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Appendix AFW.CE.A1.1 - Totex Summary
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1 Supply demand balance, of which
afi) 2020-25 supply enhancement - 5.5 5.0 5.0 Accept -0.5 0.0
afii) 2020-25 demand (non-leakage) enhancement - 63.5 57.5 48.9  |We have revised these costs to align with the WRMP. -14.6 -8.6
a(iii) 2020-25 SDB enhancement sub-total 69.0 62.5 53.9  |Accept -15.1 -8.6
b 2020-25 leakage enhancement - 35.1 0.0 48.2 |We are adopting a leakage target of 18.5% (30 ML/d). 13.1 48.2
c Long-term enhancement - 47.9 38.1 36.1 Accept company efficiency challenge on Sundon. Revised Supply 2040 costs. -11.8 -2.0
d Strategic regional solution development - 18.5 18.5 18.5  |Accept 0.0 0.0
e Internal interconnections - - - - n/a
f Investigations and future planning - 14.2 0.0 0.0 We have absorbed this cost in base. -14.2 0.0
g Regional Reservoir - 0.0 52.4 52.4 Accept 52.4 0.0
Subtotal 184.7 171.5 209.2 24.5 37.7
2 Drinking Water Protected Areas 0.0 0.0 0.0 Accept 0.0 0.0
3 Making ecological improvements at abstractions 21.1 19.9 19.9 Accept -1.3 0.0
4 Eels regulations 0.0 0.0 0.0 Accept 0.0 0.0
5 Freeform 0.0 0.0 0.0 Accept 0.0 0.0
6 Growth 53.8 53.8 53.8 |Accept 0.0 0.0
7 Improvement to river flows 0.5 0.5 0.5 Accept 0.0 0.0
8 Invasive species 0.4 0.4 0.4 Accept 0.0 0.0
9 Investigations 6.9 4.8 6.3 Double-counting removed; cost efficience reduction of 10% -0.6 1.5
10 Lead Standards 9.2 8.4 8.4 Accept -0.8 0.0
11 Low Pressure 2.5 0.0 0.0 Accept -2.5 0.0
12 Metering 76.9 60.5 60.5 Accept -16.4 0.0
13 Raw water deterioration 3.7 3.5 3.5 Accept -0.2 0.0
14 Resilience 5.3 3.1 3.1 Accept -2.2 0.0
15 Security 0.0 0.0 0.0 Accept 0.0 0.0
16 Taste, odour, colour 0.0 0.0 0.0 Accept 0.0 0.0
17 Water Framework Directive 65.0 48.8 65.0 We have provided further detail and evidence. 0.0 16.2
Subtotal 245.3 203.7 221.3 -24.0 17.7
Total enhancement 430.0 375.2 430.5 0.6 55.3
18 Modelled base totex wholesale total 902.1 871.1 902.1 [Partially accepted. 0.0 31.0
19 Unmodelled base totex wholesale 105.8 101.0 103.5 |Partially accepted. -2.3 2.5
20 Total base totex wholeasle 1007.8 972.1 1005.6 -2.2 33.5
TOTAL 1437.8 1347.3 1436.1 -1.7 88.8
Check to Ofwat published figures 1438.7 1347.3 1436.1 -0.7 0.2
Difference 0.9 0.0 0.2
Total 1438.7 1347.3 1436.3 -2.4 89.0
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1 Document Purpose

The purpose of a Business Case is to describe the reasons for the project and the justification
for undertaking it, based on the estimated costs of the project, the expected business benefits,
savings and risks.

This Business Case also presents the range of options that we have assessed that could deliver
the project outcome. We set out our reasoning for the best value option selected.

During a project or programme, the Business Case is a major controlled document that is
referenced on a regular basis to confirm that the project and its solution remains viable. It is
maintained throughout the lifecycle of the project, being reviewed by key stakeholders at key
decision points.

2 Executive Summary
2.1 Overview

Supply 2040 is our multi-phase strategic plan from 2020 to 2040 to ensure our available water
resources (supply) meet our customers’ needs (demand) in our Central region.

The primary benefit of Supply 2040 is to balance supply and demand as required by our PR19
Water Resources Management Plan (WRMP). We need to act now as we have supply /
demand deficits in five of the six communities in our Central region. We have delivered 63.1Mi/d
of sustainability reductions since privatisation. We will deliver another 36.31Ml/d in AMP7, of
which 33.71MI/d will be in our Central region. We have fewer water sources available to meet
customer demand.

Please see Figure 1 for a map of our supply area and our communities.

Supply 2040 Business Case Page 9
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Figure 1: Affinity Water supply area and communities

2.2 Phase 1: AMP7

The driver for our Supply 2040 programme is to balance supply and demand. Our WRMP
identifies the need to move a current surplus of water from our Wey community north. Our
Supply 2040 programme includes intra-zonal projects to make use of this water within our Pinn
community in AMP7. This creates a cascade effect to push our surface water further north into
our Lee community to offset some of our groundwater sustainability reductions, so we can
balance supply and demand.

Our Lee community has a supply / demand deficit from 2020 because of sustainability
reductions and population growth. This deficit increases as we will deliver 15.9MI/d of
sustainability reductions in our Lee community in AMP7. We will increase our use of our shared
supply with Anglian Water at Grafham to balance supply and demand. Our use of Grafham will
be maximised under average conditions on completion of our conditioning treatment plant at
Sundon in 2024. The compound effect of many AMPs of sustainability reductions in our Lee
community means we have fewer sources to meet customer demand. Under Supply 2040, we
will build additional storage and a booster pumping station in the north of our Lee community to
transfer water from sources in the south of our Lee community, made available by the cascade
of the Egham surplus into our Pinn community.

Supply 2040 Business Case Page 10
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We are seeking funding for the AMP7 projects of our Supply 2040 programme. The costs
associated with our AMP7 Supply 2040 programme are not double-counted with any other
related programmes, such as our WRMP, sustainability reductions or Sundon conditioning.

2.3 Phase 2: AMPS8

Ofwat has recognised the need for at least one new strategic supply solution in the next five to
15 years to balance supply and demand. In their Initial Assessment of Plans, they announced
they will make available up to £360m through the PR19 period to facilitate the development of
strategic water resources options for the south and south east of England. We need to prepare
for those resources by ensuring we have the strategic infrastructure in place to receive and
distribute water to meet customer demand. Our WRMP selects the Upper Thames reservoir in
2038/39.

The reservoir, if built, will be outside of our supply area. We have worked with Thames Water to
develop the scheme. The likely entry point for the bulk import from the reservoir is to the west of
our Misbourne community. We therefore need to prepare our strategic network to receive this
import, and distribute it east, cascading through our Lee and Stort communities. This is the
basis for the Supply 2040 projects we are considering for AMP8, which are under continuous
review. We expect a key decision on the new strategic water resource in 2023 and will revise
our plans accordingly.

2.4 Phase 3: AMP9

We will continue the works necessary to make use of the new strategic supply solution(s) to
balance supply and demand across our Central region.

The AMP8 and AMP9 projects carry uncertainty as the scope will be dependent on the new
strategic supply option(s). We have developed our Supply 2040 programme with enough
flexibility, so we can adapt our approach when decisions are made in the future.

Supply 2040 Business Case Page 11
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3  Supply 2040 programme
3.1 Driver

The primary driver for Supply 2040 is the need to balance supply and demand as defined by
our WRMP.

Our WRMP forecasts supply / demand deficits from 2020 onwards under both dry year annual
average (DYAA) and dry year critical peak (DYCP) conditions. These deficits are driven by
population growth (increasing demand), together with sustainability reductions and climate
change (reducing our water available for use).

In AMP7, in our Central region:

—  We will supply 142,000 more people in 2025 than in 2020 (an increase of 3.7%);

— We will deliver 33.71MI/d (average) of sustainability reductions in four of our
communities (4% of our average daily distribution input);

— Climate change will reduce our deployable output (DO) by 4.7Ml/d (average).
Figure 2 presents our baseline supply / demand balance from our revised draft WRMP.

Figure 3 presents the surplus and deficits at community level for DYAA and DYCP, from our
baseline supply / demand balance.

1400
AMPT sustainability reductions reduces
available water by 33.7 MIfd. The
= s=[emand for Water
1300 reintroduction of Grafham at full

 Supply of Water Available

average licence, as stated in our PR19
Business Plan, increases available water

- 1200 by 34 Mi/d. Both are applied in 2024.
=
&
£ 1100
c
[
2 1000
Shortfall of 43 _.,.r"'-‘-
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Figure 2: Baseline supply / demand balance at DYAA for our Central region (revised draft WRMP)
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Figure 3: Zonal surplus and deficits (baseline) at DYAA and DYCP in 2020, 2045 and 2080
DYAA is the critical planning condition for our WRMP.

To balance supply and demand, in addition to other options, our WRMP identifies the need to
transfer a 17Ml/d surplus from our Wey community. We need to create a cascade to transfer
this surplus water north into our Pinn community and move that displaced water further north
into our Colne and Lee communities. Our surface water sources are more resilient to the effects
of climate change than our groundwater sources. Our groundwater sources are at risk of
sustainability reductions if our abstractions are found to be damaging the environment. We are
becoming more reliant on our surface water sources to meet our customers’ demand for water.

Supply 2040 Business Case Page 13
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3.2 Best value solution

We recommend the following projects to give best value for Supply 2040 phase 1:

— Egham to Iver: ST1a, use of existing 450mm main plus new booster to transfer
17MI/d surplus at Egham.

— Network reinforcement in Pinn: ST2, intra-zonal Blackford to Ickenham trunk main to
make use of Egham surplus within the community.

— Arkley: ST5, remove network restriction by laying c. 80m of trunk main to create a
northward cascade.

— North Mymms: ST6, upgrade of existing booster pumping station at North Mymms to
push water north.

— Bulls Green to Preston: ST9, new booster pumping station Bulls Green to Preston to
push water further north into our Lee community.

— Preston to Sundon: ST10, new booster pumping station and make use of our
existing strategic main to transfer water to the north of our Lee community.

— Chaul End storage: ST13, 20MiI cell at existing site to store transferred water surplus.

— Preston storage: ST14, 12Ml cell at existing site to store transferred water surplus.
The total cost of these eight options is £25,583.4k.

The options we have explored, and best value option justification are detailed in section 5.

3.3 Costs summary table

Table 1 presents a summary of the costs of the AMP7 phase of our Supply 2040 programme.

Table 1: Supply 2040 AMP7 phase 1 costs summary, £k

g:fito‘:‘a'“e Y1 Y2 Y3 Y4 Y5 AMP7 V‘;';grgo
Costs (capex) | £9,272 | £5358 | £4,694 | £6,259 £0 £25583 | £25,583
Costs (opex) * £0 £0 £0 £0 -£1,812 £0 - £22,192
agg(;mts £9,272 | £5358 | £4,694 | £6259 £0 £25583 | -£39,647
NPV (£k) £9,012 | -£14,074 | -£18,385 | -£23,972 | -£22,400 | -£22,400 | £11,980

* Unit costs account for the baseline risk profile and final accounts of previous projects i.e. are inclusive of
compensation events. An additional risk allowance would be adding a contingency fund on top of project costs that
already include for risks that materialised.

A Please note: negative opex cost as these are cost avoidance.

3.4 Customer benefits

Supply 2040 Business Case Page 14
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The primary benefit of our Supply 2040 programme is to meet customer demand with our
available water resources. The delivery of our Supply 2040 programme allows us to balance
supply and demand in all communities in our Central region. This ensures our WRMP is
compliant as it has zero deficits.

Our Supply 2040 programme contributes to our outcome to make sure you have enough
water, while leaving more water in the environment. The successful delivery of our Supply
2040 programme supports the delivery of several Performance Commitments:

— Sustainable abstraction

— Abstraction Incentive Mechanism

— Customers at risk of severe restrictions in a drought

— Unplanned outage

3.5 Methodology

Our value engineering process mirrored our water resources planning approach. We explored a
range of options before developing a feasible list. Our best value approach was to make use of
our existing strategic infrastructure where possible, with connections and boosters where
necessary. We have proposed new pipelines only where the existing network is undersized for
the transfer (i.e. it is already at capacity) and/or if there is a risk to customers or network
stability. The feasible options have been priced using our Scheme Builder database (capital and
operational costs) and modelled in MISER (our bespoke model that simulates transfers between
hydraulic demand zones) to determine the best value solution.

Our approach is presented in Figure 4.

Supply 2040 Business Case Page 15
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* Identify needs and surpluses of water in developing our WRMP

« Establish baseline supply / demand balance at company and community level
« Validation of need for Supply 2040 strategy

* Analyse network performance, telemetry data, historic incidents with our
operational teams

+Identify network constraints that, when resolved, improve connectivity and
operating efficiency

* Development of unconstrained options via workshops

» Options screening to develop feasible options list

» Costing
» Scheduling

Stage | *Risk assessment

* Feasible options appraisal to determine best value option

CECE€E€<€<C

Figure 4: Visualisation of methodology
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4 Defined Need and Dependencies
4.1 Defined Need

4.1.1 Introduction

Supply 2040 is our multi-phase strategic plan from 2020 to 2040 to ensure our available water
resources (supply) meet our customers’ needs (demand) in our Central region. This section of
the business case provides further justification for our Supply 2040 programme.

The driver for our Supply 2040 programme is to balance supply and demand. Our WRMP
identifies the need to move a current surplus of water from our Wey community north. Our
Supply 2040 programme includes intra-zonal projects to make use of this water within our Pinn
community in AMP7. This creates a cascade effect to push our surface water further north into
our Lee community to offset some of our groundwater sustainability reductions, so we can
balance supply and demand.

Our Lee community has a supply / demand deficit from 2020 because of sustainability
reductions and population growth. This deficit increases as we will deliver 15.9Ml/d of
sustainability reductions in our Lee community in AMP7. We will increase our use of our shared
supply with Anglian Water at Grafham to balance supply and demand. Our use of Grafham will
be maximised under average conditions on completion of our conditioning treatment plant at
Sundon in 2024. The compound effect of many AMPs of sustainability reductions in our Lee
community means we have fewer sources to meet customer demand. Under Supply 2040, we
will build additional storage and a booster pumping station in the north of our Lee community to
transfer water from sources in the south of our Lee community, made available by the cascade
of the Egham surplus into our Pinn community.

4.1.2 Background and context
We have three significant sources of water in our Central region.

— Our four surface water works on the River Thames, together providing approximately
40% of our daily distribution input, to the south of our Central region.

— Our groundwater resources (boreholes).

—  Our import from Grafham water treatment works, in the north-west of our Central
region.

60% of our water supply is provided by 116 groundwater sources, spread across our region.
Our Stort community has comparatively few sources. It is reliant on water cascaded through the
neighbouring Lee community through our strategic network to meet customer demand.

Most of the aquifers we abstract groundwater from are classified as over-abstracted and over-
licenced. We will deliver 36.31MI/d of sustainability reductions (average) at our groundwater
sources in AMP7.

Our PR19 draft WRMP forecasts supply / demand deficits in five of our six communities in our
Central region at the beginning of the planning period (2020). This is driven by population
growth (increasing demand), together with sustainability reductions and climate change
(reducing our water available for use).

Supply 2040 Business Case Page 17
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We have identified a 17MI/d (at average) surplus in our Wey community. This surplus may
increase in future, as South East Water has indicated they may reduce their bulk import from
our Egham surface works. We cannot use this surplus to resolve supply deficits elsewhere in
our Central region without additional investment.

In addition, we will be increasing the use of our shared supply with Anglian Water at Gratham to
balance supply and demand in our Lee community. Our typical daily use rises from around
30MI/d under normal conditions in AMP6 to 81MI/d (dry year annual average) from 2024, when
our Sundon treatment plant is commissioned. We maximise our licence under peak conditions
in all years of the WRMP planning period.

Figure 5 presents a simplified schematic of our current strategic network in our Central region.
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Figure 5: Our strategic network
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Ofwat recognises that strategic water resources to serve the south and east of England will be
needed in future. Our WRMP selects the Upper Thames reservoir in AMP10. This reservoir will
be outside of our supply region. The most likely entry point for this resource is in the west of our
Central region, in our Misbourne community. It is essential that we have our strategic
infrastructure in place to accept the new strategic resource.

We have an extensive strategic network of infrastructure and non-infrastructure assets. For
example, our Northern Link Main connects our Lee and Stort communities to distribute water
from our sources in the far north of our operating region. We have a large trunk main from
Sundon to Hadham to move Graftham water to our Stort community. We have connections
between our surface water works, three of which are in our Wey community.

Our strategic infrastructure has developed organically over decades due to mergers and
acquisitions of smaller companies in the creation of Affinity Water. Our higher-than-average
population growth and a trend for reducing household occupancy (more single person homes)
has highlighted some restrictions and constraints in our infrastructure. Recent operational
experience, such as the high summer demand in 2018, has demonstrated the capability of our
surface works. For example, we were able to supply South East Water with over 50MI/d
continuously during the summer from our Egham water treatment works to help meet their
customer demand, without affecting our own supply to customers. The normal maximum export
to South East Water is 36MI/d. We have modelled and operationally verified that we have a
surplus at Egham, but do not have the capability in our current infrastructure to move that
surplus north.

