessments.

The results of the flow naturalisation study were finalised and reported in January
2006 (Entec UK Limited, January 2006). The naturalised flow record was
incorporated into the Aquator model of the Essex System with the associated
abstraction and discharge sequence monthly profiles derived for 1996, in line with the
other abstraction and discharge sequences used in the model. The naturalised flow
sequence was included in the model used for the Abberton Scheme environmental
assessment work, and was therefore part of the model audited by Atkins on behalf of
the Environment Agency in July 2007.

Ely Ouse to Essex Transfer Scheme Reservoir Control Curves

The deployable output calculations carried out for the Essex System for the PR04
Water Resource Plan submission assumed that water supplied from the EOETS was
available whenever it was required i.e. whenever the reservoirs dropped below full
and there was not enough water in the Essex rivers to meet the demand. However,
this is not representative of how the EOETS is operated. In reality the EOETS is only
made available when the Essex Reservoirs have dropped below specified control
curves on the reservoirs (Abberton and Hanningfield). In order to make the model
more representative of reality, visual basic programming was carried out to enable
control curves to be applied to the Essex Reservoirs and used as triggers for making
water available for abstraction from Denver. The control curves used in the baseline
Essex System are representative of the control curves in the EOETS operational
manual used by the Environment Agency to identify when transfers from Denver are
required.

Supply Demand Strategy 12
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The control curves used for the Marginal Yield calculations (see section 6.0) on the
enlarged Abberton Reservoir are those derived using the refill reliability approach as
part of the Abberton Scheme EIA work. These control curves were developed in
liaison with the Environment Agency. Further details on the development of these
control curves are available in the project report (ESW, February 2007)

This change to the model baseline was incorporated into the model of the Essex
System used for the Abberton Scheme environmental assessment and was therefore
part of the model audited by Atkins on behalf of the Environment Agency in July
2007.

3.2.2. Changes applied post-2007 Audit

As part of the preparation for the 2009 Periodic Review some further improvements
have been made to the Essex System model in Aquator in order to better represent
the operation of the Essex System. The changes carried out since the 2007 audit
are as follows:

1. Refinement of the Denver Complex in the Essex System model.

2. Inclusion of a reservoir control curve to control the operation of the Stour
Augmentation Groundwater Scheme (SAGS) boreholes.

3. Adjustment to Langford Recycling Scheme output.
4. Incorporation of updated demand profile
5. Inclusion of process losses at Langford WTW

A table detailing these changes and their effect on the Essex System DO is provided
in Appendix A. A description of each of the changes made is provided below.

Refinement of the Denver Complex in the Essex Syste  m model

The Aquator model of the Essex System used for the PR04 assessment incorporated
the abstraction at Denver in a simplified manner, abstracting the water directly from
the River Ely Ouse and transferring it via a pipeline direct to Kennett pumping station.
In reality the abstraction at Denver is more complicated than this. Work has been
carried out on the Essex System model as part of the assessment for PR09 to try
and better represent the Denver Complex. This has resulted in a few changes to the
Essex System baseline model. These changes include the representation of the Cut
Off Channel (CoC) and the Flood Relief Channel (FRC) at Denver as reservoirs on
the Aquator schematic. In addition, the sluices at the Denver Complex are also now
represented in the model, providing links from the River Ely Ouse to the CoC and the
FRC. These changes have enabled the movement of water around the Denver
Complex to be modelled in a way that better represents reality. The changes to the
Aquator schematic as a result of this work can be seen in figure 1.

Stour Augmentation Groundwater Scheme Reservoir Con trol Curve

In the PRO4 Water Resource Plan the Stour Augmentation Groundwater Scheme
(SAGS) was not included in the baseline deployable output assessment as it was
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considered to be a drought action and therefore outside the definition of the baseline
DO. In response to recommendations made by the Environment Agency and Atkins
in the 2007 audit of the Aquator model, assessments have now been carried out
incorporating the SAGS boreholes into the baseline DO calculation.

Visual basic programming has been used to enable a control curve on Abberton
Reservoir to be linked to the operation of the SAGS boreholes. When reservoir
storage falls below the level of the control curve the SAGS boreholes are switched on
to support the river Stour and the Essex System demand. The control curve used in
the baseline Essex System is representative of that used in reality by the
Environment Agency to determine the operation of the SAGS boreholes. In order to
carry out the marginal yield calculations, it was necessary to derive a SAGS control
curve for the enlarged Abberton Reservoir. This was done by reproducing the same
control curve profile but on an equivalent percentage full basis for the enlarged
reservaoir.

Adjustment to Langford Recycling Scheme output.

In the PR0O4 Essex System model the Langford Recycling Scheme was modelled as
a constant discharge of 30 MI/d into the River Chelmer. This was based on the
output that the scheme was anticipated to be able to achieve, but very little
operational experience was available at the time to confirm the value. Since this
work was carried out, ESW have obtained a number of years of operational
experience. An assessment was carried out to review the operational data available
and a revised output figure of 20Ml/d was determined as more representative of the
yield currently being achieved from the scheme. The details of this assessment are
provided in the paper in Appendix B. The 20Ml/d discharge value has been
incorporated into the Essex System baseline model in Aquator.

Incorporation of updated demand profile

The demand profile used in the PR04 Essex System Model in Aquator was taken
from the information used in the DROP model. However, there was very little
information on how this profile had been derived. In response to recommendations
by the Environment Agency and Atkins in their 2007 audit of the Aquator model, an
assessment was carried out to derive an updated demand profile for the Essex
System, based on the latest available information on demand. The details of the
assessment carried out are available in Appendix C.

Inclusion of process losses at Langford water treat ment works

A change to the Water Resource Planning Guidance for PR0O9 has resulted in the
requirement to account for process losses from water treatment works within the
deployable output calculation. A review of the treatment works processes within the
Essex System identified that only Langford water treatment works has process water
that is completely lost and not recycled for re-abstraction. The losses associated with
the treatment processes at Langford were therefore included directly in the Aquator
model as a parameter, defining losses as a percentage of treated water.
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4.0 ESSEX SYSTEM — DEPLOYABLE OUTPUT CALCULATION FO R
PRO9

4.1. Assumptions

In reviewing the Essex System baseline assumptions, a number of elements were
identified as requiring additional explanation detailing how they have been accounted
for in the modelling assessments carried out. These were as follows:

1. Environment Agency river support boreholes associated with the Great Ouse
Groundwater Scheme (GOGS)

2. Essex & Suffolk Water's Langham boreholes
3. Reservoir emergency and dead storage
4.1.1. Environment Agency River Support Boreholes ( GOGS)

In the Essex Resource Zone the Environment Agency own and operate two groups
of boreholes for the purposes of river support. The first group is knows as GOGS
(Great Ouse Groundwater Scheme), the second group is known as SAGS (Stour
Augmentation Groundwater Scheme). These boreholes utilise groundwater sources
for river augmentation and effectively support transfers via the EOETS into the Essex
supply area during summer low flow periods.

At the Environment Agency’s recommendation, ESW have now included the SAGS
boreholes as a source of water available for use in their baseline deployable output
calculation, subject to the reservoir control curve restrictions on the operation of the
boreholes. There is a clear operational policy and associated trigger level for the use
of these boreholes, enabling representative rules to be applied to the Aquator model
to allow a realistic assessment of their likely use.

The GOGS boreholes however, have not been included in the Essex System
baseline model used for determining the Essex System deployable output (they
appear on the model schematic, but are switched off for the calculation of the Essex
DO). There is significant uncertainty around the yields that can be achieved from
these boreholes, and the Environment Agency have been unable to provide ESW
with any clear operational rules to define the specific circumstances under which the
boreholes would be used, such as control curves. Without some specific operational
rules and yields, ESW did not consider it viable to include the GOGS boreholes in the
deployable output due to the considerable uncertainty associated with this source. In
addition, it is recognised that some of the GOGS borehole sites have been the
subject of Review of Consent investigations and there are potential environmental
effects associated with the operation of the scheme, resulting in further uncertainty
around the source.

Based on the above justification, the GOGS boreholes have been considered only as
an additional source of water available as a drought action to be taken during
conditions of prolonged low flows in the rivers when there is insufficient support from
the EOETS and SAGS. The GOGS boreholes are therefore included as an
additional source of water for the purposes of the Levels of Service assessment as
an action to be taken during drought conditions.
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4.1.2. Essex & Suffolk Water's Langham Boreholes

ESW own and operate a group of boreholes at Langham water treatment works
known as the Langham Boreholes. These boreholes are currently licensed for
emergency use only (licence no. 8/36/158/*G/0092). Emergency use is defined in
the abstraction licence as follows:

1. drought

2. frost

3. the waters of the Stour being in such a condition as seriously to interfere (or
likely to seriously interfere) with purification and treatment by the licence
holder, or

4. other unpreventable cause or accident.

These licence conditions mean that it is not feasible to incorporate the use of the
Langham boreholes into the Essex Resource Zone deployable output model. The
licence is only used under the emergency conditions, and in these circumstances it is
not possible for Langham treatment works to operate at its required output by using
water solely from the River Stour. The modelling for the deployable output
calculation does not take into account water quality issues in the river and assumes
that all water in the river is available for treatment. In reality there may be times
when the river water is replaced by borehole water for reasons defined under the
licence conditions, but this does not create any additional yield as the works is not
increasing its output as a result of the borehole operation. Therefore, if the boreholes
were included in the deployable output calculation it could potentially result in the
double counting of available water and an artificially high yield. In addition, if the
boreholes were included as a raw water source in the deployable output calculation
there would be implications for the level of outage experienced at Langham treatment
works. This would therefore have to be accounted for in the outage assessment for
the Essex System supply demand balance.

The Langham boreholes have been incorporated into the model baseline schematic,
but switched off for the calculation of the Essex System deployable output. The use
of the Langham boreholes is currently in the ESW Drought Plan as a source of water
available under drought conditions. The boreholes are therefore included as an
additional source of water for the purposes of the Levels of Service assessment as
an action to be taken during drought conditions.

4.1.3. Reservoir Emergency Storage

The definition of deployable output for surface water systems provided in the
Environment Agency document Review of Water Company Yields (March 1998)
implies that emergency storage should be allowed for when deriving the deployable
output of a Resource Zone.

However, for the purposes of the Essex System deployable output calculation ESW
determined that it was not appropriate, taking into account the other assumptions
outlined above, to include an allowance for 30-days emergency storage using the
method suggested. The reasoning for this remains the same as it did for the PR04
deployable output assessment, and is summarised below;

1. The reservoirs in the Essex Resource Zone are pumped storage reservoirs that,
unlike impounding reservoirs, receive water sourced from several rivers, some of
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which are supported via the EOETS. It has been suggested that the use of
emergency storage applies more to impounding reservoirs than pumped storage
reservoirs and if used on the Essex Reservoirs will significantly reduce the yield
to account for an unrealistic risk (see point 2).