Our Supply 2040 programme considers the restrictions in our ability to move water that prevent
us from balancing supply and demand in the most efficient way. At community level, our WRMP
confirms that the solutions proposed in this business case remove these restrictions. At
hydraulic demand zone level, our MISER model confirms the intra-zonal projects allow us to
move the Egham surplus water without restriction within our Pinn and Lee communities.

We will deliver our Supply 2040 programme in a planned and phased way to maintain the
balance between supply and demand. This keeps the impact on customers’ bills as low as
possible. We will use our existing strategic infrastructure where it has enough capacity, with a
modest programme of upgrades and connections. This will give our customers a ‘grid’ without
the high capital cost of a completely new system.

4.1.3 Consequences of ‘do nothing’

This option was rejected as we would be unable to deliver on our balance of supply and
demand, as set out in our WRMP for AMP7 planning period.

4.2 Assumptions

— Where related to an option, our existing assets (pumps, surge protection systems,
strategic mains etc.) are sufficiently sized to integrate with new assets (unless
otherwise stated in the options appraisal).

— The purchase price of land per hectare is based on correspondence with our
appointed land agent, Dalcour Maclaren, and assumes a willing seller.

Supply 2040 Business Case Page 19
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Sufficient land will be available or purchased on which to locate all of the new assets.
Any necessary planning permissions will be granted.
The new trunk mains can be built on the proposed routes.

Delivery of AMP7 sustainability reductions will proceed in line with the planned
programme.

Delivery of the new Sundon conditioning treatment plant by December 2024.

4.3 Constraints

Unforeseen additional costs and risks; limiting project scope and budget.
Limited space on existing sites for new assets.
We are constrained by the amount and cost of additional land available for purchase.

Any suppliers of new technology systems or solutions must ensure that the materials
in contact with water have all been approved by the DWI as per Regulation 31.

We are constrained by the progress of Heathrow’s expansion as our 450mm main
running from Egham to Iver could potentially be diverted and the local network
modified to accommodate Heathrow expansion proposed works.

The existing capacity of the distribution system in terms of flow and pressure is as
we have modelled.

Progressive deterioration of the existing assets over time, which may result in
reduced operating flow or pressure capability.

4.4 Dependencies

Availability of resources from various Affinity Water teams to facilitate the Supply
2040’s progress.

The appointment of competent suppliers to deliver the projects within time and cost
constraints, to the required standards.

We are dependent on support and cooperation from the Heathrow expansion team
to deliver any diversionary works associated with the Egham to lver project.

For later phases of work, we are dependent on the timely selection of a new strategic
supply option(s) for the south east of England.
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5 Options Appraisal
5.1 Options

5.1.1 AMP7: phase 1, release Egham surplus

Requirement

We have a water surplus of 17MI/d at average, 30MI/d at peak, at our Egham surface water
treatment works. This water is in excess of our customer demand in our Wey community. This
surplus cannot be moved north via our existing strategic infrastructure without further
investment. The surplus was operationally verified during the summer of 2018 as we increased
our export to South East Water to 50MI/d without detriment to our customers or infrastructure.

We explored options to move the surplus north from our Wey community into our Pinn
community. lver, our largest surface water treatment works, is in our Pinn community. The
Egham surplus would offset some of the Iver water supplying our Pinn community, freeing up
Iver water to move further north This creates a cascade of water to progress further north
towards our Lee community. We developed strategic options for our WRMP modelling. The
most cost-effective option was to construct a booster and use our existing strategic network.
Additional intra- and inter-zonal schemes are required to make use of this surplus and create a
cascade northward.

Our WRMP model selected the ‘Egham to Iver’ booster project in every scenario at the earliest
opportunity (2022/23).

We modelled the additional import to our Pinn community in our MISER model, which operates
at a more detailed hydraulic demand zone level than our WRMP community-level model. Our
Pinn community will need some network reinforcement to avoid over-pressurising the network
around lver, Blackford and Ickenham. We scheduled this work to complete before the Egham to
Iver booster to prevent bursts and the increased risk of supply interruptions.

With Iver water now capable of being pushed further north, we identified an opportunity to
redirect the water from our North Mymms works in our Lee community. North Mymms has a DO
of 30MlI/d. It sends treated water south into the Pinn community. Iver water freed up from the
Egham surplus can be used to offset North Mymms. North Mymms can then send its water
north, subject to the necessary above and below ground works.

Table 2 summarises the five schemes of phase 1 of Supply 2040 to release the Egham surplus.
We selected them from a range of options to represent best value for customers.

Figure 6 presents the same five schemes on a map of our Central region.

Table 2: Summary of Supply 2040 phase 1 projects to release Egham surplus

Project ID | Project name Outcome

Transfer 17Ml/d (average) surplus from Wey

ST1a Egham to Iver community to Pinn community.

Network reinforcement in Reinforce the existing network to redistribute
ST2 Pinn surface water within our Pinn community with
additional 17Ml/d from Egham.

Removal of network constraint to improve flows

ST5 Arkley North between Pinn and Lee communities.
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Project ID | Project name Outcome
Upgrade pumping station to enable automated
ST6 North Mymms flow control to redirect flow north into our Lee
community.

Booster to make greater use of North Mymms

ST9 Bulls Green to Preston water further into our Lee community.

T4T

Reservair

Source

Booster

Water main
Community boundary

o

Blacks Existing ssset
Red: Supply 2040 AMPT schemes

Figure 6: Map of Supply 2040 AMP7 phase 1 projects to release Egham surplus
Options appraisal: phase 1, Egham to Iver

‘Do nothing’ is not an option, as we will be unable to meet the supply / demand balance. This
was explored further in section 4.1.3.

We identified six options to transfer the surplus at Egham. Four of these options facilitate the
transfer with the proposed Heathrow expansion. See Table 3.

This project is complicated by the planned expansion of Heathrow airport. A 450mm strategic
main transfers water from our Wey community to our Pinn community. It is within the site of the
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(]

32



AFW Securing Cost Efficiency Appendices

()

Affinity Wate

airport expansion. We expect to be requisitioned for a diversion for the duration of construction.
The Heathrow developer anticipates construction between 2022 and 2026. For this period, we
will be unable to use our 450mm strategic main. Consequently, we have explored alternative
options with the Heathrow developer, and have identified these options in Table 3. We await the
developer’s requisition and will respond accordingly.

Table 3: Supply 2040 phase 1 costs, Egham to Iver

Opigon Description Discussion Decision Cost, £k
This is our
Use of existing 450mm - . . recommended option
main plus new booster Existing main has capability to for AMP7. High
1a transfer the surplus, but a ) 972.9
to transfer 17Ml/d booster is needed 1o pump it benefit (per Ml/d) for
average / 30MI/d peak pump . relatively low capex
costs.
A new booster (per 1a) As option 1a b.Ut improving the Assuming reduction of
. transfer capacity of the pipe
plus reinforcement of South East Water
existing 450mm main network to move greater export and / or
1b volumes of water. South East . 18,881.4
(8.2km of 800mm) to Lo increase of surface
Water has indicated they may
get future transfer . . works DO, proposed
capability (up to 50MU/d) | F€duce their need for their option for AMP8
Egham import in future. ’
Not a viable option as
Do nothing now and In detailed discussions with supply / demand
delay construction of Heathrow developer, but not balance will be in
booster and new yet sure what requisitions will deficit. Continue
2a diverted pipeline to after | be made. ‘Do nothing’ means discussions with 0
Heathrow expansion surplus remains at Egham and | Heathrow developer to
works are complete cannot balance supply and mitigate the risk of
(see section 6) demand. stranded assets post-
expansion.
The proposed route is
challenging and expensive due
to motorway crossings and the
a.v0|dancelof obstacles (e.g. Agreed with Heathrow
. . river crossings). The route lays .
Western diversion of S , developer that this
: the main in Thames Water’s o .
450mm (14km) main to . option is not viable, so
2b area. The construction ) 43,400.0
allow for Heathrow . will not be progressed.
. programme is longer than :
expansion Other options to be
Heathrow could allow. We exolored
would be left with an P ’
undesirable asset,
inaccessible for sections of the
route.
Booster station site plus | \yiy meet the immediate Likely to be the
reinforcement at . .
minimum pipe size supply/ demanq requ[rements proposed solution
(14km of 450mm) to the but is not sustainable in the when we are
2c long term if a greater surplus requisitioned for a 19,955.9

east to accommodate
Heathrow expansion
2022 to 2026 (17Ml/d
average)

of water becomes available in
our Wey community. More
expensive than option 1a.

diversion. Heathrow to
pay the appropriate
contribution.
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Oplgon Description Discussion Decision Cost, £k
Booster station site plus | Accounting for Heathrow's
shorter reinforcement of | expansion, this meets current | Will explore betterment
larger diameter (13km needs and flexible to further costs in conjunction

2d of 600mm) to the east to | increase transfer capacity. with South East 34.974.9

allow for future phases Dependent on South East Water’s needs closer T
of supply (30MI/d Water’s reliance on our Egham | to the time of
transfer) - booster export and/or additional water | requisitioning.
allowance for upgrade from our surface works.

Options appraisal: phase 1, network reinforcement in Pinn

‘Do nothing’ is not an option, as we will be unable to make use of the surplus water within our
Pinn community. This was discussed further in section 4.1.3.

We identified three options to make use of the additional water in our Pinn community, realised
by the Egham to Iver transfer. See Table 4.

Table 4: Supply 2040 phase 1 costs, network reinforcement in Pinn

Oplgon Description Discussion Decision Cost, £k
Dedicated main Iver to Ickenham, | This option has a
. new strategic main. Existing slightly lower opex cost
New main, Iver to . . .
network is at capacity during than Blackford to
1 Ickenham, 10.5km of K i i Ickenh h 30,757.8
200mm peak conditions, so infrastructure Ickenham as the route
needed to make use of surplus at | is slightly shorter, but a
Iver created by Egham. much higher capex.
Controlled export between
existing strategic mains from This is our
Blackford to Ickenham. Existing
: - recommended
. network is at capacity in peak -
New main, Blackford conditions. so infrastructure option. The same
2 to Ickenham, 3.8km ’ benefits are derived as | 10,678.0
needed to make use of surplus at
of 700mm the lver to Ickenham
Iver created by Egham. The route . T
. ; option, for significantly
is longer than a dedicated lver to |
. ; ower capex costs.
Ickenham main, so marginally
higher pumping costs.
The network is at
Upgrade Ickenham Upgrade the pumps to push more | capacity in peak
booster pumping water using the existing network. | conditions. The
3 station and Harefield | Will work under average pressure rating of the 30,000.0
High Lift, no network | conditions where there is capacity | pipe would be
reinforcement in the network. exceeded. Not a viable
option.

Options appraisal: phase 1, Arkley
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We have three strategic storage reservoirs at our Arkley site. The water in these storage
reservoirs is used to meet customer demand to the south of our Pinn community. With Egham
and lver water released, we want to push Arkley north. The hydraulic gradient of the network at
Arkley creates a restriction that needs to be removed.

‘Do nothing’ is not an option, as we will be unable to make use of the surplus water within our
Pinn community. This was discussed further in section 4.1.3.

The solution to remove the network restriction is to lay a short section of new mains. The
existing mains are 30 inch cast iron. We would lay 700mm ductile iron. We identified the
shortest possible route of c. 80m, with as much of the route in our land as possible. The cost of
this option is estimated to be £664.0k. Other routes would be longer and therefore more
expensive.

Options appraisal: phase 1, North Mymms

‘Do nothing’ is not an option, as we will be unable to divert surplus water at our North Mymms
treatment works north into our Lee community, offsetting some of our groundwater sources.
This was discussed further in section 4.1.3.

We identified two options to divert North Mymms water north. See Table 5.

Table 5: Supply 2040 phase 1 costs, North Mymms

Oplgon Description Discussion Decision Cost, £k
New booster Pushes Arkley water north Will reduce the output from
X . but only to North Mymms North Mymms and unable
1 pumping station at . . 983.8
Arkley works. May restrict flow from | to push Watelf north into our
the sources at North Mymms. | Lee community.
New control valve, hardware
Uparade of existin and software. Provides the This is our recommended
bc?c?ster umpin 9 ability to push both North option. Lower cost option
2 station aFt) NoEthg Mymms sources and Arkley and enables northward 902.7
Mymms water north into our Lee distribution of surplus into
Y community with automated our Lee community.
bi-directional control.

Options appraisal: phase 1, Bulls Green to Preston

‘Do nothing’ is not an option, as we will be unable to make better use of North Mymms water
within our Lee community. This was discussed further in section 4.1.3.

We identified three options to make use of North Mymms water in our Lee community. See

Table 6.

Table 6: Supply 2040 phase 1 costs, Bulls Green to Preston

Oplgon Description Discussion Decision Cost, £k
New dedicated trunk Option is a main dedicated to | Very high capex costs.
1 main plus booster pushing water north, no Option bypasses Preston | 80,000.0
pumping station to change to existing strategic reservoir (costly to include
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Oplgon Description Discussion Decision Cost, £k
push from Bulls Green | network. Allows us to offset and control) and reduces
to Sundon, 27km of Grafham and supply Luton operational flexibility to
700mm from a cascade of water at export water east
our surface works in the compared to other two
south of our Central region. options.
New dedicated trunk Option is a main dedicated to
main plus booster pushing water north, no High capex costs. Case
5 pumping station to change to existing strategic for a third strategic main 22 600.0
push from Bulls Green | network. Direct connection to | when capacity exists in T
to Preston, 12.3km of | Preston. Allows us to export existing network is weak.
630mm water east.
Makes use of existing This is our
New booster pumping capacity in our strategic recommended option.
3 . network. Booster allows the We have two strategic
station to push from K to be bi-directional | mains from Bulls Greento | 9257
Bulls Green to Preston network to be ectiona ains from Bulls Green to
(currently only moves water Preston that have
south). sufficient capacity.

Best value option: AMP7 phase 1, release Egham surplus

The best value combination of options for phase 1 to release the 17Ml/d surplus at Egham is:

Egham to Iver: ST1a, use of existing 450mm main plus new booster

Network reinforcement in Pinn: ST2, Blackford to Ickenham trunk main

Arkley North: ST5, remove network restriction by laying c. 80m of trunk main

North Mymms: ST6, upgrade of existing booster pumping station at North Mymms

Bulls Green to Preston: ST9, new booster pumping station Bulls Green to Preston

5.1.2 AMP7: phase 1, Lee community supply / demand

Requirement

The majority of our chalk abstractions in our Central region are in our Misbourne, Colne and Lee
communities. We delivered sustainability reductions at Friars Wash in 1993. By the end of

AMP5, we completed 21MI/d of sustainability reductions. We have already met our AMP6 target
to reduce our abstractions by 42.09Ml/d (at average) in our Central region.

We have become reliant on imports and inter-zonal transfers to meet customer demand, notably
in our Misbourne, Colne, Lee and Stort communities. In our Lee community, in AMP6, we
delivered 25.27MI/d of sustainability reductions. We will deliver a further 15.9MI/d of

sustainability reductions in our Lee community in AMP7. As a result, we have insufficient

resources within the community to meet demand. We balance supply and demand by relying on
imports from the neighbouring Misbourne community and, increasingly, Grafham via Sundon.

We estimate that 19,000 properties receive Grafham water on a daily basis under average
conditions in AMPG6. This will rise to 24,000 properties by the end of AMP7 as a result of further
sustainability reductions and anticipated growth. Under peak conditions in a dry year, the
corresponding figures are 111,500 properties (end of AMP6) and 122,000 properties (end of

Supply 2040 Business Case
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AMP7). The pumping costs to cascade the water northwards from surface works on the Thames
to the far north of our Central region are cost beneficial. We will be unable to meet customer
demand in our Lee community if the Grafham import is not available.

Our WRMP requires the increasing use of the Grafham import to balance supply and demand.

Grafham is restricted by its water quality. We have had undertakings in previous AMPs. Under
the ‘no deterioration’ principle, we have been restricted to supplying Grafham water only to
areas that have previously received it. As noted in our revised draft WRMP, although the import
has a capacity of 91Ml/d, the benefit it has to water available for use is only 50MI/d and has
effectively been limited to this value since before privatisation. This constraint is reflected in our
baseline modelling for our revised draft WRMP. Our AMP7 investment portfolio includes the
construction of a treatment plant at Sundon to remove the restriction on our use of Grafham. On
completion of our Sundon treatment plant in 2024, we maximise our use of Grafham under dry
year annual average conditions.

We have insufficient headroom in our groundwater sources and our limited storage is
inadequate to meet customer demand in the event of an outage of Gratham. Our Lee
community is also set to experience an above average population growth.

A booster to move water north from Preston to Sundon (freed up by the cascade initiated by the
surplus at Egham) ensures we maintain the supply / demand balance in the event of an outage
at Grafham. Our existing strategic mains have the capacity to transfer more water, so no further
investment is needed. Our early working proposals included for a new reservoir at Sundon as
strategic storage to balance supply and demand. Through our optioneering, we identified that
new cells at our existing reservoirs at Chaul End and Preston would be cheaper and provide
greater operational flexibility in the event of an outage or burst on our strategic mains network
within our Lee community, while providing the same benefits to the supply / demand balance.
Their completion is scheduled to coincide with Sundon’s commissioning. These new cells are
included in our Supply 2040 programme.

Table 7 summarises the three schemes of phase 1 of Supply 2040 to address our Lee
community’s supply / demand balance. Figure 7 presents the same three schemes on a map of
our Central region.

Table 7: Summary of Supply 2040 phase 1, Lee community supply / demand

Project ID | Project name | Outcome
Booster to push water north and west into the Lee community where
ST10 Preston to a cascade has been created by Egham surplus (projects ST1a, ST2,
Sundon ST5, ST6 and ST9). Also provides bi-directional flow via existing
strategic main.
New cell at our existing site. Provides storage for surplus water
transferred into our Lee community from the Egham to Iver cascade.
ST13 Lee storage Sized to provide 24 hours storage to restore supply resilience for
(Chaul End) customers, eroded as a consequence of sustainability reductions.
Provides operational flexibility in the event of an outage at Grafham
or Sundon.
New cell at our existing site. Provides storage for surplus water
ST14 Lee storage transferred into our Lee community from the Egham to Iver cascade.
(Preston) Sized to provide 24 hours storage to restore supply resilience for
customers, eroded as a consequence of sustainability reductions.
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Project ID | Project name | Outcome

Provides operational flexibility in the event of an outage at Gratham
or Sundon.

Reseragir

Source

Booster

Water main
Community boundary

f
~ PN

Black: Existing asset
Red: Supply 2040 AMPT schemes

Tighsm WTW

Figure 7: Map of Supply 2040 AMP7 phase 1 projects, Lee community supply / demand
Options appraisal: phase 1, Preston to Sundon

‘Do nothing’ is not an option as we will be unable to move water from the eastern part of our Lee
community (Stevenage) to the west (Luton).

We identified two options to facilitate the movement of water further west into our Lee
community. See Table 8.

Table 8: Supply 2040 phase 1 costs, Preston to Sundon
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Oplgon Description Discussion Decision Cost, £k

New main dedicated main | Option to twin an . i
(14.6km of 630mm) and existing main. Booster Would provu':ie additional

1 . . redundancy in the event of | 26,663.7
new booster to push from | would provide bi- a burst. Much higher capex
Preston to Sundon directional flow. ) 9 pex.
New booster pumping .
station to push from Booster would provide Lower capex an_d proIV|c.ies

2 . RN the same benefit. This is 946.3
Preston to Sundon using | bi-directional flow. :
existing main our recommended option.

Options appraisal: phase 1, Lee storage

‘Do nothing’ is not an option, as our customers will continue to be exposed to greater levels of
risk caused by many AMPs of sustainability reductions. This was discussed further in section

4.1.3.

We identified two options to make use of the additional water in the south of our Lee
community, realised by the Egham to Iver transfer and subsequent cascade north.

Table 9: Supply 2040 phase 1 costs, Lee storage

Oplgon Description Discussion Decision Cost, £k
New storage 6OMI based on 12 hours of Would provide supply
- . ’ storage for flow of 109Ml/d L .
similar size to continuity of supply in the
o . (peak) from Grafham.
reduction in daily . event of an outage at
1 . 60MI/d provides approx. 24 ) 14,916.4
licence at Sundon Grafham, but not if a problem
hours storage for our .
at the new . occurred in the network south
oL typical use of Grafham
conditioning plant " of Sundon.
under average conditions.
This is our recommended
20MI at Chaul End and option. Lower capex cost than
12MI at Preston. In- larger reservoir at Sundon.
combination benefit with Significant additional benefit to
Additional reservoir | existing storage provides enable existing single-celled 6,214.6
2 cells at existing similar benefit to single cell | reservoirs at Chaul End and +
sites at Sundon. Permits storage | Preston to be taken out of 4,278.3
of water transferred from service for planned inspection
the south of our Lee and maintenance without
community. increasing the risk to
customers.

Best value option: AMP7 phase 1, Lee community supply / demand

The best value combination of options for this phase is:

— Preston to Sundon: ST10, new booster pumping station using existing main

— Chaul End storage: ST13, 20MI cell at existing site

— Preston storage: ST14, 12Mil cell at existing site

Supply 2040 Business Case

Page 29

39



AFW Securing Cost Efficiency Appendices

b
Affinity Wate

5.1.3 AMP8: phase 2

Once the strategic regional resource(s) is decided, we can prepare our network to receive the
import. We assume an entry point in the west of our region, likely our Misbourne community, for
the Upper Thames reservoir. We will ensure we can move the imported water north and east to
our Lee and Stort communities, where deficits are expected to increase (please refer to Figure
3). We have explored the infrastructure options that would be needed to move the necessary
volumes to meet customer demand across our Central region.

We will continue our discussions with South East Water about their longer-term use of the
export we provide from our surface water works at Egham. South East Water has indicated they
may not need as much in future if their demand management programme is successful. We
would ensure our strategic infrastructure is sized to move any additional surplus water north to
balance supply and demand. We have developed outline designs for the options that would
allow us to make use of surpluses up to 40MI/d (average) at our Egham works.

5.1.4 AMP9: phase 3

We will continue the works necessary to make use of the new strategic supply solution(s) to
balance supply and demand across our Central region.

The AMP8 and AMP9 projects carry uncertainty as the scope will be dependent on the new

strategic supply option(s). We have developed our Supply 2040 programme with sufficient
flexibility, so we can adapt our approach when decisions are made in the future.

5.2 Cost Benefit Analysis

We built cost estimates for each option in our Supply 2040 programme using our cost models.
We have cost models for different types of assets. In developing cost estimates for all items in
our AMP7 investment portfolio, we have:

— Analysed and utilised final account project costs from AMP5 and AMP6, rebased to
financial year 2017 /18, to derive unit costs.

— Carried out benchmarking exercises to ensure that costs produced align with
framework contracts and accessible outturn cost data.

— Used costs to build 260 cost models for different types of assets, estimate over
12,000 individual unit costs and derive cost curve formulae used to price the projects
in our Business Plan.

— Had our costs independently audited and benchmarked by Atkins Limited and
PricewaterhouseCoopers. Our Board and Customer Challenge Group were provided
with their due diligence and risk report.

Further information on our approach to costing is presented in section 8.2 of Appendix 6 of our
Business Plan, the Wholesale Technical Support Document.

We have explored options for each component of our Supply 2040 AMP7 programme. We have
justified the best value option in each case to build our proposed programme of work. We have
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identified opportunities to make use of our existing strategic infrastructure, proposing to
reinforce only where it is at capacity.

Our proposals for AMP8 and AMP9 are dependent on the timely decision for a new strategic

water resource(s) for the south east of England. We have assumed a key decision point in
2023. We will review and revise our proposals for AMP8 and beyond after this decision point.

5.3 Recommendation

Our Supply 2040 programme was constructed from a clear need to make use of the surplus at
our Egham surface works, as selected in our PR19 WRMP.

We have explored multiple options to achieve our aim to ensure our available water resources
(supply) meet our customers’ needs (demand) in our Central region. We have kept costs low by
creating a grid from our existing strategic infrastructure.

We have a key date in 2023 when we will know more about the strategic supply option(s) that
will be needed in the next five to 15 years.

We are seeking funding for the AMP7 projects of our Supply 2040 programme. Table 10
presents a summary and costs of the eight projects of our Supply 2040 AMP7 programme,
totalling £25,583.4m.

The costs associated with our AMP7 Supply 2040 programme are not double-counted with any
other related programmes, such as our WRMP, sustainability reductions or Sundon
conditioning.

Our Supply 2040 programme for AMP8 onwards will be reviewed and adjusted as necessary to
accommodate the strategic water resource option(s).

Supply 2040 Business Case Page 31
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Phase

Project
ID

Project name

Outcome

Cost, £k

ST1a

Egham to Iver

Transfer 17MI/d (average) surplus from
Wey community to Pinn community.

972.9

ST2

Network
reinforcement in
Pinn

Reinforce the existing network to
redistribute surface water within our Pinn
community with additional 17MI/d from
Egham.

10,678.0

ST5

Arkley

Removal of network constraint to improve

flows between Pinn and Lee communities.

664.0

ST6

North Mymms

Upgrade pumping station to enable
automated flow control to redirect flow
north into our Lee community.

902.7

ST9

Bulls Green to
Preston

Booster to make greater use of North
Mymms water further into our Lee
community.

926.7

ST10

Preston to
Sundon

Booster to push water north and west into
the Lee community where a cascade has
been created by Egham surplus (projects
ST1a, ST2, ST5, ST6 and ST9). Also
provides bi-directional flow via existing
strategic main.

946.3

ST13

Lee storage
(Chaul End)

New cell at our existing site. Provides
storage for surplus water transferred into
our Lee community from the Egham to
Iver cascade. Sized to provide 24 hours
storage to restore supply resilience for
customers, eroded as a consequence of
sustainability reductions. Provides
operational flexibility in the event of an
outage at Gratham or Sundon.

6,214.6

ST14

Lee storage
(Preston)

New cell at our existing site. Provides
storage for surplus water transferred into
our Lee community from the Egham to
Iver cascade. Sized to provide 24 hours
storage to restore supply resilience for
customers, eroded as a consequence of
sustainability reductions. Provides
operational flexibility in the event of an
outage at Gratham or Sundon.

4,278.3

* Please note, sum total is correct, project costs are rounded to the nearest £k.

25,583.4*

Supply 2040 Business Case
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6 Risks and Issues

We are in detailed discussions about the planned Heathrow expansion. We are using our
existing strategic infrastructure to move the Egham surplus via the new booster (scheme ST1a).
We expect to be requisitioned for a diversion, as a minimum for the duration of construction. We
are uncertain of the timing at this stage. We will continue to work with the scheme’s developers
as they firm up plans. We expect the costs of the diversion to be funded by Heathrow.

We identify the delivery related risks to the programme with our proposed mitigation in Table 11.

Table 11: Delivery risks and mitigation

Risk/lssue

Mitigation

Disruption to local community whilst
construction works are ongoing.

Careful planning of works to minimise
disruption. Stakeholder engagement. Good
communication with customers and
communities and to keep informed of works and
manage situation.

Additional land purchase, easements and
permissions / consents are required to allow
construction of required assets.

Early identification of routes for new mains to
minimise risk and disruption required. Any land
purchase or easements required to be identified
early in concept phase and supporting resource
made available to progress.

Timescales for procurement of equipment and
installation and other operational outages.

Detailed programme planning to ensure works
are planned in advance and other planned
operational outages are considered.

Power requirements for new / modified assets
not met and require upgrading, as found to be
insufficient during project definition phase.

Early designer / contractor involvement to
ensure requirements are understood as early as
possible. Potential to look at
alternative/renewable energy options where
appropriate.

Additional modelling / detailed investigations
lead to increase in scope / costs.

Ongoing engagement with modelling teams and
stakeholders.

Getting the right people in the project team with
correct skill set to deliver best value option
within time and budget whilst ensuring quality.

Programme Manager to identify required
resources early to ensure correct team in place
with correct skillset for effective and efficient
delivery.

Page 33
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7 Procurement Strategy

We will follow our normal procurement strategy. Our procurement procedures ensure
compliance with statutory requirements of the European Union, Ofwat and other legislation.

We have Framework Agreements in place with Principle Contractors for the design and
construction of mechanical, electrical and civil engineering works for above and below ground
assets. We also have Framework Agreements in place with Tier 2 suppliers for the provision of
pumps, valves, pipework, security etc. to encourage standardisation and cost certainty. We
continue to refine our procurement approach to take advantage of best practice. We regularly
review the most cost-effective way procuring projects. We consider:

— Early engagement beginning in the concept stage to drive innovation;

— Grouping projects to benefit from economies of scale;

— The use of incentivisation in contracts, to achieve early completion and lower project
costs;

— Competitive tendering (where appropriate) and key performance indicator driven
allocation to improve the level of competitive tension.
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Appendix AFW.CE.A1.3
Action ref AFW.CE.A1

Catchment management: Drinking Water Quality Plans
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1 Document Purpose

The purpose of the Project Business Case is to describe the reasons for the project and the
justification for undertaking it, based on the estimated costs of the project, the expected business
benefits, savings and risks.

The Business case will also present all the options that have been assessed to deliver the project
outcome and will indicate the preferred option out of all considered.

During the project a Business Case is a major controlled document that is referenced on a regular
basis to ensure and confirm that the project remains viable. It is maintained throughout the
lifecycle of the project, being reviewed by key stakeholders at key decision points, i.e. at the end
of a phase.

2 Executive Summary
2.1 Introduction

The Drinking Water Inspectorate (DWI) quote in the Water Safety Plan guidance document: "The
quality of raw water is a key element for any drinking water supply system. Water use, land use
and polluting human activity in the catchment area have significant impacts on surface and
groundwater quality, and thus the level and complexity of treatment plant necessary to ensure
that the water leaving the works is safe and acceptable to consumers. Understanding catchment
characteristics and/or activities potentially impacting on raw water quality and availability is thus
of paramount importance to ensuring drinking water safety."

The Drinking Water Quality Plans catchment management project was initially established in 2010
to undertake a detailed risk assessment of the land use within our water catchments known as
Source Protection Zones for 116 Affinity Water groundwater sources. The Catchment Team has
developed and refined the catchment risk assessment process through AMP5 and AMPS6 in line
with DWI guidance on the development of Water Safety Plans. The outputs from this project are
used to define the Water Industry National Environment Programme (WINEP) water quality
investigations through the ‘no deterioration’ driver of the Water Framework Directive (WFD).

This document sets out the justification for proposed continuation and enhancement of the
Drinking Water Quality Plans catchment management for AMP7.

2.2 Drivers

Drinking Water Safety Plans (DWSP) are a mandatory business regulatory requirement under
Regulations 27 and 28 of Water Supply (Water Quality) Regulations 2016 and this project has
been developed to facilitate the 'Catchment' element of the DWSP for Affinity Water. This project
provides an internal lead on pollution investigations that pose a risk to public water supply and
provides relevant information to support business and operational decision-making both in
incident response and subsequent source/pathway investigation. The project will also require
liaison with Environment Agency and other key stakeholders on matters posing actual or potential
risk to water quality and meets the requirements stipulated by the DWI set out in the 'DWI
Guidance Note: Long term planning for the quality of drinking water supplies' issued September
2017 (Appendix 2).

e Outputs of this project define Affinity Water's WFD ‘no deterioration’ investigations for the
Water Industry National Environment Programme (WINEP) for AMPS8.

51
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e Collaborate with multiple agencies (EA, Local Authorities) to identify the polluter(s) and
seek to recover costs to our customers under the Polluter Pays Principle (e.g. Chromium
impacting WHSD, Cryptosporidium affecting EGHS and HWFS and Bromate impacting on
ESSE).

o To meet the regulatory requirement for Drinking Water Safety Plans (catchment element)
under Regulations 27 and 28 of Water Supply (Water Quality) Regulations 2016.

o To provide greater resilience to our assets through proactive risk assessment, pollution
incident response and mitigating the risks posed by major land use change.

e Support the achievement of Customer Outcome 3: supplying high quality water that
customers can trust.

o To meet the expectations specified in the DWI Guidance Note: Long term planning for the
quality of drinking water supplies issued September 2017.

e Provide catchment intelligence to support business and operational decision-making both
in incident response and subsequent source/pathway investigation and investment
options appraisals.

e Assess the risk to public water supply of developments within our Source Protection
Zones, provide technical support/guidance to developers/consultants and coordinate
technical responses for planning applications focusing on water quality risks to ensure
appropriate mitigations are implemented or objections raised (including highlighting risks
to the business internally).

2.3 Best value option

Option 3 - DWQP catchment management enhanced revised based on efficiencies agreed
by Steer Co.

The revised ‘Enhanced’ option for developing and implementing catchment-focused Drinking
Water Quality Plans includes a continuation of the current DWQP catchment survey and risk
assessment approach for 116 catchment survey and risk assessments for our groundwater
sources and the Lower Thames surface water catchment (focus on pesticides, nutrients and
cryptosporidium risk). The best value option is an enhancement of this approach, with
development of a refined and dynamic risk approach which continually reviews and revises the
risk assessments and communicates the outputs to the business and our regulators.

This option also includes provision to develop and implement action plans to proactively
investigate issues (e.g. contaminated land, long term pollution incidents) and work with multiple
agencies to seek recovery of costs under the Polluter Pays Principle (e.g. chromium impacting
WHSD, cryptosporidium impacting River Thames abstractions).