2. Incorporation of a 30-day emergency storage level in the reservoir would reduce
the Essex System DO by 1/5 (or 20%). This is based on the fact that the 1934
drought (the design drought) is four months in duration, from July to early
November. Including an allowance for 30-day’'s emergency storage would
effectively extend the drought by one month, resulting in the DO having to last
five months instead of four. The 1934 drought is approximately a one in one-
hundred-year event, so incorporating an arbitrary safety measure such as a 30-
day emergency storage to extend the security of supply for the Essex System
with limited demand restrictions does not seem justified, particularly when
additional sources of supply are available through drought actions such as the
use of the GOGS boreholes and the Langham boreholes. The exclusion of a 30-
day emergency storage allowance therefore prevents this becoming the main
driver for further water resource development.

3. Work carried out and reported in October 2000 on the revised reservoir control
rules was developed using an in-depth analytical approach based on a
combination of ESW former network model (called DROP) and a yield
assessment approach using a probability matrix. It allowed for a 30-day
emergency storage based on the baseline deployable output of the Essex
Resource Zone, even though the deployable output itself was defined without
reference to emergency storage. This work illustrated that there is negligible risk
associated with the deployable output of the Essex Resource Zone being
calculated without the incorporation of emergency storage. In the analysis
carried out there was little risk of the reservoirs drawing down below the
estimated 30-day emergency storage level during historic yield simulations
incorporating the drought actions that would be implemented under such
circumstances (i.e. use of GOGS & Langham boreholes, demand restrictions and
non-essential use bans etc.)

4. The work carried out to assess ESW’s compliance with the levels of service
illustrated the yield that can be achieved in the worst historic drought when the
reservoirs are draw down to the 30-day emergency storage level (based on 30-
days demand at deployable output) and all the drought actions have been
implemented according to the levels of service control curves. The approach to
confirming levels of service therefore effectively overrides the need to include
emergency storage in the deployable output calculation (details of the levels of
service work are provided in Section 5.0 of this report).

4.1.4. Reservoir Dead Storage

Dead storage is based on the water that is unable to be used towards the bottom of a
reservoir. This can be either because it is unable to be abstracted from the reservoir
due to the water level being below the lowest draw-off point in the reservoir, or
because it is of unsuitable water quality.

At Abberton Reservoir dead storage has been determined as 10%. This represents
the minimum operational draw-off level plus an allowance for uncertainty due to
siltation and water quality. A graphical representation of this is provided over-leaf.

Supply Demand Strategy 17



PR09 — Essex System Water Resource Modelling — March 2009

Abberton Reservoir water level at 10% storage volum e

Abberton Reservoir water level at 5% storage volume

This illustrates that the water levels at 10% storage are very low and that at 5%
storage it would not be possible to abstract water from the reservoir due to the water
depth being estimated to be only between 1 and 2 metres.
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At Hanningfield reservoir dead storage is also deemed to be 10%. This is based on
operational requirements linked to water quality and the locations on the reservoir
where water can be abstracted. The lowest draw off point at the Outlet Tower is at
49m AOD. This equates to 9073MI or 34.79% reservoir storage. Below this level,
water would only be able to be abstracted from the Valve Tower. For 50% of the
year there would be a risk that water quality at the Valve Tower would reduce the
water available for abstraction and without an alternative abstraction point it would
not be possible to continue supply from the reservoir. Based on the known
drawdown and refill pattern of Hanningfield Reservoir, it is likely that a low storage
scenario would be at its worst in October to November time, immediately before the
start of the refill season. Therefore there is a chance that water could become un-
usable during these months. Based on the increased risk associated with only
having one abstraction point, dead storage can be estimated at approximately 10%
of total reservoir storage as an equivalent volume that may become un-usable below
the 34.79% value.

The assumption used in ESW'’s water resources system model (Aquator) is therefore
that there is 10% dead storage in both Abberton and Hanningfield reservoirs. ESW
considers that the 10% assumption is a reasonable estimate and indeed it is highly
debatable whether meaningful abstraction could be achieved if the reservoirs did
drop to that level. When considered in the context of 30-day emergency storage,
dead storage is added to the volume represented by the 30-day emergency storage
because it is not able to be abstracted from the reservoir and therefore can not be
considered as available for supply.

4.2. Essex System Deployable Output Calculation for PRO9

Guidance has been provided by the Environment Agency (Environment Agency,
2008) relating to the assessment of the effects of climate change on baseline
deployable output. The methodology presented enables the likely effects of climate
change on the deployable output of a resource zone to be accounted for across the
planning horizon and also provides guidance on how to account for the uncertainty
associated with climate change within the headroom assessment.

The recommended methodology requires several scenarios to be assessed to derive
a baseline deployable output value for the Essex System and the associated climate
change effects. The scenarios assessed are listed below with a short explanation of
their assumptions.

1. Baseline (with SAGS) — The Essex System with the SAGS boreholes available
subject to the operational control curve. The naturalised flow record in the
Aquator model has no factors applied to it, therefore providing a deployable
output value based on historic flow records only with no effect of climate change.

2. Baseline Climate Change Mid (with SAGS) — The Essex System with the SAGS
boreholes available subject to the operational control curve. The naturalised flow
record has had the Mid climate change scenario monthly flow factors for 2025
applied to it using the climate change sequence profile function in Aquator.

3. Baseline Climate Change Wet (with SAGS) — As above, but the Wet climate
change scenario monthly flow factors for 2025 have been applied to the
naturalised flow record.

Supply Demand Strategy 19



PR09 — Essex System Water Resource Modelling — March 2009

4. Baseline Climate Change Dry (with SAGS) — As the Mid scenario but the Dry
climate change scenario monthly flow factors for 2025 have been applied to the
naturalised flow record.

ESW have presented the baseline scenario in order to provide clarity on the effect
the climate change factors have on the baseline deployable output. The scenarios
were set up in the model named PR0O9 — Baseline 5/12/2007. The results of the
scenarios assessed are presented in table 1 below.

Table 1: Essex System Deployable Output Calculatio  ns for AMP5

Scenario Year Deployable output
(Ml/d)
Baseline (with SAGS) 2007 — 2035 298
Baseline Climate Change Mid (with SAGS) 2025 290
Baseline Climate Change Wet (with SAGS) 2025 321
Baseline Climate Change Dry (with SAGS) 2025 259

The deployable output values for the climate change scenarios are the anticipated
values for 2025. In order to incorporate this information into the whole planning
horizon it is necessary to interpolate between 2007 and 2040 for the scenarios where
climate change factors have been applied. This was carried out in accordance with
the Environment Agency’s guidance (Environment Agency, 2008). The results of this
interpolation exercise are presented in Appendix D.
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5.0 COMPLIANCE WITH LEVELS OF SERVICE

Essex & Suffolk Water have proposed to comply with the following Levels of Service
under PRO9;

Appeal for restraint 1in 10 years
Hose-pipe ban 1in 20 years
Restrictions on non-essential use 1in 50 years
Rota Cuts Never

An assessment was carried out to determine compliance with these levels of service
and the yield that can be achieved when the Essex System is operated to meet these
levels of service.

5.1. Methodology

The model used for determining the Essex System deployable outputs (PR09 —
Baseline 5/12/2007) was copied and renamed Levels of Service (using PR0O9 —
Baseline 5/12/2007).

The Levels of Service indicated above are represented by the implementation of
specific actions and an associated increase in supply or decrease in demand caused
by each action, as outlined below:

PROQO9 Baseline 5/12/2007 - Climate Change Mid deployable output 290Ml/d

Frequency of Level of Action Estimated demand Estimated supply
Service reduction increase
1in5 years Langham emergency +22.7Mi/d
boreholes brought online
1in 10 years Appeal for constraint (PR | -7% (May to October)
campaign)
1in 20 years Hose pipe ban -3% (May to October

accumulative with
previous action)

1in 50 years Non-essential use ban -2% (May to October
accumulative with
previous actions)

Denver drought order +8Ml/d
GOGS river support +28.73 Ml/d (July
boreholes to October only)

The methodology used to assess ESW compliance with Levels of Service was based
on a probabilistic approach, using the historic annual series of daily naturalised river
flow data available in Aquator (1933-1996), to create a set of reservoir control curves
that reflect each of the levels of service.
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The baseline control curve was developed by carrying out a model run for each year
of record (May to April, 1933/34 to 1995/96) using the baseline parameter set and the
Essex System deployable output demand figure (290Ml/d). The combined daily
reservoir volumes for each year of record were exported into an Excel spreadsheet
and used to calculate the 1 in 5 year probability (80 percentile) control curve, below
which the use of the ESW Langham emergency boreholes should be implemented.

The 1 in 10 year control curve was developed by re-running the model for the parts of
those years when the combined daily reservoir volumes dropped below the 1 in 5
year control curve. The ‘state set capture’ function in Aquator was used to capture
the model component states on the day the reservoir volumes drop below the 1 in 5
year control curve. The model was then run for the remainder of the year from this
date with the Langham boreholes switched on, using the model component states
captured as the starting conditions, thus simulating the action that would have been
carried out when the first (1 in 5 year) control curve was crossed. The resulting
combined daily reservoir volumes for each year of record were recorded in the Excel
spreadsheet and used to calculate the 1 on 10 year probability (90 percentile) control
curve, below which the appeal for constraint (PR campaign) action should be
implemented.

This method was repeated to develop the 1 in 20 year control curve and the 1 in 50
year control curve.

The actions implemented for the 1 in 20 year control curve initially resulted in the
curve crossing above the 1 in 10 year control curve for 25 days from October through
to November. A correction assumption was therefore applied to this part of the
control curve to ensure that the curves cannot cross. If the difference between the 1
in 10 year control curve and the 1 in 20 year control curve was less than 1000MI
during the 25 day period identified, then the 1 in 20 year control curve was adjusted
to ensure it was 1000MI below the 1 in 10 year control curve.

The control curves derived from this methodology do not account for the need to
have a maximum control curve level on the reservoirs, above which normal operation
is always assumed. The control curves derived were therefore adjusted to reflect the
maximum fill volume used by the Environment Agency for the Ely Ouse to Essex
Transfer Scheme control curves. This maximum fill volume ensures there is
adequate storage availability above the control curves to enable water to be put in
storage as a result of sudden storm events.

Once the Levels of Service control curves had been derived using the methodology
outlined above, Aquator model runs were carried out to calculate the maximum
demand that could be met by the Essex System when operated to the proposed
levels of service. Calculations were carried out for two scenarios;

1. accounting for a 30-day emergency storage allowance at the Essex System
deployable output value of 290Ml/d remaining in the reservoirs, and

2. drawing the reservoirs down to the 10% dead storage volume.