The best value option has been selected as it provided the best cost benefit alongside meeting
regulatory expectations and providing greatest value to the business. It has been developed
based on proactive approach to current and future point source pollution risks (e.g. WHSD
Chromium, Cryptosporidium impacting River Thames abstractions) and work to identify and seek
recovery of costs from the polluter, and where possible, in-catchment remediation options that
reduce the need for future treatment investment and reduce ongoing opex costs in dealing with
pollution.

In addition to carrying out the programme of catchment risk assessments, the scope of this project
includes:

52
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¢ |dentifying, assessing and responding to planning applications that may pose a risk to
water quality.

e Responding to, investigating and acting as liaison between AWL and other stakeholders
for pollution incidents notified through the Environment Agency POLWARN process.

e Working with landowners, developers and consultants on mineral extraction, fracking,
contaminated land remediation and communicating to AWL to inform operational and
investment decisions.

e Developing action plans where significant risks or increasing trends in water quality risk
based on the outputs of the catchment risk assessments.

o Developing and working within AWL to implement pollution prevention and mitigation
guidance (e.g. following burst mains) within Wholesale Ops and Asset Delivery.

¢ |dentifying and assessing future risks to water quality (e.g. new or reformulated pesticides)
and developing monitoring protocols.

This project aims to develop a stronger understanding of the catchments we operate in and
develop positive working relationships with landowners, developers, Local Authorities, regulators
and our communities to mitigate the risk of present and future issues affecting our ability to supply
wholesome drinking water.

There is an expectation from Defra, DWI and the EA for water companies to increase their focus
on catchment management and incorporate this into the long-term planning for managing water
quality in line with the Water Framework Directive (WFD). Article 7 of WFD stipulates a move
away from end of pipe treatment solutions to managing risks and issues at the source. This option
facilitates the development of catchment action plans where emerging risks are identified to
further investigate catchment based solutions to support options appraisal for future catchment
pollution mitigation schemes.

By developing a better understanding of the catchments that supply raw water to our assets and
the land use that poses a risk to water quality, this project facilitates moving from a reactive
approach (treatment, blending and imports) to a proactive approach of identifying and mitigating
pollution risks at the source providing a greater level of resilience for our treatment and
distribution.

This project will utilize a range of emerging technologies such as remote sensing and satellite
imagery as well as reviewing long term trends in water quality to identify risks to public water
supply and support options appraisal for both treatment investment and catchment mitigation
plans.

2.4 Cost summary table

Table 1 Costings for the Preferred Option
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Preferred Y1 Y2 Y3 Y4 Y5 Y10 Y20
Option:

Costs £100,000 | £135,000 | £135,000 | £135,000 | £100,000
(capex)

Costs £15,000 |£15,000 |£15,000 |£15,000 |£15,000
(opex)
Total costs | £115,000 | £150,000 | £150,000 | £150,000 | £115,000 | £0 £0
(capex, risk
+ opex)

Total
revenue

Funding £115,000 | £150,000 | £150,000 | £150,000 | £115,000 | £0 £0
requirement
(capex +
opex —
revenue)

NPV (£k) -83.6 -145.6 -145.6 -149.6 -99 -248 278

Please see section 4.3 for commentary around the NPV assessment.

2.5 Customer benefits and resilience benefits

The primary purpose of this investment is meet our mandatory business regulatory requirement
to develop source to tap risk assessments under Regulations 27 and 28 of Water Supply (Water
Quality) Regulations 2016. In addition, the Drinking Water Quality Plans.

e Pro-actively investigates pollution risks, impacts of development and major land use
change to reduce the impact to Affinity Water and its customers from current and future
incidents (e.g. Buncefield, HATR, WHSD).

o Develops a better understanding of our catchments where raw water is sourced including
the risks identified and appropriate mitigation measures.

o Supports a longer-term strategy of reducing diffuse and point source pollution at the
source in order to prevent further deterioration of water quality and associated treatment
needs/costs.

e Supports achievement of Customer Outcome 3: Supplying high quality water that
customers can trust.

e Supports achieving our performance commitment ‘Water Quality Compliance, Compliance
Risk Index (CRI)’ target performance.

¢ Informs the operational monitoring programme to ensure effective monitoring protocols
and frequencies for a range of pollutants including appropriate timing for monitoring.

¢ Long term objective of reducing capex and opex costs for future treatment investment and
ongoing operational costs.

e Changing our approach to managing pollution risks from reactive to proactive.

|
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2.6 Methodology

The development of DWSP's is a legal requirement regulated by the Drinking Water Inspectorate
(DWI). The DWQP catchment management project has been developed as a rolling programme
of land use surveys, long term (minimum 10 years) water quality trend analysis and risk
assessments for every source carried out every 5 years (as a minimum), or if an incident or major
change in land use has occurred.

The methodology has been under continual development since 2010 and has been developed
using a combination of guidance from the DWI as shown in Appendix 3, experience gained during
AMP5 and AMPG6, exploration of available technologies (e.g. satellite imagery) and liaison with
other water companies. The current methodology which has been used to define this project is
documented in AM739 - DWSP Catchment Survey and Risk Assessment Methodology (Appendix
4). Current pollution risks and emerging trends in water quality identified during the AMP6 DWSP
project (P019405) have been utilized to support development of Water Industry National
Environment Programme (WINEP) investigations and schemes delivered under the Water
Framework Directive (WFD) and support operational decision-making both for capital investment
and during pollution events.

(]
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3 Defined Need and Dependencies
3.1 Defined need

The Drinking Water Quality Plans catchment management project was initially established in 2010
to undertake a detailed risk assessment of the land use within our water catchments known as
Source Protection Zones for 116 Affinity Water groundwater sources. The Catchment Team has
developed and refined the catchment risk assessment process (Appendix 4) through AMP5 and
AMPG6 in line with DWI guidance on the development of Water Safety Plans (Appendix 3). This
project sets out the business case for continuation of this with a further risk assessment of each
source which is currently undertaken on a 5-year rolling programme, or where an incident or major
change in land use has occurred. There is also a need for coordination in investigating pollution
events including: current pollution incidents, historic groundwater contamination and emerging
pollution trends. The impacts of such events pose a significant risk to public water supply and can
also incur significant long-term costs for our customers and reduce resilience of our supply. This
project also sets out the business case for proactive investigation of these issues to seek recovery
of costs and effective mitigation measures under the Polluter Pays Principle.

3.2 Assumptions

e DWSPs will remain a mandatory requirement

e The outputs of Drinking Water Quality Plans project will be used to define the WINEP WQ
investigations for AMP8

e The business will implement the new online DWSP reporting tool currently commissioned by
Water Quality Services.

e Current guidance and requirements for DWSPs will remain consistent.

e The catchment element of water safety planning responsibility will sit within Asset Strategy
providing outputs to Water Quality Services.

3.3 Constraints

e Water companies are not a statutory consultee within the planning process. We will work
alongside AW's Spatial Planner to proactively identify planning applications with the potential
to impact on water quality.

o Lack of relevant information provided in a timely manner by the competent authority for
environmental protection, local authorities and other key stakeholders limiting ability to
proactively respond to pollution incidents, contaminated land investigations. This will be
managed through regular engagement with the EA groundwater and contaminated land
teams. Where required, the Catchment Team will work with the Legal Services Team to submit
Freedom of Information Act requests where data/information is not forthcoming.

e Current NPV assessment does not include an assessment of Natural Capital and the outputs
will not reflect the additional value derived from this scheme.
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3.4 Dependencies

e Working alongside Water Quality team to provide outcomes of catchment risk assessments
to support treatment and distribution risk assessments. The Catchment Team has regular
liaison meetings with Water Quality Services and work is ongoing in AMP6 to align DWSP risk
assessment processes.

e Identifying effective, high quality remote sensing technology to advance the land use risk
assessment. The Catchment Team have purchased remote sensing consultancy services,
purchased land cover data and are building experience on other remote sensing techniques.

e Working with the GIS Team (Internal) to process remote sensing and other GIS related
datasets. Where additional expertise is required in data purchasing, processing and
interpretation is required, we have worked with specialist consultancies who could provide this
service as required. There is an option to recruit a specific internal resource if there is a need
across other projects/programmes.

e Collaborative working arrangements with neighboring water companies e.g. upstream
pollution risks and biosolids spreading in groundwater catchments. The Catchment Team
work closely with neighboring water company catchment teams and meet regularly to discuss
water safety planning and other catchment management activities.

|
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4 Options Appraisal
4.1 Approach

All schemes and investigations within the Environmental Enhancements programme were defined
through their respective regulatory driver(s) and aligned to the associated customer outcome(s)
and business need. Each scheme/investigation then underwent an options appraisal exploring
the mitigation options, costs and resource requirements to address the need and meet the
associated regulatory requirements. This appraisal was supported by the business requirements
MoSCoW method documented in Appendix 13.

Several options were developed for each scheme/investigation using a bespoke WINEP Unit Cost
Model for PR19 developed for the Environmental Enhancements programme by consultants Mott
McDonald. The Unit Cost Model compiled all unit costs and staff hours for catchment
management projects based on historic proposals and quotes from schemes and investigations
delivered during AMP6. The ‘Project build’ tool incorporated into the model enabled the user to
build up an estimate of the total project cost using pre-defined 'tasks' from drop down menus. The
number of 'units' against each task was inputted, which produced a cost for each of the option
developed per scheme/investigation. An audit trail was prepared for contractor and other (e.g.
infrastructure and farmer incentive payment) unit costs. All costs are including company
overheads. They are then indexed to 17/18 price base (an uplift of 15%). The detailed cost model
for each scheme can be provided on request. All files that provided evidence of the unit costs
were subject to an internal audit to check their accuracy.

The Unit Cost spreadsheet for each option in this business case is available in Appendix 1.

4.2 Options

Table 1 Costings for the options appraisal

Option 1 Option 2 Option 3
Year 1 £150,000.00 | £96,522.00 | £100,000.00
Year 2 £196,000.00 | £96,522.00 | £135,000.00
Year 3 £196,000.00 | £96,522.00 | £135,000.00
Year 4 £201,000.00 | £96,522.00 | £135,000.00
Year 5 £164,300.00 | £96,522.00 | £100,000.00

4.2.1 Do nothing

The do nothing option will not proceed with the Catchment element of the DWSP process in AMP7
and rely on risk assessments and supporting information from AMP6 to feed into the next stages
of Water Safety Plans.

Benefits
e |ow cost.

Risks

CM Drinking Water Quality Plans Business Case
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e Will not meet our regulatory obligations under Regulations 27 and 28 of Water Supply (Water
Quality) Regulations 2000 (Drinking Water Safety Plans).

e Wil not allow for catchment-based investigations into pollution incidents, emerging
contaminant trends and large-scale planning applications documented within this business
case. Additional resourcing in Asset Strategy would be required under Opex.

e Defra, EA, DWI and Ofwat all have stated expectations that water companies will undertake
increased catchment management activities as part of long term plans for water quality.

4.2.2 Option 1 - DWQP catchment management enhanced inc. remote
sensing and proactive recovery of costs under Polluter Pays
Principle

Option 1 includes a continuation of the current DWQP catchment survey and risk assessment
approach with purchasing of applicable satellite imagery data for medium/low risk sites. This
option also includes provision to develop action plans to proactively investigate issues e.g.
contaminated land, long term pollution incidents and seek recovery of costs through detailed
investigations under the Polluter Pays Principle.

Benefits
e Adopts a proactive approach to managing pollution risks.

e Wil facilitate recovery of costs of additional treatment/blending/distribution investment arising
from pollution events (e.g. Chromium affecting WHSD PS).

e Supports a more effective Water Safety Planning approach and guidance from DWI on long
term planning for water quality.

¢ Remote sensing imagery may lead to capex and opex savings by reducing physical land use
surveys and associated resource requirements.

e Will meet our regulatory obligations under Regulations 27 and 28 of Water Supply (Water
Quality) Regulations 2016.

¢ Provide robust evidence to support decision making for AMP8 business planning and beyond.
Risks
e Most expensive option.

4.2.3 Option 2 - DWQP catchment management basic

Option 2 includes a continuation of the current DWSP catchment survey and risk assessment
approach with no enhancement. This option provides costs for each catchment survey and risk
assessment plus a limited number of pollution investigations and planning application review and
responses. It does not include the development of action plans and more detailed source/pathway
investigations

CM Drinking Water Quality Plans Business Case Page 13
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Benefits

e Will meet our regulatory obligations under Regulations 27 and 28 of Water Supply (Water
Quiality) Regulations 2000 (Drinking Water Safety Plans).

e Cheaper capex option.
Risks

e Could lead to increased opex costs for further investigations and recovery of costs under the
Polluter Pays Principle beyond the proposed budget.

4.2.4 Option 3 - DWSP Enhanced option with costs revised based on
efficiencies determined by Steer Co. (Preferred option)

Option 3 will implement the activities detailed in Option 1, but an assessment of available remote
sensing data will need to be undertaken based on the reduction in Totex funding agreed by the
EMT. This option also assumes a reduction in available resource to investigate and seek recovery
of costs for pollution events compared to option 1.

Benefits
e Adopts a proactive approach to managing pollution risks

e Supports a more effective Water Safety Planning approach and guidance from DWI on long
term planning for water quality

o Will meet our regulatory obligations under Regulations 27 and 28 of Water Supply (Water
Quality) Regulations 2016

e Provide robust evidence to support decision making for AMP8 business planning and beyond
Risks

¢ reduced funding compared to option 1 increases the available resource to seek recovery of
costs for pollution events, respond to planning applications and minerals plans leading to an
increased risk of future impacts to public water supply and potentially more expensive long-
term mitigation options.

o Reduced use of remote sensing technology will not realise efficiencies in human resource

time leading to delays in delivering all catchment risk assessments, response to planning
applications and consultations.

4.3 Cost Benefit Analysis

A high-level assessment of NPV for the preferred option has been carried out. This investment is
primarily driven by regulatory requirements under the Water Supply (Water Quality) Regulations
2016 and supporting the definition of future WINEP investigations under the WFD ‘no
deterioration’ driver.
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The primary method of calculation for this assessment was calculated by estimating the DWSP
catchment risk assessment and engagement with planning and pollution incident response
leading long-term reduction in PCV failures. Also considered in the calculation was an estimate
of a failure to comply with legislation leading to prosecution by DWI for not showing evidence of
effective Water Safety Plans in place. The confidence grade for this calculation is 50%.

The results based on these factors have determined a payback period of 15 years. There is
currently a lack of evidence to support the quantification of benefits from catchment management
activities. To improve this quantification of the benefits of catchment management. the wider
ecosystem services benefits of implementing the AMP7 Drinking Water Quality Plans catchment
management scheme will be given further quantification using a Natural Capital approach. This
approach is currently being developed using the data collected post AMP6 catchment
management schemes as a baseline. This method will allow us to use real data linked to
indicators of environmental improvements to calculate financial benefits with increased
confidence.

The full NPV assessment can be made available on request. A summary of the outputs is shown
in Appendix 2.

4.4 Recommendation

The recommended option proposed is Option 3 - DWQP catchment management enhanced.
(revised costs based on efficiencies determined by Steer Co.).

This option has been selected as it has been developed based on the experience gained from
the DWSP catchment survey and risk assessment process developed during AMP5 and AMP6
(Appendix 4). This option has also been developed incorporating the guidance for developing a
catchment water safety plan (Appendix 3) and takes into account the recent guidance note issued
in September 2017 on long term planning for the quality of drinking water supplies (Appendix 2).

There is an expectation from Defra, DWI and the EA for water companies to increase their focus
on catchment management and incorporate this into the long-term planning for managing water
quality in line with the Water Framework Directive. Article 7 of WFD stipulates a move away from
end of pipe treatment solutions to managing risks and issues at the source. This option facilitates
the development of catchment action plans where emerging risks are identified to further
investigate catchment based solutions to support options appraisal for future catchment pollution
mitigation schemes.
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5 Risks and Issues

e Future changes from the DWI on guidance around Drinking Water Safety Plans. not
accounted for in this proposal.

e Significant unassessed pollution risks e.g. HS2 could require significant resource impacting
on DWSP risk assessment programme.

e Reductions in Environment Agency budget leading to lack of action and visibility on pollution
incidents and a greater dependency on water companies to fill the gap.

e Water companies are not a statutory consultee in the planning process resulting in lack of
awareness/information on developments that pose a risk to water quality. We will work
alongside our Legal team to proactively identify planning applications with the potential to
impact on water quality.

e Fracking / Coalbed methane extraction licences granted in the Dour community. This will
require significant investment in investigation to assess the risk of future applications. The
current licences for this area have been withdrawn in 2015, but could be reinitiated.

e Impacts of climate change and poorly managed large-scale development resulting in greater
diffuse pollution challenges.

e Lack of awareness on registered contaminated land sites within our region and fragmented
management of these sites with limited funding by Local Authorities.

e Market reform leading to complexities in engaging with commercial businesses around
pollution investigations.

6 Procurement Strategy

This project will be delivered primarily by in-house expertise through the Catchment Management
team. Where specialist expertise is required (e.g. remote sensing data and interpretation) then
the preferred option will seek to appoint specialist consultants to deliver aspects of the project
and provide administration services for the farmer incentive payments.