The results of the control curve assessment and the demand assessment are
presented below.
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5.2. Results

The results of the Levels of Service assessment are presented in figures 2 & 3. A set
of control curves for each of the levels of service drought actions assessed is
presented in the figure 2. In figure 3 the reservoir drawdown and refill sequences
resulting from the assessment of the maximum demand achievable under the two
scenarios are presented.

The results show that an average demand of 298Ml/d (the baseline deployable
output demand) can be met when the Essex System is operated to its defined levels
of service, and the reservoirs are drawn down to a 30-day emergency storage level.
When the reservoirs are drawn down to the 10% dead storage level, and operated to
the same levels of service, an average demand of 350Ml/d can be met throughout
the design drought years.

This assessment demonstrates that, based on the historic river flow record available
for the Essex Rivers, ESW comply with their proposed levels of service. The
demand assessment illustrates the demand that could be met during the worst
historic drought on record, when all the drought actions would have been
implemented.

The Excel spreadsheet containing the output from the Aquator model used for this
assessment, consisting of combined daily reservoir volume results for each year of
record for each control curve, is too large to include in this report. However, a copy
of the spreadsheet can be provided on request.
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6.0 MARGINAL YIELD CALCULATIONS

The Water Resource Management Plan (WRMP) is developed around a 25-year
planning horizon. The Plan requires estimates to be made as to the additional yield
that will be gained within a resource zone as a result of implementing proposed
schemes during the planning period. The additional yield provided by each scheme
to the system deployable output is known as the marginal yield of the scheme. This
marginal yield is incorporated into the system deployable output figure at the point
when the scheme is due to be implemented on the Supply Demand Balance graph.

The calculation of the additional yield provided by the proposed schemes has been
carried out using the Aquator model. The following sections outline the water
resource scheme elements modelled, the methodology used (including that used to
account for climate change) and the results of this work.

6.1. Water Resource Scheme Elements Considered

The Abberton Scheme is a major water resource scheme required to meet demand
in the Essex resource zone in the medium to long term. The Scheme centres around
the enlarging of Abberton Reservoir and has three components;

1. The Denver Licence Variation; obtaining additional water from the existing
abstraction at Denver through a variation to the 18-month licence volume,
increasing it from 79,995 MI to 100,000 MI, and a change to the monthly hands-
off-flow conditions as detailed below:

Month JJF M A [MJJ |J |A s O [N |D
Pre-Variation 318 | 318 | 114 | 114 | 114 | 114 | 114 | 114 | 318 | 318 | 318 | 318
(Ml/d)
Post-Variation 318 | 318 | 318 | 318 | 114 | 114 | 114 | 114 | 318 | 114 | 114 | 114
(MI/d)

2. Transfer Scheme Enhancement; providing the means to transfer the additional
water from Denver to Abberton Reservoir by enhancing the existing EOETS and
Essex system. This involves the installation of a pipeline from Kirtling Green to
Wixoe to bypass the upper River Stour and a pipeline from Wormingford to
Abberton through which to transfer additional quantities of water to the Reservoir;
and

3. Enlarging Abberton Reservoir; raising the top water level of Abberton Reservoir
by 3.2m to increase the current storage capacity by around 60%.

6.2. Methodology

The model used for determining the baseline deployable outputs (PR0O9 — Baseline
5/12/2007) was copied and re-named ‘Marginal Yield Assessment (using PR09 —
Baseline 5/12/2007)’. The infrastructure for all the proposed water resource
schemes in Essex had been previously added to the baseline model schematic, but
had been disabled in the baseline deployable output calculations. The scenario
function in Aquator was used to create the different scenario options reflecting the
possible combinations of schemes and climate change scenarios that could be
implemented.
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The model was then run using the historic yield calculation (known as the English &
Welsh Method) for the critical drought period of record from 1933 through to 1934 for
each scenario created. The difference between the historic yield figure provided and
the associated baseline historic yield figure, gives the marginal yield of the scheme
under consideration.

Climate change scenarios were included in the marginal yield assessment in order to
determine the likely affect of climate change on the schemes under assessment.
Climate change was assessed using the same methodology as applied to the Essex
System deployable output calculation (Environment Agency, 2008).

The marginal yield results for each scenario assessed are presented in table 2 on the
following page. The model runs carried out to generate these results were saved for
audit purposes.

A summary documenting the differences between each scenario modelled is
presented in Appendix E.
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Table 2: Essex System Marginal Yield Results

Climate Change Mid 2025

Scenario
DO' (Ml/d) | MY? (Ml/d)

Baseline (with SAGS) 290
Denver Licence Variation Only
(with SAGS) 298 8
Full Abberton Scheme 354 64
Abberton Raising &
Wormingford to Abberton 331 41
pipeline only

DO = Deployable Output
MY = Marginal Yield
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7.0 SUSTAINABILITY REDUCTIONS
7.1. River Stour

An assessment was carried out to define the potential effect of a sustainability
reduction on the River Stour to ensure a minimum of 5Ml/d is released to the Stour
Estuary. In order to ensure that the minimum flow is achieved whenever possible,
ESW have assessed the effects of this sustainability reduction on the Essex System
yield by the application of a hands off flow (HOF) condition of 5MI/d on their
abstraction at Cattawade.

The Aquator model was used to define the likely effect on the Essex System vyield of
incorporating a 5Ml/d hands off flow (HOF) at the Cattawade intake.

A 5 MI/d HOF volume was applied to the Cattawade intake in Aquator as a constant
requirement if abstraction is taking place. Deployable output calculations were run in
Aquator using the English & Welsh Method for river flow scenarios reflecting the
effects of Mid, Wet and Dry climate change conditions. All of these model
assessments indicated that there would be a reduction in the Essex System
deployable output of 4Ml/d as a result of the River Stour sustainability reduction.

7.2. River Blackwater

The Agency has recommended that there should be a 23.7Ml/d (measured on a 7-
day rolling average) combined flow of river water and fully treated sewage effluent
entering the Blackwater Estuary downstream of Beeleigh Weir. The volumes of
treated effluent discharged into the Blackwater Estuary are variable depending on the
season, weather conditions, and whether ESW'’s effluent recycling plant is operating
at Langford.

The Agency assumed that these proposals would not affect the deployable output of
the Essex system. ESW challenged this assumption through technical analysis and
was able to demonstrate that there would be a resulting loss of deployable output.

A modelling exercise was carried out using the model of the Essex system in Aquator
to assess the implications of the Environment Agency’s proposals on the deployable
output of the Essex system in the design drought (1933-34).

The modelling assessment took account of the likely effluent discharge to the estuary
during a dry period, including the operation of the Langford recycling plant, and used
this information to assess the effects of maintaining a 23.7Ml/d flow to estuary. The
assessment showed that during periods of significantly low flows, the requirement to
release 23.7Ml/d to the Blackwater estuary is likely to result in a loss of yield to the
Essex system of 4Ml/d. This result is based on the assumption that during a drought,
the discharge of treated effluent to the estuary would be low and in order to maintain
the 23.7Ml/d combined flow to estuary, river water will be required to support the
effluent flow. The details of the assessment carried out are provided in the paper in
Appendix F.
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8.0 SUMMARY & CONCLUSIONS

This report has documented the development of the updated Essex System model in
Aquator, used for the PR09 water resource planning assessments. A summary has
been provided of the changes made to the Aquator model prior to the model audit
carried out by Atkins on behalf of the Environment Agency in July 2007. Details have
also been provided on the changes made to the model since the audit, many of
which were in response to suggestions and comments reported as part of the audit
process.

The updated Aquator model has been used to calculate a revised Essex System
deployable output figure for incorporation into the PR09 supply demand balance.
Using the Mid climate change scenario, as recommended in the Environment
Agency’s guidance document (Environment Agency, 2008), a deployable output
figure for the Essex System of 290MI/d for 2025 has been calculated. This figure has
been interpolated between 2007 and 2040 to enable it to be incorporated across the
whole planning horizon.

The baseline model used for the deployable output assessment has been developed
to enable the calculation of marginal yields for the proposed schemes in the Essex
System over the next 25 years. An assessment has also been carried out to
determine compliance with ESW’s proposed levels of service and the yield that can
be achieved when the Essex System is operated to meet these levels of service.
This illustrated that ESW comply with their proposed levels of service.

An assessment was carried out using Aquator to determine the effect a potential
sustainability reduction on the River Stour (to ensure a minimum flow of 5Ml/d is
released to the Stour Estuary) may have on the Essex System deployable output.
The assessment indicated that a sustainability reduction of this volume would result
in a 4Ml/d reduction to the Essex System DO.

Another assessment was carried out also using Aquator, to determine the effect a
potential sustainability reduction on the River Blackwater (to ensure a minimum flow
of 23.7Ml/d is released to the Blackwater Estuary) may have on the Essex System
deployable output. The assessment indicated that a sustainability reduction of this
volume would result in a 4Ml/d reduction to the Essex System DO.
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Figure 1: Aquator Schematic (‘PR09 — Baseline 5/12/2007")

Supply Demand Strategy

36



PRO9 — Essex System Water Resource Modelling — March 2009

ontrol Curves

Figure 2: Essex & Suffolk Water Levels of Service C
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ontrol Curves:

Figure 3: Essex & Suffolk Water Levels of Service C
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om “Baseline 18/10/07” to “PR09 — Baseline”