The preferred option will also seek specialist consultancy services for such aspects as remote
sensing and observation borehole drilling.

As this builds on work undertaken in AMP6, suitable suppliers have been trialled and identified.
Many of these are already on the Approved Suppliers list and subject to consultancy services
agreements. Where required, a framework contract can be implemented based on the size and
scale of the aspects of delivery proposed. These are not in place currently, but can be
implemented in advance of AMP7 based on the preferred option being accepted to ensure that
no time is lost for delivery at the start of AMP7.
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7 Appendices
7.1 Appendix 2: NPV assessment summary

***** The Unit Cost Spreadsheet (Project Build) for each option has been included in this appendix. The master Unit Cost Spreadsheet also contains QA, audit trail, methodology and supporting
evidence. This can be provided on request *****

S year - IRR % o NPV
Financial internal rate of return (IRR) % 0% 7% B 278
o

Financial net present value (NPV) £'000 -572 &

6% 200
10 year 4% 4% 100 34
Financial internal rate of return (IRR) % -8% o, 0

2%
Financial net present value (NPV) £'000 -248 o -100

Wi -200
15 year 2% -300 -248
Financial internal rate of return (IRR) % 4%|| -4% _400 POSITIVE NPV IN YEAR: 1 5
Financial net present value (NPV) £'000 34|l -6% 500

-89 _{
e o m |7

. il i o o || -10% P

F!nanc!al intemalliateloflie mI(RR) | % | 7% 5year 10 year 15 year 20 year 5 year 10 year 15 year 20 year
Financial net present value (NPV) | £'000 | 278

3.1 ASSUMPTIONS, DATA AND CONFIDENCE LEVEL OF COST BENEFIT ANALYSIS (CBA)

- Cost avoidance Method of Calculation How can the cost avoidance be monitored? | When? Contact Person or Department
Drinking Water Safety - One off/occasional PC' 50% DWSP catchment risk assessment and engagement with planning, pollution incident response etc...

leading long term reduction in PCV failures. Estimated at 20 per year at £530 per incident = £10,600  |Water quality monitoring at the point of abstraction |ongoing |Alister Leggatt / Water Quality Services
Failure to comply with legislation leading to pros 50% Failure to comply with legislation leading to prosecution by DW| for not showing evidence of effective

Water Safety Plans in place. Estimated at 1 per year in perpituity. £70,760 per year Through DW!liaison and reporting ongoing |Water Quality Services
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7.2 Appendix 3: Guidance Note: Long term planning for the
quality of drinking water supplies. Drinking Water
Inspectorate Guidance to Water Companies (Issued
September 2017)

*** The rest of this document can be made available on request ***

GUIDANCE NOTE ON LONG TERM PLANNING FOR THE QUALITY OF DRINKING WATER SUPPLIES
1. Purpose

1.1. The purpose of this Guidance Note is to provide water companies and other stakeholders with guidance on long
term planning for the quality of drinking water supplies.

1.2. This long term planning guidance note is not intended to be a comprehensive review of water supply practice.
There are no new policy initiatives set out herein, and no new legal obligations. The focus is on delivery of existing
obligations, including recent and imminent legislative changes, using current good practice within a long term
planning context.

1.3. The guidance note also provides advice on how the Inspectorate might assist companies in the periodic review
process for setting of prices, led by Ofwat, including details of arrangements for information submissions to the
Inspectorate; the Inspectorate’s assessment processes; and a timeline for supporting current expectations of PR19
requirements. It takes account of current draft Ministerial guidance to Ofwat on strategic priorities and objectives from
both the Welsh Government and the UK Government.

1.4. We will update this document as necessary to take account of developments in legislation, policy and industry
good practice and future periodic reviews. The Inspectorate welcomes comments on the document, including
suggestions for areas or matters not currently included.

1.5. The regulatory framework that sets the context for this Guidance Note is summarised in our Guidance on the
Regulations: Introduction to the Public Water Supply Regulations in England and Wales.

2. Content summary

Section 1: Purpose

Section 2: Content summary

Section 3: Principles of approach

Section 4: Broad considerations in planning for the long term
4.1 Risk assessment

4.2 Catchment management

4.3 Resource and supply management

4.4 Raw water deterioration

4.5 Pesticides

4.6 Water treatment

4.7 Water distribution

4.8 Lead

4.9 Other point of use considerations

4.10 Radioactivity

4.11 Other enduring or emerging risks
Section 5: Supporting development of business plans for periodic reviews
5.1 Context

5.2 Routine arrangements

5.3 Accommodating business plan reviews
5.4 Evidence to justify need

5.5 Decision Letters and Legal Instruments
5.6 Engagement

5.7 Timeline for PR19 engagement

Annex A

|
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7.3 Appendix 4: Drinking water quality management from
catchment to consumer. Chapter 4 - Developing a
catchment Water Safety Plan

4

o Developing a catchment water safety plan

o Jose Vieira, Bob Breach and Ricardo Hirata

4.1 FACTORS UNDERPINNING CATCHMENT WATER SAFETY PLANS

1) 4.1.1 Introduction

The quality of raw water is a key element when selecting a source for any drinking water supply system. Water use, land use and polluting human
activity in the catchment area have significant impacts on surface and groundwater quality, and thus the level and complexity of treatment plant
necessary to ensure that the water leaving the works is safe and acceptable to consumers.

Understanding catchment characteristics and/or activities potentially impacting on raw water quality and availability is thus of paramount
importance to ensuring drinking water safety. Successful integrated water resources management must include all the driving forces and pressures
acting in the catchment water cycle and requires the commitment and cooperation of a number of institutions and organisations who are directly or
indirectly responsible for drinking water source protection within the catchment (e.g. health, environment, agriculture, industry, waste
management). In most countries, management of catchments and raw water sources are outside the direct responsibility of the water suppliers.
Nevertheless, it is essential that water suppliers play an important role in contributing to a preventive, integrated management approach in
collaboration with all relevant stakeholders.

Protection of raw water sources should be seen as the first and sometimes the most important barrier to prevent microbial, chemical and

radiological contamination as well as to guarantee the required quantity for a drinking water supply system.

Identification of health hazards, risk assessment and risk management at the catchment level are essential elements to implement a strategy for
protecting a drinking water source. This protection strategy should be based on catchment management plans, which include monitoring
requirements, corrective actions for dealing with routine and unexpected incident conditions, and communication strategies. Contingency
procedures are essential to mitigate the impact of both natural disasters (e.g. floods, droughts, extreme meteorological conditions) and man made

actions (e.g. bad practice, sabotage, vandalism).
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The development of catchment Water Safety Plan (WSP) based on risk assessment and management procedures are heavily dependent on the
quality and quantity of relevant information available. Special effort is required to collect information on catchment characteristics (e.g. geology,
hydrology, meteorology, land use, competing water uses), surface water — rivers, lakes, and impounding reservoirs (e.g. flow rate, water quality,
and seasonality variability), and groundwater (e.g. aquifer flow rate, flow direction, and aquifer vulnerability to pollution characteristics).

?2) 4.1.2 Characteristics of different type of catchments

The characteristics of different types of catchment vary considerably, including the response to different polluting activities or events, the time
taken for pollution to reach the water abstraction point and the ease and timescale with which pollution prevention can be realistically carried out.
Additionally, the pathways by which pollutants move from the pollution source to the abstraction point can be complex and need to be fully
understood before the risks can be fully assessed and effective mitigation options pursued. All of these factors and others need to be taken into
account when developing a catchment WSP. The phrase “know your catchment” is a vital one for any water supplier.

The majority of catchments can typically be divided into three main types, but within each type there can still be considerable variation in

characteristics and behaviour:

3) 4.1.2.1 Groundwater

The passage of water through the soil layer and underlying rock strata to the water table can attenuate some but not all types of pollution and thus
treatment for groundwater tends to be simpler than for surface water. Deep groundwater typically has a much slower response to polluting activities
on the surface, often many years. For some shallow or fissured groundwater sources, however, the response can be much faster sometimes as little

as a few days.

(4) 4.1.2.2 Upland Reservoirs

In some countries water is captured from upland (mountainous) areas and held in reservoirs before treatment. Typically the less developed nature
of these catchments means that the raw water can be less prone to man made pollution than other surface water sources but still requires more

treatment than groundwater. However if pollution occurs, then the reservoir can remain contaminated for a long period.

5) 4.1.2.3 Lowland surface sources

This can include rivers or canals either with or without raw water storage. Raw untreated surface water, particularly from rivers, is normally of
lower quality than groundwater due to naturally occurring pollutants (e.g. natural organic matter from soil and plant degradation), although
sometimes this can be made worse by the impact of man’s activities. Additionally there are a wide range of pollutants that can arise primarily from
man’s activities, and which if not controlled could require additional treatment specifically for their removal at waterworks. For this reason surface
water normally requires higher levels of treatment to meet drinking quality standards, when compared to groundwater. Typically this would include
coagulation, filtration and disinfection, sometimes coupled with additional treatment by activated carbon or other more specialised processes.

6) 4.1.3 Objectives for catchment WSPs

There are a number of inter-related objectives for developing catchment WSPs. All rely on a good knowledge of the catchment (Figure 13).

Implementing
measures to

Understanding reduce catchment
catchment risks and protect Designi
en > gning
characteristics raw water quality and operating (L
and/or activities effective safe
ey eamen R
raw water |:> Monitoring raw BRI

quality water quality and
variability

Figure 13 Objectives of catchment WSPs

(7) 4.1.3.1 Monitoring raw water quality and its variability

Design of raw water monitoring programmes is considerably helped by having a detailed knowledge of the catchment. This ensures that sampling
and analysis, which can be very expensive, are cost effectively targeted at those parameters most likely to be of significance.
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8 4.1.3.2 Designing effective treatment barriers

Knowledge of the catchment coupled with routine risk based monitoring programmes can help to build up a picture of expected raw water quality
and the extent of any quality variability. This allows the treatment plant to be designed and operated with sufficient spare capacity to deal adequately
with predicted worst raw water quality. Groundwater is commonly pumped into water supply systems with no treatment other than simple
disinfection with chlorine. In this situation, catchment risk monitoring, assessment and management becomes even more important.

) 4.1.3.3 Designing effective pollution warning systems

Unexpected deterioration in raw water quality can pose a risk to treated water quality, even in well designed treatment plants. Thus, pollution early
warning systems must be developed in all catchments, to allow water suppliers to be notified as soon as possible about pollution events within the
catchment in order that emergency procedures can be instituted. This is even more important in the case of groundwater with no or only limited

treatment. In such situations early warning systems based on periodic sample analysis and inspection of the well network is essential.

(10) 4.1.4 Impact of raw water pollution on drinking water treatment

Knowledge of land use or activities which might pose a risk to raw water quality allows catchment managers in conjunction with water suppliers
to introduce pollution prevention measures to reduce such risks. Risks can impact water suppliers in a number of different ways.

. Where installed treatment can cope with the normal variation in raw water quality, then catchment protection can avoid the likelihood of
unexpected pollution events posing a risk to treated water quality.

. Where water quality has already deteriorated or is deteriorating to the extent that additional treatment is or may be necessary in the future
then catchment protection may reduce or eliminate the need for new treatment. In this context it is important to recognise that the time
response for groundwater from contaminant source reduction or elimination is much longer than that observed for surface water.

. Where a works has been abandoned completely because of poor raw water quality, improved catchment protection may allow the source
to be cost effectively brought back into use. This might be of particular importance in areas of severe water resource shortage.

11 4.1.5 Categories of pollution risk

There are a wide variety of potential catchment pollutants and mitigation options. More information is given later in Section 4.5. Their origin can
typically be categorised into three main types:

(12) Point sources
This is where the pollution derives from a single point of discharge such as from sewage works, factory waste outlet or solid waste
disposal facilities. This can be mitigated through suitable risk management techniques to avoid leaks or spillages, and appropriate
wastewater treatment. Depending on local legislation, this can be enforced through pollution prevention requirements (e.g. bunding of
tanks) and use of regulatory “permits to discharge” for example specifying maximum pollution loads. In the case of groundwater
catchments, pollution prevention may require on site remediation or hydraulic containment of the aquifer contamination plume, as well
as the removal of the contaminating activity.

(13) Diffuse sources
This is where the pollution arises from a multiplicity of small sources such as run off from land, roads or area without coverage to mains
sewerage, or also from agricultural land use. This can be much harder to control since by definition many different land users may be
required to implement significant change in practice.

(14) Naturally occurring sources
Natural contamination can occur due to local geology and/or soil types and is associated with chemical dissolution of minerals and organic

matter.

4.2 DEVELOPING A CATCHMENT WATER SAFETY PLAN

as) 4.2.1 A framework for Catchment WSP

Many water supply catchments are complex, and water suppliers do not normally have the responsibility, the powers, and often the expertise to
directly control activities within the catchment. Development of a catchment WSP is therefore usually much more difficult than that for treatment
or distribution networks WSPs. This section summarises an approach to developing a catchment WSP based on a modified version of the classic
WSP cycle of activities (Bartram et al. 2009, Vieira & Morais, 2005).

Experience shows that the larger and more complex is the catchment the more difficult it is to ensure completely effective catchment protection.
Water suppliers will thus need to realistically assess the likelihood that catchment protection will be fully effective and the timescale over which
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this could occur. Although catchment protection is by far the best option, if this is not possible within a reasonable timescale then additional
treatment or other measures may need to be considered in order to ensure the quality of treated water.

Most, if not all, of the catchment based activities should be incorporated in a catchment management plan which is developed and jointly owned
with all other key stakeholders in the catchment. The plan should encompass a range of activities which are kept under regular review and include

the essential elements of risk assessment and risk management as shown in Figure 14.

Varify effectiveness of
catchment conirols

romate calchment risk Identify hazards and
mitigation mexsures hazardous activities

Develop calchmant Implormant risk Based Assess risks which
waming and response : AR could compromise
procadures [N onson treated waler qualiy
Balance between need for enhanced treatment and
kely effectiveness of catchmen! controls

Assess need for improved treatment (o reduce risk

Figure 14 Framework for preparing a catchment WSP

(16) 4.2.2 Identifying key catchment stakeholders
Although water suppliers do not normally have powers or the responsibility to directly control activities within the catchment, it is essential that
they work in conjunction with relevant government agencies, local catchment managers and land users to identify ways that pollution risks can be

most cost effectively managed.

There are a wide range of catchment stakeholders with whom water suppliers may need to develop partnerships to protect water abstractions.
They can be broadly divided into (1) regulatory authorities and catchment managers (2) land users carrying out activities which could pose a
pollution risk. The institutional arrangements and legislative framework for managing catchments will vary considerably between countries and
this will impact on the way in which such partnerships can be developed. It also means that partnerships often need to be developed at both

national/regional and local levels (see Figure 15).

National / Regional Level

Policy and
Legislation

Catchment
Local managersand Catchment users

Implementation regulators and their advisers

Water supplier

Catchment Level

Figure 15 Catchment partnerships at different levels.

(17) 4.2.2.1 National/regional level partnerships

Since pollution control policy and legislation is usually developed and promoted at national or regional level then water suppliers will need to work
together through their national or regional water supply associations to make sure that the interests of water supply protection are properly taken
into account. The requirements of water supply protection may be different to that for protection of aquatic biodiversity and this often needs to be

explained to policy makers.
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As well as policy partnerships with Government and regulatory bodies, catchment protection can also be enhanced if water supply associations
work directly with national or regional farming or business trade associations to jointly develop best practice codes of practice or certification
systems. Local catchment users are much more likely to adopt such measures if they have been developed in close cooperation with their

representative professional associations.

(18) 4.2.2.2 Local catchment partnerships

Effective local partnerships between water suppliers and land users/ catchment managers normally benefit from being developed as part of any
broader national/regional policy and legislative framework, although successful local partnerships can also be developed on their own. Within this
framework the purpose of local partnerships is to engage, educate and persuade catchment users to adopt pollution control and mitigation measures
specifically designed to protect water abstractions. This is particularly the case when the area involves a large number of small and/or private wells.
Particularly in developing countries the majority of such wells do not have any legal permit to exploit the aquifer or and the catchment management
organisation may not even know of their existence.

19) 4.2.3 Developing catchment partnerships

The approach to working with stakeholders can vary depending on whether they are more likely to give rise to point source or diffuse sources of
pollution risk. This will need to be taken into account in developing a catchment management plan.

For example, point source discharges from industrial premises or sewage works are often covered by statutory discharge controls which limit
the type, quality and quantity of effluent that can be discharged. Where such legislation is properly enforced then pollution mitigation measures
may need to focus primarily on avoiding accidental pollution (e.g. as a result of spillage). Where the risk mainly relates to diffuse pollution then
many more stakeholders need to be involved and this can increase the difficulty of developing effective partnerships.

It is also important to make a realistic assessment about the cost and complexity of the mitigation measures that are being promoted, since this
will determine the approach which needs to be adopted. For example, although many pollution mitigation measures involve simple best practice
which can be implemented without significant cost, many other measures could require substantial investment in pollution prevention technology
and/or costly change in land use. Without legislation and/or some form of financial incentive the likelihood may be low for expensive or complex
pollution mitigation measures to be widely taken up on a voluntary basis.