This log sheet records changes made in the move fr

Aquator Model ID Parameter Effect on DO (Ml/d)
18/10/07 Baseline Baseline . Pre-
Daily Max value was incorrectly being replaced in custom
VBA by Daily Max of Denver Intake (AB12). Value reset to that
of licence (363). No change to model behaviour since Wixoe
Wixoe Intake AB2 AB2 Abstraction Daily Max 454.6 363 292 292 0 PS is limiting. Custom VBA variable changed
fromP_DenverAbstractionCapacity (“Baseline 18/10/07”) to
P_WixoeAbstractionCapacity (“PR09 — Baseline”) in routine
Abstraction_AfterTerminateDay
Maximum . . . . .
Check Downstream flow 1 2 292 292 0 mlc?(ljjgl to introduction of SSM Gauging Station (GS3) into
constraints
Increase in DO due to substantial improvement in reservoir
Stratford St Mary o balancing. Sensﬂmty analysis around this and the
AB4 AB4 Prediction Parameter corresponding parameter for the Blackwater Intake (AB7)
Intake Last Demand 292 294 2 303 : /
Upstream Releases Method Value appear to be the key pa}rameters |n.the modgl for balancing
Abberton and Hanningfield reservoirs. Considered
independently of AB7 leads to reduction in DO of 1MI/d.
Prediction 0 60 292 292 0 Not used since Prediction method is Last Demand
Amount
Aquator Cz)/nliAonent FALSE TRUE 292 292 0 Used in Hanningfield backpuming code
Blackwater Intake AB7 AB7 Pre%'ct'on
Upstream Releases et 0 120 292 294 2 303 See comments for AB4
Amount
Langford Mill Intake AB8 AB8 Abstraction (VIDBrBrltlse not present FALSE 292 292 0 Not used in VBA - for compatibility with Tariff Gp model
Chelmer Intake AB9 AB9 Aquator VBA FALSE TRUE 292 292 0 Used in Hanningfield backpuming code
Component
Maximum . . .
Langham Intake AB10 AB10 Check Downstream flow 3 10 292 292 0 (SR;e'\;IqlérSe)d to account for the introduction of Component GS3
constraints
Wormingford Intake AB11 AQTConstraints .Dally present deleted 292 292 0 Setto Zero and disabled in "Baseline 18/10/07". Licence
Licence does not exist
Stour Group
Licence.Stour Group 5 AG4_RO1 AG4_RO1 Options Enabled FALSE TRUE 292 292 0 Not constraining in 34-35 so no effect on DO
year Rolling Licence
Lan_gfor_d to BD2 present deleted 292 292 0 Deleted as part of rearrangement of Hanningfield
Hanningfield BiDi 2 backpumping setup.
Cost CostperMl |54 0 292 292 0
Langford to - forward
Hanningfield BiDi 1 BD3 BD1 Cost per Ml
Cost 100 0 292 292 0
- reverse
Downham Mkt STW BS2 not present added 292 292 0
Langford to _—
Hanningfield BiDi 2 CB3 present deleted 292 292 0 Deleted as part of rearrangement of Hanningfield
. backpumping setup
combiner
Langford to _—
Hanningfield BiDi 1 CB4 present deleted 292 292 0 Deleted as part of rearrangement of Hanningfield
. backpumping setup
combiner
Hanningfield cBS CcB4 292 292 0
backpumping join
Langford Intakes to CB6 CcB3 292 292 0
Hanningfield join
Tail Sluice CF9 not present added 292 292 0
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Component Name . Independent Comblned Comments

Baseline PRO0O9 —

18/10/07 EEENE Baseline Pre-

Ely Ouse - Tail Sluice CF10 not present added
Confluence
PPKL discharge CF11 not present added 292 292 0
Outflow
Catchment scaling applied in conjuction with Cut-off Channel
catchment. Note that pre-change DO relates to improvement
Ely Ouse Catchment CMm1 CM14 Flow Scaling 1 0.943 299 301 2 303 in DO due to introduction of Cut-off Channel (see RV6, below),
since this change cannot be implemented without RV6 in
place.
Cut-off channel catchment added in combination with scaling
factor for Ely Ouse flows. Note that pre-change DO relates to
Flow Scaling 0.057 improvement in DO due to introduction of Cut-off Channel (see
cut off Ch | RV6, below), since this change cannot be implemented
uto anne CM15 not present 299 301 2 303 without RV6 in place.
Catchment
Ely Ouse at “Cut off Channel Resources and Demands” by DS Heslam,
Flow Flow Denver Planning Dept, Water Resources Section, NRA, (May1986)
(Naturalised flow identifies Cut off Channel natural inflows from catchment as
- Catchmod) 0.057 of Ely Ouse flows.
LyF:]?]lm Paper Kings DC2 not present added 292 292 0
FRC 3_rd Party DC3 not present added 292 292 0
Abstractions
Denver Sluice DV1 not present added 292 292 0
Resujual Flow Sluice DVv2 not present added 292 292 0
Diversion
Langford Cut Weir GS2 GS2 Aquator Cgrisonent FALSE TRUE 292 292 0 Used in Hanningfield backpuming code
Stratford St Mary GS GS3 not present added 292 292 0 Maintained Flow regulation
Residual Flow Sluice GS4 not present added 292 292 0
SAGS 15 & 16 GW2 GW2 Aquator VBA FALSE TRUE 292 292 0
Component
SAGS15& 16 - GW2 GW2 Licence Amount Left | 1583 4380 292 292 0 GW2 not enabled, so no effect on DO
Annual Licence
SAGS1-5 GW3 GW3 Aquator VBA FALSE TRUE 292 292 0
Component
LifeAncc;:g 1-5-Annual GwW3 GW3 Licence Amount Left | 4866 19710 292 292 0 GWS3 not enabled, so no effect on DO
SAGS 12 Gw38 Gw38 Aquator VBA FALSE TRUE 292 292 0
Component
Lifﬁﬂ%‘: 12— Annual GWs GWs Licence Amount Left | 1575 4380 292 292 0 GWS not enabled, so no effect on DO
SAGS 6 GWo GWo Aquator VBA FALSE TRUE 292 292 0
Component
SAGS 11 GW10 GW10 Aquator VBA FALSE TRUE 292 292 0
Component
Lifﬁﬂ%ﬁ 11— Annual GW10 GW10 Licence Amount Left | 1575 4380 292 292 0 GW10 not enabled, so no effect on DO
SAGS7&8 GW11 GW11 Aquator VBA FALSE TRUE 292 292 0
Component
H4b - H3 join INT present deleted 292 292 0 se?:g)eted as part of rearrangement of Langham backpumping
Joing IN9 IN9 292 292 0 B;\lsa:eniwreg‘as GOGWS/Cut-Off Channel Join” in “PR09 -
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18/10/07 EEENE Baseline . Pre-
292 292 0

Joinl0 JN10 JN10 Named as "SAGS 1-5/12 Join" in "PR09 — Baseline"
Join11 JN11 JN11 292 292 0 Named as "SAGS 6/11 Join" in "PR09 — Baseline"
not present added
Flow Constraint Type FII(\)/IVsztamed
Stratford St Mary GS GS3 - 292 292 0
Flow Constraint Value 31.8
Flow Constraint Saf_ety 0.001
Margin
H5A H6A (H5 H6
forward flow) Ardleigh P . . .
I Modification as part of introduction of Ardleigh PS for
Breaktar]k to Apberton LK15 LK15 Limits Max flow 999 150 292 292 0 compantibility with Tariff Gp model
Reservoir Gravity
Pipeline
Abberton to Layer PS
to Layer WTW LK43 LK92 292 292 0
o VBA Identified as Component LK93 in "PRQ9 - Baseline"
BHa|1(nn|ngf!eId #2 PS LK50 LK93 Aquator Component FALSE TRUE 292 292 0 Used in Hanningfield backpuming code
ackpumping
Limits Max flow 999 45 292 292 0 Physical limit on Hanningfield backpumping capacity
Hanningfield #2 LK54 LK94 292 292 0
Output
H7 H6 H5 Ab PS LK55 LK90 292 292 0
reverse flow
Hab H4 Ab PS reverse LK57 LK91 Aquator VBA FALSE TRUE 292 292 0 Used in Langham backpuming code
flow Component
irtli Cost Fixed cost 0 100 292 292 0 Component disabled
I_(lrtllng_ Green to LK61 LK61 i p
Wixoe pipeline Limits Max flow 999 80 292 292 0
Denver Intake to LK64 LK64 292 292 0 Named as "Cut-Off Channel 3" in "PRO9 - Baseline"
Kennett PS pipeline 2
PSOGWS to Kennett LK65 LK65 292 292 0 Named as "GOGWS 1 Pipeline" in "PR09 — Baseline".
H4A into Ardleigh LK68 LK87 292 292 0
H4 part a SSM PS to LK70 present deleted 292 292 0 Deleted as part of rearrangement of Langham backpumping
Langham (LK70) setup
Langford to _—
Hanningfield upstream 2 LK71 present deleted 292 292 0 Deleted as part of rearrangement of Hanningfield
pipe backpumping setup
Langford to _—
Hanningfield LK72 present deleted 292 292 0 Deleted as part of rearrangement of Hanningfield
. backpumping setup
downstream 1 pipe
Langford to _—
Hanningfield LK73 present deleted 292 292 0 Deleted as part of rearrangement of Hanningfield
. backpumping setup
downstream 2 pipe
Link76 LK76 LK76 292 292 0 Named as "Cut-Off Channel 2" in "PR09 — Baseline"
Link77 LK77 LK77 292 292 0 Named as "GOGWS 2 Pipeline" in "PR09 — Baseline"
Link78 LK78 LK78 292 292 0 Named as "SAGS 12 Pipeline” in "PR09 — Baseline"
Link79 LK79 LK79 292 292 0 Named as "SAGS 1-5/12 Pipeline” in "PR09 — Baseline"
Link80 LK80 LK80 292 292 0 Named as "SAGS 11 Pipeline” in "PR09 — Baseline"
Link81 LK81 LK81 292 292 0 Named as "SAGS 6/11 Pipeline” in "PR09 — Baseline"
Link82 LK82 LK82 292 292 0 Named as "SAGS 6 Pipeline” in "PR09 — Baseline"
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18/10/07 EEENE Baseline . Pre-
292 292 0

Link83 LK83 LK83 Named as "SAGS 7-8 Pipeline” in "PR09 — Baseline"
Link84 LK84 LK84 292 292 0 Named"as Ball Lane Borehole Pipeline” in "PR09 —
Baseline
piggﬁlggr intake LK85 not present added 292 292 0 Required for compatibility with Tariff Gp model
pis(le&lliﬂ(ewgter Intake LK86 not present added 292 292 0 Required for compatibility with Tariff Gp model
SSM/Cattawade to Added as part of network for introduction of Ardleigh PS
Ardleigh PS LK88 not present added 292 292 0 (Tariff Gp model)

Ardleigh PS to Added as part of network for introduction of Ardleigh PS

Abberton LK89 not present added 292 292 0 (Tariff Gp model)
Desal to Demand Pipe LK85 LK95 292 292 0
Stratford St Mary PS PU4 PU17 292 292 0
Langford PS PU7 PU7 Aquator VBA FALSE TRUE 292 292 0 Used in Hanningfield backpuming code
Component
Langford Mill PS PU9 PU22 292 292 0
. . 7MI/d (May- Custom VBA controlled — as per conversation with Peter
Kennett PS PU15 PU15 Limits Min flow 0 October) 292 292 0 Willett of EA on 27 November 2007
. - . 4MI/d (May- Custom VBA controlled — as per conversation with Peter
Wixoe PS PU16 PU16 Limits Min flow 0 October) 292 292 0 Willett of EA on 27 November 2007
Langham Low Lift PS PU17 PU4 Cost Fixed cost -20 0 292 292 0
Langford to PU1S present deleted 292 292 0 Deleted as part of rearrangement of Hanningfield
Hanningfield PS 1 backpumping setup
Lan_gfor_d to PU19 present deleted 292 292 0 Deleted as part of rearrangement of Hanningfield
Hanningfield PS 2 backpumping setup
PSBIackwater Dummy PU19 not present added 292 292 0 Required for compatibility with Tariff Gp model
Wormingford PS PU20 not present added 292 292 0 Required for compatibility with Tariff Gp model (disabled)
Chelmer Dummy PS PU21 not present added 292 292 0 Required for compatibility with Tariff Gp model

Modification as part of introduction of Ardleigh PS for
not present added compantibility with Tariff Gp model. Note that this involves a
reconfiguring of the pipe network and backpumping route.

Ardleigh Pumping

; PU23 292 292 0
Station Ardleigh is not modelled correctly here since it is only used
Cost Fixed cost n/a 100 when flow through gravity pipeline gxceeds 150Mi/d, in whlch
case, all flow passes through Ardleigh PS. As a compromise, a
cost of £100 has been added to Ardleigh PS to deter its use.
Demand naEu)J(faelszolvsv TRUE FALSE
Wixoe Outfall RL5 RL5 ExCEss is 292 292 0 Component disabled
Release XCess | TRUE FALSE
natural flow
ver Stour Channel RR8 292 292 0 Deleted
Reach45 RR45 RR45 292 292 0 Named as "River Stour Channel 8b" in "PR09 — Baseline"
Reach46 RR46 RR46 292 292 0 Named as "River Stour Channel 12b" in "PR09 — Baseline"
Langham Lagoon Spill RR47 not present added 292 292 0 Added as part of RV3
Langford Lagoon Spill RR48 not present added 292 292 0 Added as part of RV4
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Aquator Model ID Parameter Effect on DO (MI/d)
Component Name Baseline PRO9 — Group Independent Comblned Comments
18/10/07 Baseline Baseline Pre-
Component Oﬁj(l\iance Change due to introduction of Langham Lagoon as RV3
Abberton Reservoir RV1 RV1 Component O%zrpand 3 7 292 292 0 Change due to introduction of Langham Lagoon as RV3
lPIgConnector not present added 292 292 0 Due to introduction of Ardleigh PS (PU23) into model
Component Advance 2 3 292 292 0 Change due to introduction of Langford Lagoon as RV4
- . Order
Hanningfield Reservoir RV2 RV2 Demand
Component Order 2 8 292 292 0 Change due to introduction of Langford Lagoon as RV4
not present added Added to model Langham backpumping
Advance
2
Component order
Demand
5
order
Langham Lagoon RV3 Shape Level Area 300 292 292 0
Storage
Reservoir Langham
Control curve Storage Backpumping
9 Control Curve
' Reservoir Abberton
Control curve —fill
storage control curves
not present added Added to model Hanningfield backpumping
Advance
2
Component order
Demand
4
order
Level Area
Langford Lagoon RV4 Shape Storage 300 292 292 0 Full volume (MI)
Reservoir Langford
Control curve Storage Backpumping
9 Control Curve
Control curve — fill Reservoir Hanningfield
storage control curves
Flood Relief Channel RV5 not present added 292 292
Cut Off Channel RV6 not present added 292 299 7 303
Advance
4
Component order
Demand
9
order
Abs.
emergency 1676
level (MI)
Rel.
emergency 81.4
level (%)
Storage Abs. dead
water level 1161
(M)
Rel. dead
water level 56.4
(%)
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Aquator Model ID Parameter Effect on DO (MI/d)
18/10/07 Baseline Baseline Pre-
Level Area Full Vol (MI), Level=100.0mSLD, Area=0.74km2. Impounding
Shape Storage 2058 (100%) Sluice Level (Ref Table 1.B, 'Cut-Off Channel Resources and
9 Demands', DS Heslam, March 1985 (Rev May 1986)
Level Area o Min Vol (Ml), Level=99.50mSLD, Area=0.74km2 (Ref email
Shape Storage 1676 (81.4%) R Maxey to RPC Brown, 12/11/07)
Reservoir Cut Off
Control curve —fill Storage Channel Max Equivalent to 1824Ml (76.7%)
9 Fill=99.695mSLD
. . Abberton
Evaporation Evaporation ;
evaporation
Hanningfield #2 to SP2 SP9 292 292 0
Langford split
H4 - H3 splitter SP5 SP5 present deleted 292 292 0 Sel?lil)eted as part of rearrangement of Langham backpumping
Langford Lagoon SR2 present deleted 292 292 0 Replaced by Langford Lagoon (RV4)
Abberton PS to
Ardleigh Split SP3 SP8 292 292 0
Langham Lagoon SR3 present deleted 292 292 0 Replaced by Langford Lagoon (RV3)
. Additional Out Connector in "PR09 - Baseline" for new
Ardleigh Breaktank SR4 SR4 292 292 0 Ardleigh PS (PU23)
Lan.gha{m Lagoon T™M7 not present added 292 292 0 Added as part of RV3
Termination
Lan.gfor.d Lagoon T™M8 not present added 292 292 0 Added as part of RV4
Termination
Hanningfield WTW WWwW5 WWwW5 Limits flothnlmum 60 920 292 292 0 Gives very slight improvement in reservoir stocks

Changes made from "PRQ9 - Baseline" to "PR09 - Base line 5/12/2007"

Effect on DO (MI/d)

Component Name . Independent Comblned Comments
Baseline PRO9 — Grou
18/10/07 Baseline P Baseline PRO9 — Baseline Pre-
18/10/07 change
Permanen.t Recycling DG1 DG1 Sequence.Flow Flow Recycling Recycling 293 -10 Rewsgd recycling scheme profile based on operational
Scheme discharge Scheme Scheme PR09 experience
Peak . '

ESW Demand Centre DC1 DC1 Sequence.Demand Factors Demand Demand Peak Deamnd 303 303 0 Rews_ed demand centre profile based on recent peak demand
Factor Profile Profile PR09 experiences

Langford WTW Ww4 Ww4 Losses Percent loss 0 7.20% 303 298 -5 289 Process losses modelled to comply with OFWAT guidance
Reservoir Abberton EA

Abberton Reservoir RV1 RV1 EOETS Control Curve (VBA) St not present Upper Control

orage Curve 303 297 5 285 Inclusion of EOETS reservoir control curves to represent the

ReSerVoir Hanninafield EA i - realistic availability of water transferred from Denver

Hanningfield Reservoir RV2 RV2 EOETS Control Curve (VBA) not present 9
Storage Control Curve

GW2,
GW2, GWS3, GW3, GWS8, . . .
SAGS boreholes GWS, GW9, | GWo, Options Enabled FALSE TRUE 303 316 13 298 Sﬁigbk;?{g:gzz ;‘\’g‘i'fb'e subject to control curve constraint
GW10, GW11 | GW10,
GW11
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Note on review of Langford Recycling Scheme output profile

1.0 Introduction

As part of the AMP5/PR09 Water Resource Management Plan (WRMP) a review of
the water resource system model for the Essex System in Aquator is being
undertaken. This review will ensure that the model provides a realistic representation
of the Essex System based on current operational practices and system constraints.

The model produced for AMP4 included the Langford effluent recycling scheme as a
discharge directly into the River Chelmer of a constant 30 Ml/d throughout the year.
This profile was derived based on the quantities of water Essex & Suffolk Water are
authorised to discharge as part of the scheme. Since 2004 the effluent recycling
scheme at Langford has been fully commissioned and several years of good
operation have taken place due to the dry conditions experienced in 2005 — 2006.
This operational experience has enabled the development of a more representative
deployable output profile for the recycling scheme.

An assessment was carried out to derive a representative output profile for the
recycling scheme to be incorporated into the Aquator model of the Essex System.
The results of this assessment are outlined below.

2.0 Assessment Methodology & Results

In order to derive a representative output profile for the recycling scheme, three
aspects of operation were considered,;

1. Operational output achieved from running the recycling scheme over the dry
period from 2005-2006.

2. Effluent availability from Chelmsford sewage treatment works.

3. Variation to the discharge consent for the discharge to the River Chelmer.
Each of these aspects is considered in more detail in the following sections.
2.1  Operational output during dry years

The operation of the Langford Recycling Scheme (LRS) is recorded on ESW’s MIPS
data system. The information recorded of interest for this assessment is as follows:

the volume of water discharged to the River Chelmer, which can then be re-
abstracted at ESW’s Langford intake, and

the volume of water discharged to the Blackwater estuary when the scheme is
operating but not meeting the discharge consent requirements for discharge to
river. This water is not able to be re-abstracted and therefore does not provide
any additional yield to the Essex System.

Data for the years 2005 and 2006 when the LRS was known to be operated
consistently and successfully were used for this assessment. These years were
relatively dry, therefore providing the right conditions under which to operate the LRS
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i.e. low river flows that benefit from the support provided by the discharge from the
scheme.

Daily output figures were used to calculate the average daily output for each month
of the year in both 2005 and 2006. The results of this assessment are summarised
in table 1.

Table 1: Calculated average daily output for LRS 2005 & 2006
Month Discharge to River Chelmer (Ml/d) Discharge to Blac  kwater Estuary (Ml/d)
2005 2006 2005 2006
January 0 0 0 0
February 0 0 0 0.31
March 0 0 2.33 14.37
April 0 1.38 15.77 135
May 6.8 7.76 9.74 7.51
June 9.6 17.02 8.06 2.87
July 15.67 21.24 5.77 1.31
August 19.26 22.16 2.79 1.21
September 13.06 11.04 5.31 2.97
October 0.40 12.79 2.53 3.77
November 2.48 6.02 11.61 6.97
December 0 0 7.47 0.87

Graphs were produced summarising the data on this table. These are presented at
figures 1 and 2 on the following page, for the discharge to the River Chelmer and
Blackwater estuary respectively.

These graphs indicate that there are some operational restrictions on the use of the
LRS over the winter period. Even though the winter of 2005/06 was a dry winter with
river flows significantly below average for the time of year, the LRS was not able to
discharge water to the river from December through to the following April. The Water
Resources team have been advised by ESW operational staff that this is due to the
treatment processes used at the Recycling Scheme plant and the need to achieve
the discharge consent requirements that were in place at the time.

Similarly, the results show that once the LRS is brought back on line again, there is a
period during which the processes are ‘warmed up’, and the water output from the
LRS does not meet the discharge consent standard immediately. This results in
much of the water produced in the first few weeks of operation being discharged to
the Blackwater estuary and therefore not being able to be re-abstracted by ESW. In
both years of full operation it has not been until May/June when the average volume
of water discharged to the River Chelmer starts to become greater than that
discharged to estuary.