Irrespective of the size of the catchment and local institutional arrangements, water suppliers can often demonstrate a pivotal leadership role in
promoting effective catchment protection as shown in diagram of Figure 16.

Health
Authority

Environmental
Agency

Consumers

Water
Supplier

Catchment
Economic
Activities

Regulator

Figure 16 Pivotal role of water supplier in developing catchment partnerships

In working with local catchment partners, a number of different approaches will need to be considered. A key feature of any such partnership
will be education and awareness campaigns to alert catchment users to the risks that they can pose to water abstractions and what measures can be
taken to reduce risk. Those which are likely to be most effective will vary considerably depending on many local factors but typically could involve:
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o Obtaining contact details
It is important to be able to contact all relevant land users within the catchment who might impact on the water supply abstractions,
including private groundwater self-supply users. Depending on the sector involved this can be time consuming and difficult particularly
in larger or more complex catchments, and for diffuse pollution risks.

o Communication mechanisms
This depends on the sector and number of people involved. For small catchments or major land users/premises within larger catchments,
personal visits are most likely to be effective. Where larger numbers of people need to be contacted then personal visits may be
impractical and thus other means such as mail, newsletters, and invitations to meetings will need to be considered. It is has been found
that holding meetings at the waterworks can help to explain to land users the impact of pollution in the catchment can have on water
treatment.

o Data and information
Key to effective communication with land users is provision of relevant information and data including:

e local maps showing the water supply catchment in relation to the potential sources of pollution
e data showing the level and variability of pollutants impacting the supply intake

e evidence to show the origin and cause of the pollution

e practical measures that land users can take to reduce pollution or the risk of pollution

o Local champions
It is often found that farmers and other land users are often much more responsive to catchment management messages if they come
from people within their own business sector. Thus first seeking to actively engage the support of local business sector “champions”
who can promote catchment protection messages on behalf of the water supplier can be a very effective approach.

o Other “influencers”
In some cases, land users such as farmers closely follow professional advice from specialist agronomists, or manufacturers/suppliers of
agricultural chemicals and machinery. Thus it is also important to ensure that such “influencers” of behaviour are also fully and actively
involved in the catchment partnership. Indeed in some cases their active support may be an important pre-requisite of best practice take
up by farmers and other land users.

o Ongoing support and advice
Whatever partnership is initiated it is important that support and advice is seen as an ongoing process so that land users are actively

involved and have a sense of ownership.

(20) 4.2.4 Mapping and characterising the catchment

A crucial early step in management of catchments, whether ground or surface, is to ensure that the catchment is properly mapped hydrogeologically.
This is usually straightforward for smaller surface catchments but for large complex surface water and most groundwater catchments this may
require additional specialist expertise. Catchment maps may be in paper format but modern GIS (geographic information system) technology now
provides a much improved and usually cost effective option. However this does depend on the availability of reliable land use, soil type and other
spatial datasets.

Geographic information systems (GIS) are powerful and efficient tools that can be used for electronically interpreting and manipulating the
large amount of data necessary for catchment risk analysis. This can be done by creating maps and displaying a variety of spatial information
allowing easy visualisation of main catchment characteristics for risk analysis including physical data (e.g., water bodies, elevation, land use, soils),
and monitoring or environmental information (e.g., gauge sites, monitoring sites, pollutant point and non-point sources, mine locations). Spatial
variations and temporal trends in water quality conditions can be very effectively presented and evaluated using a GIS (Figure 17).

|
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Figure 17 Example of GIS datasets of land use

Other factors that need to be taken into account in characterising the catchment include the soil type, topography and the surface-groundwater
hydraulic relationship. This allows assessment of the hydrological response to pollution events, natural attenuation mechanisms, travel time from
pollution source to abstraction point and the potential impact of extreme weather events such as storms or droughts.

It is particularly important to understand the potential influence that soil type plays in determining pathways of pollutants into both surface and
ground water and thus the risk of contamination reaching the abstraction point. For surface water catchments, movement of water through soil to
rivers and streams can be heavily influenced by soil type and also the extent to which drainage systems can bypass soil mechanisms. Groundwater
risk assessment needs to take into account the fact that water movement in the unsaturated zone, including the soil horizon, is generally slow and
concentrated in the smaller pores where the specific contact surface is larger. Aerobic alkaline chemical conditions are normally favourable to
significant potential interception, sorption and elimination of viruses and bacteria. Precipitation, sorption or cation exchange attenuates heavy
metals and other inorganic chemicals. Sorption and biodegradation eliminate many organic compounds. Soil can therefore be the first and most
important natural defence against groundwater pollution. Flow velocity plays an important role in these reactions, and is roughly determined by
moisture content, and in hydraulic surcharge situations, by grain size and selection. All these soil and unsaturated zone properties control the aquifer
pollution vulnerability that is essential to define any risk assessment to groundwater.

21 4.2.4 Identifying hazards and hazardous activities

In conjunction with relevant catchment stakeholders, potential sources of pollution impacting the abstraction point should be identified and marked
on the catchment map, using standard symbols. These may be both point source (e.g. sewage works, factory, other commercial premises) or diffuse
source (e.g. intensive farming, roads and railways, urban areas, oil pipelines). More information on detailed methodologies for assessing and
managing surface water is given in section 4.3 and groundwater in section 4.4

It is important to recognise that extreme weather events can influence both the quantity and quality of surface and groundwater and this needs
to be taken into account as part of the catchment WSP. The hydrological regime in a catchment e.g. extent of evaporation, infiltration, surface
runoff, and stream flow, greatly depends on weather parameters such as precipitation, air temperature, and humidity, and how this varies under
yearly and monthly variations and ranges. Extreme rain events and water shortage due to drought periods have significant impact on flow of rivers
and springs, level of lakes or reservoirs, and water table of groundwaters.

Surface water quality visibly deteriorates after extreme precipitation events, when increased erosion and high turbidity levels usually mean poor
quality of drinking raw water that can be critical to the satisfactory functioning of treatment processes. Water shortages imply higher pollutant
concentrations due to less dilution capacity of receiving waters. Eutrophication processes in source waters can be greatly stimulated with high air
temperatures.

|
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Groundwater normally has better intrinsic protection against climate change. Extreme weather events may nevertheless, cause impact on
aquifers. Long drought periods will reduce groundwater recharge, thus probably decreasing contaminant dilution and water availability. Intense
precipitation events may not significantly help groundwater recharge, as opposed to more evenly distributed precipitation. Flooding caused by such
events may also drive contaminated water into the aquifer through wells.

(22) 4.2.5 Assessing risks, promoting mitigation measures and verifying their effectiveness

The hazards and hazardous activities identified in the catchment should be assessed and prioritised in terms of likely risk at the point of abstraction.
In doing so it will be particularly important to take account not just of those potential pollutants which could have a rapid impact on the waterworks
(e.g. chemical spillage) but those which could deteriorate over a long time period if mitigation measures are not implemented (e.g. groundwater
pollution from nitrate). To support such risk assessment and identify effective mitigation measures, particularly for groundwater, it is best to develop
a source/pathway/receptor model. This identifies the source of any potential pollution, the pathways through which it travels and the receptors (e.g.
water abstractions) which might be impacted.

Having identified the priority risks to water quality then catchment risk mitigation measures should be promoted in conjunction with the relevant
catchment management authorities and potential polluters. More information on common catchment risks, their mitigation and potential control

points are given in section 4.5 later in this chapter.

23) 4.2.6 Implementing risk based raw water monitoring

(24) 4.2.6.1 Introduction

An important part of any catchment management strategy includes implementation of raw water monitoring programmes, targeted at the most likely
parameters of concern and based on the catchment characterisation/ risk assessment. Routine raw water quality sampling programmes serve a
number of purposes:

e  Providing key information on raw water quality and variability to either support routine operation of surface treatment plant or

groundwater abstraction or design/upgrade necessary treatment plant

. Supporting catchment management plans as part of the risk assessment process

e Monitoring the effectiveness of catchment risk mitigation measures

e Understanding the background (baseline) natural water condition, thus allowing long term trend assessment for parameters of concern

e Helping to provide warning of raw water quality deterioration, and testing the effectiveness of water quality protection measures.

Such monitoring programmes can be based on continuous monitoring of key parameters and/or discrete sampling with subsequent laboratory
analysis. In some situations on site test kits for simple analysis can be of value. The frequency and timing of sampling must take into account the
potential variability of raw water pollution load, for example due to weather conditions. In the case of groundwater, a conceptual flow model,
defining water velocity and aquifer geometry, is also necessary.

However such programmes can be very expensive to set up and maintain. Thus by basing the sampling design on a catchment risk assessment
then the sampling can be cost effectively targeted only at those parameters likely to be of concern and at a time and frequency when they are most
likely to occur. For example knowledge of sewerage and sewage treatment facilities (or their lack) as well as livestock farming in the catchment
can identify risks from microbiological challenges to water treatment. This particularly needs to take into account the fact that the microbial load
can be considerably higher during periods of storm or wet weather.

Similarly knowledge of the scale and type of farming activity in the catchment, particularly when linked to catchment fate and behaviour
models, can help to predict the occurrence of agricultural chemical contaminants such nitrate or pesticides. This includes the risks of high peak
values lasting a few days which might be missed by occasional monthly spot sampling. Thus additional monitoring during highest risk periods
could help to identify the worst case challenges to water treatment. Conversely at other times of the year when such chemicals are not used then
the sampling programmes can be scaled back to lower background frequencies.

Groundwater sampling programmes present further challenges. The conceptual flow model of the aquifer has to be understood prior to
developing the sampling strategies. Generally slower travel times, when compared to surface water, and natural attenuation characteristics (mainly
dilution), make both the sampling frequency and the parameters of interest different to those used for surface resources. More information is given
later in Section 4.4.7.
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(25) 4.2.6.2 Sampling programme design

The cost effective design of raw water sampling programmes can only be determined by the water supplier based on a good knowledge of the raw
water catchment, and taking into account available resources, skills and laboratory capability. The programme should be formally reviewed at least
once a year or following an event or incident in the catchment which might impact on raw water quality. Issues to take into account might include:

e Initial sampling programme: Before bringing a new source into supply sampling will need to take place for a period and at a frequency
suitable for the type of source. The purpose is to establish any quality risks and the necessary level of treatment. Additionally, for
groundwater it is also important to evaluate existing wells/springs in the area to detect water quality problems before the construction of
a new well. In the case of natural contamination risks it is necessary to also evaluate the presence of some substance that may leach into
the water as a result a change in the redox or pH conditions that is often associated with groundwater development.

. Core routine programme: A basic suite of physicochemical and microbiological analysis will need to be put in place geared to the type
of source, its variability and the level of treatment in place. If the catchment characterisation suggests that the raw water quality will be
stable (for example deep groundwater) then the monitoring frequency may be quite low. Conversely if the source is a shallow or karstic
groundwater subject to surface influence then a higher frequency of sampling will be required. A surface water sampling programme
will, of necessity, involve a wider range of parameters and at a higher frequency to reflect the greater range of risks and higher catchment
variability.

e Weather or activity related sampling: The core routine sampling programme should be supplemented by additional sampling at times
when quality might deteriorate for example during periods of adverse weather (storm or drought) or when additional catchment risks
occur (e.g. use of pesticides for crop protection, additional strain on sewerage infrastructure due to tourist influx).

e Monitoring for indicator parameters: In some cases more frequent monitoring for simple indicator parameters may be used as a cost
effective complement to other parameters which are more difficult or expensive to carry out. For example ammonia might be used as an
early warning of increased levels of sewage or animal wastes. In the case of groundwater, both nitrate and chloride are very common
quality aquifer indicators due to their chemical stability and mobility in subsurface environment.

e  Long time series sampling for trend analysis: Some catchments might be subject to long term deterioration over a period of years due for
example to land use or agricultural change. In such cases it is important that monitoring maintains adequate long time series data for key
parameters such as nitrate or salinity. Short term cost savings should not impact the collection of such data.

(26) 4.2.6.3 Sampling for design and operation of treatment plant

Routine risk based monitoring programmes can help to build up a picture of expected raw water quality and the extent of any quality variability.
This allows the treatment plant to be designed and operated with sufficient spare capacity to deal adequately with predicted worst raw water quality
(See Chapter 4).

(27) 4.2.6.4 Sampling to detect raw water quality deterioration

Even appropriately designed and operated treatment plants can be subject to risks caused by unexpected deterioration in raw water quality. Such
deterioration can occur due to accidental pollution, introduction of new industrial activities, changed agricultural practices or extreme climatic
events. Knowledge of land use or activities in the catchment which might pose a risk to water quality facilitates the design of monitoring systems
that can provide early water of raw water quality deterioration. In groundwater, a potential contamination load evaluation (type of activity and
operation) in a radius typically of 2 km can also provide important information to avoid unexpected water deterioration events at a specific

abstraction.

Routine spot sampling and analysis usually cannot detect rapid deterioration of raw water quality. However, such quality alteration might be
picked up by automatic sampling or intake monitoring systems. Routine sampling is effective to detect adverse raw water changes that take place

over a slightly longer time period, such as several days.

The frequency of sampling in groundwater monitoring well networks also has to be defined. However, except in aquifers of extreme or high
pollution vulnerability, it will not normally be necessary to monitor aquifer groundwater quality more frequently than for example three-month

intervals.

To complement raw water monitoring, early warning systems must be developed with catchment managers and users to allow water suppliers
to be notified as soon as possible about pollution events within the catchment in order that emergency procedures can be instituted.

(28) 4.2.6.5 Automatic intake monitoring systems

Reliable and continuous monitoring systems have been increasingly used in routine long-term monitoring, as well as in early warning of accidental
or malicious source water contamination. Early water quality monitoring systems were limited to easily measurable physicochemical parameters
such as temperature, pH, conductivity and dissolved oxygen. Nowadays, it has evolved to include sophisticated equipment that allows

comprehensive monitoring programs with a large number of parameters including organics. Increasingly, novel continuous bio-monitoring
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techniques can also be used to detect potentially toxic contaminants in source waters. These rely on living organisms such as daphnids, algae, and
fish as indicators of a range of potentially toxic substances, although these need to be calibrated to ensure they are reacting to those substances
which are of concern to drinking water quality rather than ecological impact.

Automatic intake monitoring systems can be used to provide (near) real-time information on water quality which is important to provide an up-
to-date inventory of known contaminants as well as for setting strategies for catchment early warning mechanisms.

29) 4.2.7 Implementing catchment warning and response procedures

Pollution incidents potentially impacting water supply abstractions will occur from time to time, even where effective arrangements for catchment
management and control have been implemented. These may not be detected by intake monitoring systems and even if they do it may not allow
sufficient time for appropriate response. Thus effective communication systems between water suppliers and catchment managers/users are
important to give early warning of pollution events. Whilst pollution incidents are most likely to impact surface water catchments, particularly
those that are large and/or complex, pollution incidents can also impact on groundwater abstractions. Both should therefore be considered for

implementation of pollution warning systems.

(30) 4.2.7.1 Organisations typically involved

As well as the water supplier, the organisations that need to be involved in a pollution warning system will depend on local catchment characteristics,
legal and institutional arrangements and the catchment risk assessment. Particular complications can arise where catchments cross state or national
boundaries. Organisations could though include:

e Water utility staff

. Catchment management agencies

e Municipal authorities including emergency services (fire, police)

e Other upstream abstractors

. Catchment users such as major industrial sites, farmers, fishing organisations

In addition it should be recognised that members of the general public might also report possible pollution incidents or unusual catchment

events which need to be rapidly and effectively captured, assessed and communicated.

(31) 4.2.7.2 Early warning procedures

The early warning procedures that need to be put in place will vary depending on the local situation and available communication systems. Whatever
procedure is developed will need to be simple, agreed by all parties and clearly documented. Once implemented the procedures should be regularly
reviewed to identify areas for improvement. Consideration should also be given to including pollution warning systems in any exercises held to
test the effectiveness of incident management procedures (see section 3.6).

(32) 4.2.7.3 Pollution awareness training

Non water supply staff often do not appreciate the range of pollutants that might impact water supply intakes. As well as toxic material, this can
include:

. Substances which might impart a taste to water supplies, even at low levels, such as oils, solvents or phenolic material

. Substances which might impact on disinfection effectiveness by exerting increased oxidation demand

e  Events such as fire at industrial premises, major transport accident, fuel or chemical spill, natural events such as floods or landslip

For this reason training and awareness programmes should be considered for key external personnel who include:
e The types of pollutant or pollution event that should be notified
e Why these might impact on water supply intakes and treatment
e  The importance of speed of notification
. Information which should be captured at time of notification

(33) 4.2.7.4 Effective, timely and accurate communication

Key to effective warning systems is a rapid, foolproof and clearly defined communication mechanism between those capturing the event and the
relevant water supplier staff. Such a system could have different levels of warning depending on the severity of pollution risk (e.g. Level 1 - early
warning; Level 2- confirmed risk; Level 3 imminent risk). Once a pollution incident has been resolved an “all clear” message should be sent.