Although the operational data suggests a seasonal pattern to the use of the LRS, this
is largely a product of factors such as the requirement for the water resource
supplied by the scheme, the cost of keeping the plant operational for long periods of
time and the need to carry out maintenance on the plant.
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Figure 1: Average monthly discharge to River Chelme  r from
the Langford Recycling Scheme
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Figure 2: Average monthly discharge to the Blackwat  er estuary from
the Langford Recycling Scheme

25.00
20.00 -
15.00 A
10.00

5.00

0.00 f—

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
02005 W2006

Water Resource Planning

50




Megalitres per day

80

70 +

60 +

50 +

40 1

30 1

20 1

10 +

2.2 Effluent availability from Chelmsford Sewage Tr  eatment Works

Information on the output of effluent from the Chelmsford sewage treatment works
demonstrates that there is a constant minimum supply of 22Ml/d, which increases
over the course of the day to reflect the diurnal variation in water usage by the local
population. The graph at figure 3 shows the flow from Chelmsford STW during a
period of no rain from October 26" to November 9" 2006. This clearly demonstrated
the diurnal variation in flow as there is no rain water discharge affecting the readings.
The daily variations in flow can be detected right down the discharge pipeline to the
LRS inlet.

Figure 3: Chelmsford Sewage Treatment Works Flow, d  uring drought Oct.26th - Nov.9th 2006,
showing diurnal variation (readings recorded 4X per hour)

26/10/2006 00:00

Average Flow =41.6 MI/d

Max.Flow =70.24 Ml/d
Min. Flow =23.3 Ml/d

§

26/10/2006 12:00
27/10/2006 00:00
27/10/2006 12:00
28/10/2006 00:00
28/10/2006 12:00
29/10/2006 00:00
29/10/2006 12:00
30/10/2006 00:00
30/10/2006 12:00
31/10/2006 00:00
31/10/2006 12:00
01/11/2006 00:00
01/11/2006 12:00
02/11/2006 00:00
02/11/2006 12:00
03/11/2006 00:00
03/11/2006 12:00
04/11/2006 00:00
04/11/2006 12:00
05/11/2006 00:00
05/11/2006 12:00
06/11/2006 00:00
06/11/2006 12:00
07/11/2006 00:00
07/11/2006 12:00
08/11/2006 00:00
08/11/2006 12:00

Date and Time

This data shows that there is a constant availability of effluent for treatment at the
LRS of at least 22 Ml/d. Operational experience has shown that the effluent pipeline
acts as a small reservoir and this enables the effluent flows to be captured at the inlet
to the LRS. As a result of the Hanningfield Water Act, a second pipeline is being
constructed to support the existing pipeline. This may result in an increase in the
volume of effluent that can be continuously taken into the LRS, due to the increase in
storage capacity available in the pipeline.

2.3  Discharge consent variation

The discharge consent for the Langford Recycling Scheme’s discharge to the River
Chelmer has been varied so that permissible total nitrogen concentrations have been
increased from 10 mg/l to 15 mg/l. This will increase the frequency the LRS is within
the requirements of its discharge consent and therefore able to discharge water to
the River Chelmer for re-abstraction.
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This discharge consent was varied for a year in April 2006 and then the variation was
made permanent in 2007, therefore the operation over the dry period from 2005-2006
was taking place to comply with the more limiting total nitrogen condition of 10 mg/l.
With the new total nitrogen condition now agreed with the Environment Agency and
put in place, experts at ESW have advised that, if required, the LRS could be
successfully operated throughout the winter period.

3.0 Recommendation

The information outlined above has been considered and used to make a
recommendation for an appropriate deployable output for the LRS to be included in
the Aquator model.

It is recommended that the output for Langford Recycling Scheme is set at an annual
average of 22Ml/d. The reasons for this recommendation are:

The operational data has demonstrated that the LRS can achieve a constant
output of 22Ml/d, when in use.

The information on effluent availability from Chelmsford STW demonstrated that a
minimum of 22Ml/d of effluent is available for treatment throughout the day.

The total nitrogen condition on the consent for the discharge to the River Chelmer
has been varied from 10 mg/l to 15 mg/l. This will make it more likely that the
LRS will be able to be successfully operated throughout the winter months;
therefore enabling a constant flow to be achieved from the Scheme should it be
required.

In addition to developing an annual average deployable output value for incorporation
into the Aquator model it is also useful to derive a figure to represent the peak daily
deployable output of the LRS.

The peak daily deployable output is developed from the daily output figures for each
year of record from which the maximum (or peak) daily output for the year is
calculated. The largest of the maximum daily output figures is then taken as the final
peak deployable output figure. From the data currently available the largest
maximum daily output is calculated as 29Ml/d. This figure was consistent for both
the years of record assessed.

The annual average deployable output will be incorporated into the Aquator model
and used to represent the likely deployable output available from the LRS. This
figure will be reviewed for the next AMP Water Resource Management Plan
assessment of deployable output (AMP6) as more operational experience is gained
and the full effect of the varied discharge consent and the new additional pipeline is
understood.

Water Resource Planning Team — December 2007
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PR09 — Essex System Water Resource Modelling — March 2009

Peak Factors — Essex Area (monthly demand over annu  al average)
1992/93 | 1993/94 | 1994/95 | 1995/96 | 1996/97 | 1997/98 | 1998/99 | 1999/00 | 2000/01 | 2001/2002 | 2002/03 | 2003/04 | 2004/05 | 2005/06 | 2006/07
April 0.98 1.00 0.93 0.95 0.98 0.98 1.00 0.93 0.95 0.97 1.02 0.95 1.00 0.95 0.97
May 1.02 1.02 0.95 1.01 0.99 1.02 1.02 0.95 1.01 1.01 0.99 0.95 1.03 0.99 0.97
June 1.04 1.08 1.06 1.05 1.11 1.04 1.08 1.06 1.05 1.05 1.01 1.03 1.10 1.08 1.05
July 1.01 1.08 1.15 1.15 1.07 1.01 1.08 1.15 1.15 1.08 1.05 1.04 1.07 1.08 1.15
August 0.99 1.05 1.06 1.16 1.02 0.99 1.05 1.06 1.16 1.03 1.02 1.14 1.05 1.04 1.01
September 1.00 0.99 0.99 0.96 1.00 1.00 0.99 0.99 0.96 0.98 1.00 1.07 1.01 1.00 1.00
October 0.99 0.96 0.98 0.95 0.95 0.99 0.96 0.98 0.95 0.97 0.96 1.00 0.97 0.97 0.97
November 0.99 0.97 0.98 0.95 0.95 0.99 0.97 0.98 0.95 0.98 0.97 0.98 0.96 0.98 0.98
December 0.97 0.96 0.97 0.94 0.96 0.97 0.96 0.97 0.94 0.98 0.97 0.95 0.94 0.98 0.97
January 1.01 0.96 0.98 0.99 1.02 1.01 0.96 0.98 0.99 1.02 1.05 0.96 0.96 0.99 0.97
February 0.99 0.97 0.97 0.97 0.98 0.99 0.97 0.97 0.97 0.96 0.99 0.96 0.96 0.98 0.98
March 1.01 0.97 0.98 0.94 0.97 1.01 0.97 0.98 0.94 0.96 0.97 0.96 0.97 0.96 0.98
Annual
Average 400.23 | 396.77 | 405.67 | 426.31 | 419.55 | 400.23 | 396.77 | 405.67 | 426.31 482.74 404.54 424.29 | 401.43 | 405.48 | 394.45
[ ] =representative dry year profile used in Aquator model
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PRO9 — Essex System Water Resource Modelling — March 2009

Interpolation of climate change deployable output r esults
WRP year 2006/07 2007/08 | 2008/09 | 2009/10 2010/11 2011/12 2012/13 2013/14 | 2014/15 | 2015/16 | 2016/17 | 2017/18 | 2018/19 | 2019/20
Year for scaling factor
calculation 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Scaling factor 0.00 0.07 0.14 0.21 0.29 0.36 0.43 0.50 0.57 0.64 0.71 0.79 0.86
Deployable Output No
climate change 298 298 298 298 298 298 298 298 298 298 298 298 298 298
Deployable output (Climate
Change 2020 Mid) 298 298 297 297 296 296 295 295 294 293 293 292 292 291
Deployable output (Climate
Change 2020 Wet) 298 298 300 301 303 305 306 308 310 311 313 314 316 318
Deployable output (Climate
Change 2020 Dry) 298 298 295 292 290 287 284 281 279 276 273 270 267 265
WRP year 2020/21 2021/22 | 2022/23 | 2023/24 | 2024/25 | 2025/26 | 2026/27 | 2027/28 | 2028/29 | 2029/30 | 2030/31 | 2031/32 | 2032/33 | 2033/34 | 2034/35
Year for scaling factor
calculation 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
Scaling factor 0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18
Deployable Output No climate
change 298 298 298 298 298 298 298 298 298 298 298 298 298 298 298
Deployable output (Climate
Change 2020 Mid) 291 291 290 290 290 290 290 290 290 289 289 289 289 289 289
Deployable output (Climate
Change 2020 Wet) 319 319 320 320 321 321 321 322 322 323 323 324 324 325 325
Deployable output (Climate
Change 2020 Dry) 263 262 261 261 260 259 258 257 257 256 255 254 254 253 252
[ ] -2025 deployable output results derived from Aquator
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PR09 — Essex System Water Resource Modelling — March 2009

Marginal Yield Calculations

Model Name: Marginal Yield Assessment (using ‘PR0O9 — Baseline
5/12/2007)

Scenario Name: SAGS

Pre-Denver Variation (18-month licence 79,555Ml)

Abberton at 24920MI / surface area 4.95 km? / 10% dead storage
Kennett at 364Ml/d

SAGS boreholes available subject to reservoir control curve

Langford Recycling Scheme at 20MlI/d (for all model runs)

Layer WTW at 140Ml/d (max) 60MI/d (minimum - set to balance reservoir
drawdown and refill)

No climate change flow factors applied to the naturalised flow record.

Historic Yield: 298Ml/d
Scenario Name: Baseline Climate Change Mid

Mid climate change flow factors applied to the naturalised flow record.
Hanningfield WTW at 220MI/d (max) 80MIl/d (minimum — set to balance
reservoir drawdown and refill)

All other parameters as ‘SAGS’ scenario

Historic Yield: 290Mi/d
Scenario Name: Baseline Climate Change Wet

Wet climate change flow factors applied to the naturalised flow record.
All other parameters as ‘Baseline Climate Change Mid’ scenario.

Historic Yield: 321Ml/d
Scenario Name: Baseline Climate Change Dry

Dry climate change flow factors applied to the naturalised flow record.
All other parameters as ‘Baseline Climate Change Mid’ scenario.

Historic Yield: 259MlI/d
Scenario Name: DLV Only (with SAGS)

Post — Denver Variation 18-month licence volume applied to the Denver
intake (100,000 MI per 18-months)

Post-Denver Variation hands off flow (HOF) sequence applied to Denver
intake.

SAGS boreholes available subject to reservoir control curve.
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Abberton at 24920MI / surface area 4.95 km? / 10% dead storage
Kennett at 364Ml/d

Langford Recycling Scheme at 20MlI/d

Layer WTW at 140Ml/d (max) 60MI/d (minimum - set to balance reservoir
drawdown and refill)

No climate change flow factors applied to the naturalised flow record.

Historic Yield: 306Ml/d Marginal Yield: 8Ml/d
Scenario Name: DLV Only (with SAGS) CC Mid

Mid climate change flow factors applied to the naturalised flow record.
Hanningfield WTW at 220MI/d (max) 80MIl/d (minimum — set to balance
reservoir drawdown and refill)

All other parameters as ‘DLV Only (with SAGS)’ scenario

Historic Yield: 298Mi/d Marginal Yield: 8Mli/d
Scenario Name: DLV Only (with SAGS) CC Wet

Wet climate change flow factors applied to the naturalised flow record.
All other parameters as ‘DLV Only (with SAGS) CC Mid’ scenario.

Historic Yield: 326Mi/d Marginal Yield: 5Ml/d
Scenario Name: DLV Only (with SAGS) CC Dry

Dry climate change flow factors applied to the naturalised flow record.
All other parameters as ‘DLV Only (with SAGS) CC Mid’ scenario.

Historic Yield: 264Ml/d Marginal Yield: 5Ml/d
Scenario Name: Full Abberton Scheme (with SAGS)

Layer WTW at 210Ml/d (max) 50MI/d (minimum — set to balance reservoir
drawdown and refill)

Post — Denver Variation 18-month licence volume applied to the Denver
intake (100,000 MI per 18-months)

Post-Denver Variation hands off flow (HOF) sequence applied to Denver
intake.

Kirtling Green to Wixoe pipeline On

Wormingford to Abberton pipeline On

SAGS boreholes available subject to reservoir control curve

Abberton Reservoir at 40800 Ml / surface area 6.1km?/ 10% dead storage
Kennett Pumping Station at 455Ml/d

No climate change flow factors applied to the naturalised flow record

Historic Yield: 360Mi/d Marginal Yield: 62Ml/d
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Scenario Name: Full Abberton Scheme (with SAGS) CC Mid

Mid climate change flow factors applied to the naturalised flow record.
Hanningfield WTW at 220MI/d (max) 80Ml/d (minimum — set to balance
reservoir drawdown and refill)

All other parameters as ‘Full Abberton Scheme (with SAGS)’ scenario

Historic Yield: 354Ml/d Marginal Yield: 64Ml/d
Scenario Name: Full Abberton Scheme (with SAGS) CC Wet

Wet climate change flow factors applied to the naturalised flow record.
Layer WTW at 210Ml/d (max) 170MI/d (minimum — set to balance reservoir
drawdown and refill)

Hanningfield WTW at 220MI/d (max) 80Ml/d (minimum — set to balance
reservoir drawdown and refill)

All other parameters as ‘Full Abberton Scheme (with SAGS)’ scenario.

Historic Yield: 396Mi/d Marginal Yield: 75Ml/d
Scenario Name: Full Abberton Scheme (with SAGS) CC Dry

Dry climate change flow factors applied to the naturalised flow record.
Layer WTW at 210Ml/d (max) 60MI/d (minimum - set to balance reservoir
drawdown and refill)

Hanningfield WTW at 220Ml/d (max) 80Ml/d (minimum — set to balance
reservoir drawdown and refill)

All other parameters as ‘Full Abberton Scheme (with SAGS)’ scenario.

Historic Yield: 300Mi/d Marginal Yield: 41Mi/d

Scenario Name: Enlarged Abberton & Wormingford pipeline only (with
SAGS)

Layer WTW at 210Ml/d (max) 50Ml/d (minimum — set to balance reservoir
drawdown and refill)

Hanningfield WTW at 220MI/d (max) 60MIl/d (minimum — set to balance
reservoir drawdown and refill)

Pre-Denver Variation (18-month licence 79,555Ml)

Pre-Denver Variation hands off flow (HOF) sequence applied to Denver
intake.

Kirtling Green to Wixoe pipeline Off

Wormingford to Abberton pipeline On

SAGS boreholes available subject to reservoir control curve

Abberton Reservoir at 40800 Ml / surface area 6.1km?/ 10% dead storage
Kennett Pumping Station at 364Ml/d

No climate change flow factors applied to the naturalised flow record
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PR09 — Essex System Water Resource Modelling — March 2009

Historic Yield: 340Mi/d Marginal Yield: 42Mi/d
Scenario Name: Enlarged Abberton & Wormingford pipeline only (with
SAGS) CC Mid

Hanningfield WTW at 220MI/d (max) 80MIl/d (minimum — set to balance
reservoir drawdown and refill)

Mid climate change flow factors applied to the naturalised flow record.
All other parameters as ‘Enlarged Abberton & Wormingford pipeline only
(with SAGS)’ scenatrio.

Historic Yield: 331Mi/d Marginal Yield: 41Mi/d

Scenario Name: Enlarged Abberton & Wormingford pipeline only (with
SAGS) CC Wet

Layer WTW at 210Ml/d (max) 60MI/d (minimum — set to balance reservoir
drawdown and refill)

Hanningfield WTW at 220MI/d (max) 80MIl/d (minimum — set to balance
reservoir drawdown and refill)

Wet climate change flow factors applied to the naturalised flow record

All other parameters as ‘Enlarged Abberton & Wormingford pipeline only
(with SAGS)’ scenatrio.

Historic Yield: 366Mi/d Marginal Yield: 45Mi/d

Scenario Name: Enlarged Abberton & Wormingford pipeline only (with
SAGS) CC Dry

Layer WTW at 210Ml/d (max) 60MI/d (minimum — set to balance reservoir
drawdown and refill)

Hanningfield WTW at 220MI/d (max) 80MIl/d (minimum — set to balance
reservoir drawdown and refill)

Dry climate change flow factors applied to the naturalised flow record

All other parameters as ‘Enlarged Abberton & Wormingford pipeline only
(with SAGS)’ scenatrio.

Historic Yield: 286Ml/d Marginal Yield: 27Ml/d
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Assessment of implications of proposed flow conditi ons to add to the
Langford Consent as a consequence of the Environmen t Agency’s Review of
Consents

1.0 Background

The Environment Agency, under their Review of Consents process, has
recommended that there is a 23.7Ml/d (measured as a 7-day rolling average)
combined flow of river water and fully treated sewage effluent entering the
Blackwater Estuary downstream of Beeleigh Weir.

The current requirement on the Essex & Suffolk Water (ESW) abstraction licence is
for 1.137Ml/d to be released downstream of each of the ESW intakes on the Rivers
Chelmer and Blackwater, upstream of Beeleigh Weir. In addition to this Hands off
Flow (HOF) restriction, Anglian Water discharge treated sewage effluent from
Chelmsford sewage treatment works (STW) and Witham STW into the Blackwater
Estuary downstream of Beeleigh Weir.

The volumes of treated effluent discharged into the Blackwater Estuary are variable
depending on the season, weather conditions, and whether ESW's effluent recycling
plant is operating at Langford.

A modelling exercise was carried out using ESW’s Aquator model of the Essex
System to assess the implications of the Environment Agency's proposals on the
deployable output of the Essex System in the design drought (1933-1934). The
report details this assessment and the results of the modelling carried out.

2.0 Deriving a monthly profile of discharge to the Blackwater Estuary

ESW has details of the daily effluent discharges from Chelmsford STW at Brookend
from 2005 to 2008. This data was used to derive a monthly profile to represent the
discharge of treated sewage effluent to the Blackwater Estuary. Three methods were
used to develop the monthly profile:

1. Calculation of a monthly average using the whole data set (2005-08)

2. Calculation of a monthly average using just the data from 2006 because this was
a dry year and is therefore more representative of discharges that may be
experienced if a repeat of the design drought was to occur.

3. Calculation of a monthly profile based on the minimum discharge experienced in
each month of 2006. This represents a worst case scenario, assuming the
minimum monthly discharge as a constant for the month.

The profiles derived from the data were then adjusted to account for the assumption
in Aquator that the Langford Recycling Plant (LRP) provides a constant supply of
20MI/d to the River Chelmer. This flow has been intercepted from the sewage
effluent pipeline from Chelmsford STW and would therefore not be included in the
volume of effluent discharged to the Blackwater Estuary.

In addition, a constant 7Ml/d was added to the discharge to the Blackwater Estuary to
represent the treated effluent flow from Witham STW.
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Table 1 shows the profiles developed using the assumptions outlined above. The
cells highlighted orange are the discharges that fall below the required 23.7 Ml/d.
These discharges would require additional river water to ensure the flow to estuary
met the Environment Agency’s recommendations. The following points summarise
the implications of the profiles presented:

Based on the average monthly discharge from Chelmsford STW, assuming a
20MlI/d reduction due to the LRP and an additional 7MI/d constant from Witham
STW, the discharge to estuary would always meet the EA’'s recommendation of
23.7Ml/d or more, even without any contribution from river water.

Based on the average monthly discharge from Chelmsford STW for 2006 only
and taking the same assumptions as before regarding the LRP and Witham
STW, the discharge to estuary would be below the EA’'s recommendation of
23.7Ml/d by between 0.78Ml/d and 0.28MIl/d for 2 months of the year.

Based on the minimum monthly discharge from Chelmsford STW for 2006, and
taking the same assumptions as before regarding the LRP and Witham STW, the
discharge to estuary would be below the EA’s recommendation of 23.7Ml/d for 8
of the 12 months in the profile. The deficit ranges from 0.18Ml/d to 9.64Ml/d.

Of the three possible discharge profiles developed, only the one based on the
minimum monthly discharge would have any notable effect on the Essex system
deployable output calculation. The deployable output is calculated based on the
worst drought on record, the design drought year. It is therefore feasible that under
these drought conditions the effluent discharges would be at a minimum. The
minimum monthly discharge profile was therefore considered the most appropriate
profile to use to assess the effects of the EA’s proposals on the Essex System
deployable output.

Water Resource Planning 71



Table 1: Calculation of the monthly effluent discharge profile to be applied to the Blackwater Estuary.