The communication method used will depend on local circumstances but to avoid mistakes or misunderstanding the method should preferably
be captured on a standard form which is transmitted electronically e.g. via fax or e-mail. The recipient of the warning message within the water
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supplier should be identified and procedures should ensure that it is picked up and responded to promptly 24/7. Normally this might be at a
continuously manned control room or duty officer but other arrangements may also be appropriate.

For groundwater the contaminant plume travel is usually orders of magnitude lower than on the surface water. Therefore it is not normally
necessary to have 24/7 response teams, except with karstic and high transmissivity fractured rock aquifers.

(34) 4.2.7.5 Pollution travel time estimation

To improve effective response to pollution warning it is important to be able to assess the potential travel time from the site of the pollution to the
water abstraction point. These are defined by the travel distances and intrinsic characteristics of each environment:

e Groundwater: the distance is defined by the thickness of the unsaturated zone, and the location of source and abstraction points, which
will roughly determine the travel distance in the saturated zone. Pollutant characteristics must also be taken into account. Fissured aquifers
or where natural protective zones are bypassed are particularly vulnerable

e Rivers: the distance involved, the flow rate and pollutant behaviour

e Lakes and reservoirs: the retention and residence time including wind effects and short circuiting

In larger, complex or more vulnerable catchments it may be appropriate to develop practical computer models to forecast time of travel based

on the pollutant transport and behaviour as a function of the hydrological properties of the water resource system.

4.3 METHODOLGIES FOR ASSESSING AND MANAGING SURFACE WATER CATCHMENTS

35) 4.3.1 Introduction

Integrated management of surface catchments must identify all the existing and potential hazards that might pose a risk to surface water abstractions.
This in turn can support the implementation of effective source water protection programmes.

A full risk assessment must include the study of ecological and hydrological processes governing catchment systems, as well as the man made
polluting activities. The identification and characterisation of pollutant sources are critical to the successful mapping of risks in surface catchments.
Table 3 shows major factors affecting source water quality (CCME, 2004).

Human Factors

Natural Factors

Pollutant non-point sources Pollutant point sources
Climate Agricultural cropland runoff Industrial discharges
Topography Livestock/grazing Wastewater discharges
Geology Dairies and feedlots Hazardous waste facilities
Soil cover Urban development runoff Mine drainage
Vegetation Septic tanks Spills and releases
Fire Erosion Urban runoff
Wildlife Forest management Combined sewer overflows
Saltwater Intrusion Mining Aquaculture
Thermal stratification Recreational activities
Erosion Atmospheric deposition

Table 3 Factors affecting source water quality

36) 4.3.2 Use of predictive models

Predictive surface water models provide a very good approach for evaluating alternative catchment management scenarios. When combined with
good monitoring datasets, properly calibrated, tested, and verified models can be used to forecast or estimate risks under various scenarios. This
allows a good insight into impacts associated with known and anticipated land use activities within the catchment.

Different type of models can be applied simulate and predict surface water quality (USEPA, 2008). These include:
e Rainfall/runoff, for the description of precipitation, infiltration, evaporation, and runoff
° Erosion and sediment transport, for the description of soil detachment, erosion, and sediment movement from a land area
e Pollutant loading, for the description of the wash-off of pollutants from a land area
. Stream transport, for the in-stream behaviour of sediment and pollutants including deposition, resuspension, decay, and transformation
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e Management practices that can be land-based (e.g., tillage or fertilizer application), constructed (e.g., storm water ponds), or input/output

to a stream (e.g., wastewater treatment).

The decision-making process in catchment planning and management is multidisciplinary in nature and integrates different sources of
knowledge (scientific, socioeconomic, and political). Decision support systems use complex, dynamic knowledge from a number of disciplines in
a user-friendly graphical user interface, and are tools of valuable interest to organize information, design and assess the impact of alternative long-
term catchment management plans. Figure 18 depicts the structure of a web-based decision support system developed for supporting integrated

water management of the Portuguese Guadiana river basin (Vieira et al., 2008).
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Figurel8 Decision support system structure in river Guadiana basin

4.4 METHODOLOGIES FOR ASSESSING AND MANAGING GROUNDWATER CATCHMENTS

37 4.4.1 Strategies for control of groundwater pollution

Implementing groundwater pollution prevention measures is a complex task, involving two interrelated but independent strategies which focus on
the protection of:

e Groundwater resources (aquifers) as a whole and/or

e Groundwater sources - those parts of the aquifers where the resource is exploited for water supply or other purposes

While both approaches are complementary, the emphasis placed on one or other will depend on local hydrogeological conditions, the extent to
which groundwater resources have been developed and exploited, and a range of other broader socioeconomic factors.

Once sub surface or groundwater pollution has occurred it is usually very expensive and sometimes impractical to implement remedial action
at an economic cost. The exception may be those fast response aquifers where removal of the hazard or hazardous activity can result in reduction
of groundwater contamination in a relatively short timescale. The primary aim of groundwater protection should therefore be focussed on
prevention of those activities which might result in an unacceptable sub surface contaminating pollution load either across the whole aquifer or
within the capture zone for public supply sources.

There are four main catchment protection tools (see later sections for more detail) which can be used to control groundwater pollution risks:
e Mapping overall aquifer pollution vulnerability
e Quantifying the potential sub surface contaminant load
e Implementing Source Protection Areas (SPAs) which define the zone of capture of boreholes, wells and springs
e Placing restrictions on hazards or hazardous activities within defined areas of the catchment

In developing a WSP, ideally the whole aquifer should be considered for protection. However, in some situations it may not be economic or
practicable to do so. For example, it may not be cost effective to protect the whole aquifer if only a small amount of it is used as water source. In
such situations it would suffice to define the groundwater capture zone of specific water sources, and assess their pollution vulnerability and
subsurface contaminant load, usually on a scale of 1:10,000 to 1:50,000. Conversely, in those areas with a large number of significant groundwater
abstractions, whole aquifer strategies should be adopted.
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The responsibility for implementing each strategy may vary. Aquifer pollution vulnerability assessment is a management tool used as part of
land use planning to protect strategic aquifers. Depending on the size of the aquifer, these are therefore usually the responsibility of regional or
national authorities. Source pollution hazard assessments, on the other hand, are more useful for local catchment managers and water suppliers.

Whole aquifer strategies are more universally applicable, since they endeavour to achieve a degree of protection for the entire groundwater
resource and for all groundwater users. They would commence with aquifer pollution vulnerability mapping of more extensive areas (including
one or more important aquifers) working at a scale of 1:100,000 or more if the interest was limited to general information and planning purposes.
This would be followed by the identification, localisation and classification of potential contaminant loads. The interaction between these two
elements permits the aquifer pollution hazard definition (see figure 19 below)
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Figure 19 Components of groundwater pollution hazard assessment used for land surface zoning (Foster et al., 2002).

The same approach can be done for source protection, where the pollution hazard is established through superimposition of the outputs from
the subsurface contaminant load inventory on the different well capture zones of as set out in figure 20 below.
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Figure 20 Priority groundwater pollution control action-levels based on aquifer vulnerability, source protection areas, and potential contaminant
load (Foster et al 2002)
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38) 4.4.2 Objectives for groundwater pollution prevention

There are three different scenarios to be considered in establishing a groundwater quality protection strategy.

(39) 4.4.2.1 Preventing Future Pollution

Aquifer pollution vulnerability maps are a valuable tool to reduce the risk of creating future groundwater pollution hazards. They identify the areas
most vulnerable to groundwater pollution, so that the location of potentially hazardous activities can be avoided or prohibited. Table 3 should help
to evaluate potential problems associate to each type of activities.

(40) 4.4.2.2 Dealing with Existing Pollution Sources

In this situation, it is necessary to prioritise groundwater pollution control measures in areas where a range of potentially polluting activities are
already exist. First, it will be necessary to establish which among these activities poses the more serious hazard to groundwater quality, using
aquifer vulnerability mapping, delineation of water supply protection areas, and inventory of subsurface contaminant load. Table 4 and 5 give
examples of the selection of those activities according to different vulnerability classification or delineation of zone of capture.

(41) 4.4.2.3 Selecting New Groundwater Supply Areas

In this situation it is first necessary to define the capture zone of any new public supply well and then to identify all potential contaminant sources
existing in the area (Table 5). Where such an assessment identifies anthropogenic activities capable of generating an elevated subsurface
contaminant load and/or the aquifer pollution vulnerability is high or extreme over most of the designated groundwater supply capture area, this
assessment should be followed by a technical and economic appraisal to establish the possibility of controlling all potential pollution activities. If
this is not possible then an alternatively site for the new groundwater supply sources should be investigated.

(42) 4.4.3 Mapping overall groundwater pollution vulnerability

The concept of aquifer vulnerability is related to the intrinsic characteristics of the strata which separate the saturated aquifer from the land surface.
These characteristics determine the risk of the aquifer being adversely affected by a surface-applied contaminant load (Foster & Hirata 1988).
Vulnerability is determined by:
. An hydraulic assessment of likelihood that the pollutants will reach the saturated aquifer and
. An estimate of the extent to which pollutants will be attenuated by physiochemical retention or reaction during passage through the strata
overlying the saturated zone.

Aquifer pollution vulnerability maps are designed to provide a general framework within which groundwater protection policy can be
developed. They are a simplified, but factual, representation of the best available scientific data on the hydrogeological environment. Generally,
the methods provide an overall index for a single integrated vulnerability to all potential pollutants (a map that can encapsulate all type of substances
or activities). However, some methods allow aquifer vulnerability to be determined for individual contaminants, group of contaminants or even
for activities, and to particular pollution scenarios. However, vulnerability maps for specific contaminants and pollution scenarios are much more
costly, complex and difficult to use.

There are many different aquifer pollution vulnerability methods. One of those is known as GOD (Foster and Hirata, 1988) which defines an
absolute index, unlike other methods that provide only relative vulnerability indexes. It uses factors for three intrinsic geologic and hydrogeological
characteristics:

. Groundwater hydraulic confinement, in the area under consideration.
. Overlying strata, in terms of character and degree of consolidation that determine their contaminant attenuation capacity.
. Depth to groundwater table or to groundwater “strike” in confined aquifers.

There are a number of hydrogeological conditions that create problems for vulnerability assessment and mapping, and this means that expert
support and interpretation may be necessary. Also the methods used to generate vulnerability maps do not cover two specific situations:
contaminants discharged directly in the subsurface, e.g. from underground storage tanks or septic system and spillages of dense immiscible synthetic
organic pollutants (DNAPLs). A high groundwater pollution hazard is present in both situations, regardless of aquifer vulnerability.

(43) 4.4.4 Inventory and classification of subsurface potential contaminant load

A key step in implementing a groundwater protection strategy is to undertake a detailed survey of the aquifer catchment or source protection area
to identify those hazards or hazardous activities which have the potential to cause groundwater pollution. In doing so it is important to take into
account whether generation of a subsurface contamination load is a direct result of the hazard (e.g. septic tanks) or whether the load might be
generated accidentally(e.g. due to spillage) (Foster and others, 1993). It is also important to understand whether any hazardous activities have taken
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place in the past, since polluting processes or activities which ceased some years before can be still generating a subsurface contaminant load by
leaching from contaminated soil.

There are various published methods of assessing the pollution potential of man made activities, although few are directed specifically to rating
their potential to generate a subsurface contaminant load (Foster and Hirata, 1988; Johansson and Hirata, 2001). The classification of potentially
polluting activities by their spatial distribution provides a direct and visual impression of the type of groundwater contamination threat they pose
and the approach to control measures that are likely to be required:

e Point pollution sources normally cause clearly defined and more concentrated plumes, which makes their identification (and in some
cases control) easier; however, when point-source pollution activities are small and multiple, in the end they come to represent an
essentially diffuse source, as regards identification and control.

e  Diffuse pollution sources do not generate clearly defined groundwater pollution plumes, but they normally impact a much larger area

(and thus volume) of aquifer.
Using any of these classifications, it is always useful to rank the potential contaminant load in terms of the probability to generate a load that
can reach and impact the saturated aquifer. There are some methods that classify the potential load in three levels: elevated, moderate and reduced.
The POSH method is one of them (Foster et al. 2002) and it is based on two intrinsic characteristics:

. The likelihood of the presence of contaminants, which are known or expected to be persistent and mobile in the subsurface; and

. The existence of an associated hydraulic load (surcharge) capable of generating transport of contaminants into aquifer system.

44) 4.4.5 Groundwater source protection areas (SPAs)

The delineation of groundwater source protection areas (SPAs) is an essential element in the protection of drinking water sources from
contamination. SPAs have to take into account two different types of contaminants:

1. Those that decay with time, where subsurface residence time is the best measure of protection

2. Non-degradable contaminants, where flowpath-dependent dilution must be provided.

The proximity of a land-use activity to a groundwater source is a key factor influencing the contamination hazard it poses. The pollution threat
will depend on whether the activity is located within the capture zone of the water supply source, and the horizontal flow time in the saturated
aquifer from the location of the activity to the abstraction point (Figure 21). Source protection areas are therefore normally divided into four zones:

1. Zone A - The operational area immediately adjacent to the wellhead or borehole

2. Zone B - The inner catchment area representing approximately 50 day travel time to the abstraction which is normally considered
the minimum necessary for degradation of microbiological pollutants
Zone C - the intermediate area representing approximately 4-500 days travel time to the abstraction

4. Zone D- the whole source capture zone
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Figure 21 Concept of different levels of source protection areas, with land use restrictions (Foster et al. 2002).

There are five main approaches used for delineating groundwater SPA (USEPA 1994), in increasing order of complexity and cost:
Arbitrary fixed/calculated radius around borehole

Simplified variable shapes

Analytical hydrogeological models

Hydrogeological mapping

nok W

Numerical groundwater flow model with particle tracking

Arbitrary fixed-radius circular zones (1) or simple elliptical shapes (2) have been used. However, because of their questionable reliability they
would normally be chosen only in the very first stage of groundwater source protection program. The choice of which of the other methods to use
will depend on hydrogeological data availability and available resources. However, the geometry of the protection zone defined will also be
influenced by the method used for its delineation. It must also be remembered that the delineation of protection zones is a dynamic process.
Groundwater conditions may physically change or new hydrogeological data may come to light that enable the aquifer to be more accurately
represented. Given the numerous uncertainties and continuously evolving groundwater conditions it is wise for an “adaptive approach” to SPA
implementation strategy. This should be based on the application of analytical method in the first instance, followed by a numerical method when
more data are available.

45) 4.4.6 Placing restrictions on hazards or hazardous activities within defined catchment areas

As previously described the key to effective groundwater protection is to identify the vulnerability of either the whole aquifer or the catchment of
a water supply source to sub surface contamination and then control the hazard or hazardous activity which might give rise to such a polluting load.

Table 4 below sets out a typical acceptability matrix for various hazards according to aquifer vulnerability. The terminology used is:
o N =unacceptable in virtually all cases
o PN = probably unacceptable, except in some cases subject to detailed investigation and special design
o  PA =probably acceptable subject to specific investigation and design
o A =acceptable subject to standard design
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Aquifer vulnerability

Potentially polluting activity requiring control measures

high medium low
ISeptic tank, cesspits and latrines
individual properties, communal properties, public A A A
|gasoline station PA A A
Solid Waste Disposal Facilities
construction/inert A A A
municipal domestic and industrial (class I) PN PA A
industrial (class IT and IIT) and hazardous N N PA
cemetery PA A A
incinerator N PN PA
IMineral and oil Extraction
construction material (inert) PA PA A
others, including petroleum and gas N PA A
fuel lines N PA A
Industrial Premises
type 1 PA PA A
type 11 and 11T PN/N PA/N PA/PN
Military Facilities PN PA PA
nfiltration lagoons
[municipal/cooling water A A A
industrial effluent PN PA PA
Soakaway Drainage
building roof A A A
major road, industrial sites, airport/railway station PN PA A
minor road, parking lots PA A A
Effluent land application
food industry, sewage effluent and sewage sludge PA A A
all other industries PN PA A
farmyard slurry A A A
ntensive livestock Rearing
effluent lagoon, farmyard and feedlot drainage PA A A
Agricultural areas
with pesticide PN A A
with uncontrolled use of fertilizers PN A A
pesticide storage PN PA A

Table 4 Acceptability matrix of common potentially polluting activities and installations according to aquifer vulnerability

Table 5 below sets out a typical acceptability matrix for various hazards using the same criteria within different source protection zones as
described in Section 4.4.5.