Discharge profile including 7Ml/d discharge from

Month Monthly STW discharge profile (Ml/d) Discharge profi  le - 20MlI/d LRP output (Ml/d) Witham STW (Ml/d)

Average 2005-2008 |Average 2006 |Minimum 2006 |Average 2005-2008 |Average 2006 |Minimum 2006 JAverage 2005-2008 |Average 2006 [Minimum 2006
Jan 50.64 45.44 41.40 30.64 25.44 21.40 37.64 32.44 28.40
Feb 48.61 39.68 34.60 28.61 19.68 14.60 35.61 26.68 21.60
Mar 49.93 39.62 34.60 29.93 19.62 14.60 36.93 26.62 21.60
Apr 48.58 45.03 35.00 28.58 25.03 15.00 35.58 32.03 22.00
May 47.46 43.95 36.52 27.46 23.95 16.52 34.46 30.95 23.52
Jun 42.72 35.92 29.96 22.72 15.92 9.96 29.72 22.92 16.96
Jul 42.34 36.42 27.06 22.34 16.42 7.06 29.34 23.42 14.06
Aug 42.42 39.97 32.35 22.42 19.97 12.35 29.42 26.97 19.35
Sep 44.79 43.46 39.44 24.79 23.46 19.44 31.79 30.46 26.44
Oct 44.52 44.02 32.31 24.52 24.02 12.31 31.52 31.02 19.31
Nov 45.89 45.35 39.41 25.89 25.35 19.41 32.89 32.35 26.41
Dec 45.54 46.53 38.26 25.54 26.53 18.26 32.54 33.53 25.26
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3.0 Assessment of the effect of the proposals onth e Essex System DO .

The discharge profile for the Blackwater Estuary was incorporated into the Aquator
model in three different ways in order to assess the sensitivity of the model to the
inclusion of the new profile:

1. The discharge profile was included on the River Chelmer, after the Chelmer
Intake, and before Beeleigh Weir gauging station. A flow constraint of 22.563Ml/d
was set on Beeleigh Weir. This ensured that a total flow to estuary of 23.7Ml/d
was achieved whenever ESW were abstracting from the Chelmer intake. The
additional 1.137Ml/d to estuary was provided from the River Blackwater through
the Langford Cut Weir (this is the existing flow constraint).

2. The discharge profile was included on the River Blackwater, after the Langford
Mill intake and before the Langford Cut Weir. A flow constraint of 22.563MI/d was
set on the Langford Cut Weir. This ensured that a total flow to estuary of
23.7Ml/d was achieved whenever ESW were abstraction from the Langford Mill
and Blackwater intakes. The additional 1.137Ml/d to estuary was provided from
the River Chelmer through the Beeleigh Weir gauging station.

3. A confluence was added to the Aquator schematic for the Essex System to join
the Rivers Chelmer and Blackwater so they only have one termination point (the
Blackwater Estuary). The confluence was added after the Langford Cut weir on
the River Blackwater and after the Chelmer intake on the River Chelmer.
Beeleigh Weir was now located downstream of the river confluence. The flow
constraint on Beeleigh Weir was set at 23.7MI/d. The Blackwater Estuary effluent
discharge profile was applied to the river channel immediately downstream of the
river confluence (upstream of Beeleigh Weir). Flow constraint of 1.137Ml/d were
set on the Chelmer intake and the two Blackwater intakes (Langford Mill and
Blackwater), as well as on Langford Cut Weir. This method of assessment
allowed the model more flexibility regarding where water was obtained from to
supplement the Blackwater Estuary discharge to achieve the 23.7Ml/d flow to
estuary.

The model was saved as Blackwater RoC assessment (using ‘Marginal Yield
Assessment (using ‘PR09 — Baseline 5/12/2007")). Model runs were carried out to
derive an Essex System deployable output associated with each of the three
assessment methods outlined above. Each model run was saved in the model
database. Details of the results are presented in the following section.

4.0 Results

The results of the assessment are presented in table 2:
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Table 2: Results of Blackwater RoC modelling assessment.

Scenario Model run saved as: Deployable output Baseline DO Yield loss No. of days flow to
result (Ml/d) (Ml/d) (Ml/d) estuary < 23.7Ml/d
1 — Discharge profile on River | Blackwater Estuary effluent on 286 290 4 4
Chelmer River Chelmer (286Ml/d)
2 — Discharge profiled on Blackwater Estuary effluent on 285 290 5 19
River Blackwater River Blackwater (285Ml/d)
3 — Discharge profile Blackwater estuary effluent d/s 286 290 4 0

downstream of river
confluence

of confluence (286Ml/d)

N.B. All deployable outputs calculated using the Mid climate change scenario river flows.
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When the daily output of the model runs was assessed, under scenarios 1 and 2
flows less than 23.7MI/d still entered the Blackwater estuary. Under these scenarios
abstraction at the intakes linked to the flow constraint had ceased; however, due to
the flow constraint being linked primarily to one river then abstractions on the other
river were still able to occur to try to meet the demand on the Essex System. This
resulted in the flow to estuary being allowed to drop below 23.7Ml/d under some
circumstances.

Under scenario 3 however, the 23.7Ml/d flow to the Blackwater Estuary was
maintained throughout the model run period. This was because in this scenario more
flexibility was allowed enabling both the rivers to contribute to maintain the flow
constraint as required.

50 Conclusion

This modelling assessment has shown that during periods of significantly low flows,
the requirement to release 23.7Ml/d to the Blackwater Estuary is likely to result in a
loss of yield to the Essex System of between 4 and 5 MI/d. This result is based on
the assumption that during a drought, the discharge of treated effluent to the estuary
would be at a minimum and in order to maintain the 23.7Ml/d combined flow, river
water will be required to support the effluent flow.

Three modelling scenarios have been used to carry out this assessment and the
results were within 1MI/d of each other. This shows consistency between the results.

Water Resource Planning — November 2008
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Assessment of implications of proposed flow conditi ons to add to the
Langford Consent as a conseguence of the EA’s RoC:
Supplementary information.

1.0 Introduction

As a result of a recommendation from the Environment Agency, Essex & Suffolk
Water (ESW) has carried out some additional modelling work to supplement the work
reported in November 2008 on the ‘Assessment of implications of proposed flow
conditions to add to the Langford Consent as a consequence of the Environment
Agency’s Review of Consents’. The work comprised the following elements:

Calculation of an effluent discharge profile for Chelmsford STW at Brook End
based on a monthly minimum derived from a 7-day rolling mean.

Calculation of an effluent discharge profile for Witham STW base on a monthly
minimum derived from a 7-day rolling mean.

Generating a revised discharge profile to import into the Aquator model using the
above profiles and the model assumptions about the operation of the Langford
Recycling Plant.

Using Aquator to calculate the Essex System deployable output using the revised
discharge profile and implementing the 23.7Ml/d RoC requirement for flow to the
Blackwater Estuary.

2.0 Calculation of the revised effluent discharge p  rofiles.

The monthly effluent discharge profile for Chelmsford STW at Brook End was derived
from the 2006 daily data on discharges from the treatment works. The total
discharge for the works is derived from three pipelines. Prior to September 2006 it
was known that one of the pipelines was not measuring accurately. Anglian Water
has provided ESW with an assumption to calculate the total effluent discharge for this
period. ESW has checked this assumption against total flow measurement taken
from September 2006 onwards and is satisfied that the assumption gives a value
accurate enough for the purposes of this assessment.

A rolling 7-day mean daily record was calculated from the 2006 daily discharge data
for Chelmsford STW. The minimum value for each month in 2006 was then taken
from the rolling 7-day mean data and incorporated into the discharge profile
calculation.

The EA had recommended using a 7-day rolling mean value rather than the actual
daily values to derive the monthly profile because the rolling mean would prevent any
one-off anomalies for minimum values influencing the monthly profile. The rolling
mean would therefore dampen the effect of any such anomalies.

The monthly profile derived for Chelmsford STW from the minimum 7-day rolling
mean data is given on Table 1. The data behind this profile calculation is provided in
the excel file accompanying this report (Blackwater Estuary effluent discharge
calculation.xIs).

The monthly profile for Witham STW was derived using the same methodology as for
Chelmsford STW at Brook End. The Environment Agency provided ESW with
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effluent discharge data for 2006 and 2007. A 7-day rolling mean was calculated for
this data and a monthly profile of the minimum 7-day rolling mean generated from the
2007 data. The 2007 data was used because consistently high values recorded
during 2006 are not deemed representative of the average output from this STW.
Therefore 2006 was not considered a reliable enough data set for this calculation.
The monthly profile derived is presented on Table 1. The data behind this profile
calculation is provided in the excel file accompanying this report (Blackwater Estuary
effluent discharge calculation.xIs).

The profiles derived from the data were then adjusted to account for the assumption
in Aquator that the Langford Recycling Plant (LRP) provides a constant 20Ml/d to the
River Chelmer. This flow has been intercepted from the sewage effluent pipeline
from Chelmsford STW and would therefore not be included in the volume of effluent
discharged to the Blackwater Estuary.

Table 1: Monthly effluent discharge profile calculation

Month Monthly minimum 7-day rolling mean (© Lan'gford Total dischar'ge to
i DL b i
data) MlI/d (a+b-c)

Jan 42.57 5.52 20 28.09

Feb 37.97 5.42 20 23.39

Mar 36.00 5.71 20 21.71

Apr 43.23 4.68 20 27.92

May 38.31 5.27 20 23.58

Jun 33.34 4.92 20 18.25

Jul 34.28 4.88 20 19.16

Aug 32.95 4.69 20 17.64

Sep 39.94 4.53 20 24.46

Oct 40.43 4.57 20 25.00

Nov 39.70 5.20 20 24.91

Dec 40.35 5.06 20 25.41

The total discharge to estuary therefore comprises of the monthly minimum 7-day
rolling mean from Chelmsford STW at Brook End, plus the monthly minimum 7-day
rolling mean from Witham STW, minus the 20MI/d LRP output assumption. This final
discharge figure is presented in Table 1.

3.0 Calculation of Essex System Deployable Output
The revised profile for the total discharge to the Blackwater Estuary was imported

into the Aquator model and saved as ‘Blackwater Estuary effluent discharge (Min 7-
day rolling mean)’. This discharge profile was applied to the river channel
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immediately downstream of the Chelmer/Blackwater confluence. The 23.7Ml/d flow
constraint was set on Beeleigh Weir, downstream of the discharge profile. A model
run was carried out to determine the Essex system deployable output associated with
the revised discharge profile. The Essex system deployable output under this
scenario was calculated as 286MIl/d. This equates to a yield loss of 4Ml/d when
considered in the context of the Baseline Essex system DO of 290Ml/d. This model
run was saved as ‘Blackwater Estuary RoC — min 7-day rolling mean discharge
(286Ml/d)'.
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