Potentially polluting activity requiring control Source protection area
measures A B C D
Septic tanks, cesspits and latrines

individual properties N N A A
communal properties, public N N PA A
|gasoline station N N PN PA
Solid Waste Disposal Facilities

municipal domestic N N N PN
construction/inert N N PA PA
industrial hazardous N N N N
industrial (class I) N N N PN
industrial (class IT and IIT) N N N N
cemetery N N PN A
incinerator N N N PN
\Mineral Extraction
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construction material (inert) N N PN PA
others, including petroleum and gas N N N N

fuel lines N N N PN
\Industrial Premises

type 1 N N PN PA
type II and 11T N N N N

Military Facilities N N N N

Infiltration lagoons

municipal/cooling water N N PA A

industrial effluent N N N N

Soakaway Drainage

building roof PA A A A

major road N N N PN
minor road N PN PA PA
amenity areas N PA PA A

parking lots N N PN PA
industrial sites N N N PN
airport/railway station N N N PN

Table 5 Acceptability matrix of common potentially polluting activities and installations according to source protection zones

(46) 4.4.7 Groundwater monitoring strategies

Groundwater monitoring strategies include the choice of using existing production wells, or drilling dedicated monitoring wells (Figure 22). The
choice of using existing production wells might initially be appealing due to the lower cost and implementation time, but poses serious drawbacks.
Production wells usually have large intake intervals, and mix waters from widely different depths, with different residence times and hydrochemical
properties. Sampling from a wellhead tap, usually close to high capacity pumping plant, may also impact sample quality by allowing contact with
air and causing oxidation and precipitation of Eh-sensitive constituents, volatilization and modification of pH. Purposed-drilled monitoring wells
need to be carefully placed, taking account of the conceptual flow model of the aquifer and the objective of the monitoring programme. In a more

complex aquifer system where vertical water flow is expected, multi-level monitoring wells have to be considered.

There are three strategies that can be adopted for systematic monitoring for groundwater:

e  Proactive monitoring of potential pollution sources, where the objective is to provide early detection of incipient aquifer contamination
from known sources of potential pollution. Monitoring is undertaken immediately down the hydraulic gradient and analytical parameters
chosen specifically in relation to the pollution source. This approach is expensive and thus has to be highly selective, primarily targeting
the more hazardous pollution sources located within groundwater supply capture zones in aquifers of high-moderate pollution
vulnerability.

e Defensive monitoring for groundwater supply sources, when the objective is to provide warning of pollution plumes threatening potable
well fields or individual water wells and springs. This is achieved through the installation of a monitoring network up the hydraulic
gradient, which is capable of detecting approaching polluted groundwater in time for further investigation and remedial action to be taken.
A thorough understanding of the local groundwater flow system and contaminant transport pathways is required, especially in relation to
selection of the depths of monitoring borehole intakes, to avoid the possibility of by-pass of the defensive monitoring network.

e Evaluation monitoring for sites of known aquifer contamination. A similar approach to that described under proactive monitoring should
be adopted This serves two purposes (1) most importantly to confirm the effectiveness of natural contaminant attenuation processes,
where these are considered to be the most economic or only feasible way to manage aquifer pollution and (2) to confirm the effectiveness
of remedial engineering measures taken to clean up or contain aquifer contamination, where these have been judged technically and
economically feasible.
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Figure 22 Schematic summary of groundwater quality monitoring strategies (Foster et al 2002)

4.5 COMMON CATCHMENT RISKS AND THEIR MITIGATION

47) 4.5.1 Introduction

Previous sections of this chapter have described; factors underpinning catchment WSPs; approaches to developing a catchment WSP; and
methodologies for managing both surface and groundwater catchments. This section briefly summarises a number of common catchment hazards
which might pose a risk to water treatment works, and typical approaches to their mitigation. More information for microbial hazards (WHO 2004)
and potential chemical hazards (Thompson et al. 2007) is given in references

Effective pollution control in catchments can be secured through a wide range of policy approaches. These can include legislation, financial or
commercial instruments, technical guidance, and voluntary codes of best practice. Many countries use a combination of all these measures with
pollution control legislation complemented by other fiscal and voluntary approaches. However, it has to be remembered that legislation and other

measures are only effective if coupled with appropriate levels of enforcement and inspection at a local level.

Once mitigation measures have been implemented it is important to verify the extent to which these are effective. These are normally the
responsibility of the catchment control authorities, but water suppliers will need to work closely with such organisations to ensure that the pollution

control regime adopted is effective in protecting their abstractions.

The control points for different catchment risks will vary considerably but could include:
e Raw water monitoring within the catchment or at the point of abstraction
e Routine monitoring and inspection of point source discharges as well as industrial, commercial or other high risk sites
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e Routine inspection of land use to confirm whether or not the required change in practice has occurred (e.g. livestock density, changed
land use or cropping)
e  Maintenance of records by land users of such things as pesticide and fertiliser usage

e  Training and certification requirements for land users.

The particular pollutants that need to be considered will vary widely from catchment to catchment, but could include one or more of the following:

(48) 4.5.2 Naturally occurring surface water pollutants

There are a number of pollutants which can arise naturally in surface waters. However, in many cases these can be made much worse through man’s
activities. They include:

. Metals such as iron, manganese, and aluminium which if not removed by treatment can give rise to water discolouration.

. Increased turbidity particularly after rainfall which can impact the efficiency of disinfection and other treatment processes

. Natural organic matter (NOM) which can adversely impact on disinfection effectiveness through increased oxidation demand and also
lead to increased formation of disinfection byproducts. Depending on the composition it can also provide a nutrient source for microbial
regrowth within the distribution network.

e  Proliferation of algae due to eutrophication (see section 4.5.13 below).

e In areas with peat soils high levels of humic material can leach into the raw water and thus increase water colouration and also the risk

of increased disinfection byproduct formation (see section 4.5.14 below).

Mitigation measures can be difficult. Where natural levels of turbidity are increased due to mining, construction or other industrial activity
then this can be controlled though a requirement to manage site runoff by passage through settlement lagoons or equivalent (see later). Loss of soil
from agricultural land and forestry can be reduced by improved soil and land management practice. Mitigation of eutrophication and humic
materials is dealt with in later sections.

49) 4.5.3 Natural groundwater hazards

Reactions of rainwater in the soil/rock profile during infiltration and percolation provide groundwater with its essential mineral composition. It
takes up carbon dioxide, and the resultant weak acid dissolves soluble minerals. In humid climates with regular recharge, groundwater moves
continuously and contact times can be relatively short with only the most readily soluble minerals being dissolved.

Nine major chemical constituents (Na, Ca, Mg, K, HCO3, Cl, SO4, NO3, and Si) make up 99% of the solute content of natural groundwaters.
The proportion of each of these constituents, and of the associated trace elements, reflects subsurface groundwater flow path and hydro-geochemical
evolution of the groundwater concerned. Aquifer rock-type is also important, since, for example, groundwater movement in crystalline rocks occurs
relatively rapidly via joints and fractures, and the rocks themselves are generally not very soluble.

Groundwater in the recharge areas of humid regions is likely to be low in overall mineralisation, compared to that in arid or semi-arid regions
where the combination of evaporative concentration and slower groundwater movement can produce much higher concentrations. Elevated
concentrations of specific solutes can occur in certain hydrogeological settings, such as high sulphate concentrations associated with the weathering
of some basement rocks or dissolution of gypsum in sedimentary sequences, hardness associated with carbonate rocks or from association with
some types of geothermal activity.

Although trace elements make up only 1% of naturally-occurring dissolved constituents in groundwater, they can sometimes make it unfit or
unacceptable for consumption. At the same time many trace elements are essential for human and/or animal health in small quantities and may be
derived from drinking water or solid food. However, the desirable concentration range may be small, and some trace elements are harmful at higher
levels (e.g. fluoride). Others are potentially harmful to health, even at very low concentrations (e.g. arsenic and uranium).

Certain elements, particularly As, F, and Se have been identified by WHO as presenting known health risks in groundwater. Other elements,
notably Mn, Ni, U and Al, are of increasing concern and may merit further investigation. The concentration of some of these constituents can also
be increased through the impact of polluting activities at the land surface. It is thus important for management purposes to differentiate
anthropogenic impacts from naturally-occurring problems. This will require investment in detailed groundwater investigation and monitoring. As
well those minerals of significance for health, a number will also impact on consumer acceptability, particularly those such as iron and manganese
which can lead to water discolouration. Highly mineralised sources can also be unacceptable to consumers due to adverse taste or formation of
hardness scale in hot drinks and hot water plumbing systems.

All groundwater sources should be analysed for mineral composition, before being developed for water supply purposes, although the resources

for doing this may be less readily available in some developed countries. The level of key minerals should be assessed against national health
guidelines and/or advice from WHO. Consumer acceptability issues may also need to be taken into account. Where levels are of potential concern
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the action to be taken will depend on local circumstances including the scale of any potential problem, the level of financial resources available,
and availability of suitable alternative public supply sources. Mitigation measures fall into three main areas. If none of the options are readily
available then the action taken will require more detailed evaluation in conjunction with the relevant health and other authorities.
1. Closure of source
In larger utilities where alternative water resources are available, it might be most cost effective to simply close the source and replace
it with water from other supplies.
2. Removal through treatment
Depending on the mineral involved and its concentration, suitable treatment may be installed.
3. Blending with other sources before supply
The source may be blended before distribution with water from another source with lower levels of the relevant mineral. In such
situations however a full risk assessment should be taken to ensure that levels in supply can be maintained at appropriate levels allowing
for natural variation in raw water levels and reliability of the blending infrastructure (e.g. pumping plant).

(50) 4.5.4 Microbiological hazards

All surface waters are likely to have a wide range of microbiological hazards present. They include bacteria, viruses, protozoa and in some situations
other organisms such as Helminths. They originate mainly from human sewage disposal and from farm animals and their wastes. In some situations
wild animals can also be a significant source of microbial pollution. The microbial load in raw waters can be considerably increased during storm
or other adverse weather conditions and this needs to be taken into account as part of the WSP risk assessment. Much more information on the risks
associated with specific organisms is available from WHO (WHO 2004).

The unsaturated and saturated zones of aquifers are usually efficient in degrading microbiological hazards. Therefore, for deep well protected
aquifers microbiological contamination in groundwater is much less common. However, some aquifers are much more vulnerable to microbial
contamination e.g. those which are unconfined and with shallow water level. Additionally inadequate design, construction or maintenance of the
well and boreholes headworks can allow direct ingress of microbial pollution from surface water or shallow aquifer layers.

Microbial pollution of raw water can be a major hazard for drinking water supplies. Indeed many of the most serious incidents of waterborne
disease, even in wealthy developed countries, have been due to an unrecognised increase in the microbial load in raw water coupled with inadequate
disinfection barriers (Hrudey and Hrudey 2004). Typically a major risk can occur when one or more of the following situations arises:

e The microbial load in the raw water increases above the level that can be removed by the existing disinfection barriers

e The type of microbial load changes e.g. increased levels of cryptosporidium which the plant was not designed to cope with

e The effectiveness of the existing disinfection barriers reduces e.g. due to failure or poor maintenance of treatment plant, treatment
processes or units being out of commission for maintenance, or an unrecognised increase in the raw water turbidity or oxidation demand

which reduces disinfection effectiveness
Because of the importance for protection of public health, the catchment WSP should ensure that there is an ongoing assessment of the risk
from microbial contamination of the raw water under all types of weather conditions. Particular attention should be given to Cryptosporidium or
other parasites because unlike most bacteria and viruses they are not removed or inactivated by conventional chemical disinfection. In conjunction
with the catchment management authorities, new developments which might pose a risk of increased raw water microbial contamination (e.g. new
human settlements, increased livestock density, or animal processing plants) should be assessed and wherever possible mitigation actions taken.

Except where there is absolute certainty that raw water microbial contamination cannot occur then robust disinfection treatment processes will
be necessary to ensure that the treated water remains safe at all times. If cryptosporidium or other protozoa may be present then treatment will
need to ensure that the organisms are physically removed (e.g. through filtration) or inactivated. In larger, particularly surface, catchments, complete
mitigation of microbial risks can be difficult and thus disinfection needs to be correspondingly more rigorous. However, in smaller or less developed
catchments where treatment plant may have limited disinfection, some mitigation of raw water risk may be possible for example:

e For vulnerable groundwaters/spring sources by fencing to restrict animal access around the immediate source catchment area and by
ensuring that well head design and construction is adequate and well maintained (see section 5.xx).

e Inupland areas livestock can be kept away from catchment feeder streams by fencing and provision of separate watering facilities

e Where possible temporarily ceasing abstraction or using alternative supply sources if raw water quality deteriorates to a level where

disinfection may be compromised

(51) 4.5.5 Sewage and wastewater reuse

As described above human sewage can pose a major microbial risk to water treatment works. However, depending on the level and effectiveness
of treatment, sewage disposal and sludge disposal can be a significant source of ammonia, nitrate and natural organic material and also in industrial
catchments a wide range of organic and inorganic pollutants. Risks can be mitigated through legally enforceable requirements to treat sewage to
defined levels, manage sewer system surcharge in storm conditions, and properly treat and dispose of wastewater sludges.

In groundwater, reuse is being increasingly adopted for managed aquifer recharge (MAR). The main objectives are to store water for future use,
implement recharge rates in overexploited areas, use the aquifer as effluent treatment system, and serve as a low-cost option to minimize surface
runoff. There are many techniques to infiltrate sewage and wastewater, divided in two main groups: infiltration in the riverbed and outside of the
riverbed. Careful evaluation of the wastewater quality is necessary in order to only inject water with contaminants that are degradable in the aquifer.
Due to the aquifer contamination risks involved, MAR should only be done in situations where it is really necessary, such as semi-arid and arid
regions, and in costal areas to control saline intrusion. More information is available in XXXX.
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(52) 4.5.6 Pesticides

Use of pesticides can pose risks to the quality of raw water used to produce drinking water. The treated water standards which apply to pesticides
will vary from country to country. In many places standards are based on the toxicity of individual substances (WHO 2004) but in Europe there is
an extremely stringent limit for pesticides (0.1 parts per billion) that is at a level which effectively represents a surrogate for zero.

Pesticides are used particularly in arable agriculture, animal husbandry and forestry, but also for amenity purposes, e.g. control of weeds on
roads and other impermeable paved surfaces, on railways, and in parks, sports facilities and gardens.

Except where bad practice is used, normally only a small proportion of agrochemicals applied are leached to water, losses rarely reach 5% of
total active ingredient applied and more normally are less that 1% (Foster and Hirata, 1988). This results from a complex interaction between:
. Crop and cultivation type
. Soil properties
. Rainfall , drainage and irrigation regime
. Management of soil and agrochemical applications,

However, even with this potentially low leaching loss, pesticides can still pose significant risks to drinking water, particularly in those areas
which have very strict standards such as Europe. The risks are typically higher in surface water, particularly from the use of mobile and persistent
products in agriculture. Problems can also arise due to use of pesticides on drained hard surfaces such as roads and railways. Pesticides can reach
surface water from a number of routes:

. Overspray of streams and ditches

. Poor storage and handling in farmyards

. Overland run-off

. Leaching through soil horizons

. Loss through field drainage where installed

Pesticides tend to be less of a risk to groundwater resources in rural areas, but may be an issue in urban areas due to excessive or incorrect
application on unpaved areas, recreational facilities, and other locations. Pesticide contamination of groundwater can also occur due to inadequate
pesticide storage and handling, and also use on railways and similar areas where the attenuation effects of soil may be bypassed.

Effective mitigation of pesticide risks first requires a good knowledge of pesticide usage in the catchment, including what is used, for what
purpose, when and how. This must be associated with mapping of the agricultural and other land use in the catchment, as well as the soil type and
underlying geology. With this information models are now available which enable an estimate of the risk that pesticides might leach to surface or
groundwater. There is an increasing amount of best practice information available on how losses from all sources can be reduced but this requires
the active cooperation of users and other catchment stakeholders. In many countries there are also rigorous legislative requirements for pesticides
which may specify specific authorisation for use and storage of pesticides, as well as conditions of use including rate of application, timing of
application, or restrictions for particular purposes. There may also be statutory requirements for training/ certification of users and disposal of used

containers.

(53) 4.5.7 Nitrate

The WHO guideline value for nitrate is 50mg/1 (as NO3). In many parts of the world this value can be exceeded, or is at risk of being exceeded,
in raw drinking water resources, particularly groundwater. The causes can be complex but mainly originate from intensive farming due to excessive
use of manures and fertilisers as well as from land management such as ploughing and other activities which releases organically bound N. Nitrate

contamination can also arise from poorly controlled treatment and disposal facilities for sewage and sewage sludge.

Extensive areas of monoculture generate the most serious diffuse contamination of groundwater by nitrate. More traditional crop rotations,
extensive pasture land, and ecological farming systems normally present less probability of a subsurface contaminant load. Agriculture involving
the cultivation of perennial crops also normally has much lower leaching losses than where seasonal cropping is practiced, because there is less
disturbance and aeration of the soil and also a more continuous plant demand for nutrients. However, when perennial crops have to be renewed and
the soil ploughed, there can be major release and leaching of nutrients. Values of leaching losses obtained from the literature indicate that up to
75% of the total N applied can be oxidized and leached to groundwater (although values of 50% are more common). In some areas other potential
sources of groundwater nitrate contamination need to be considered. For example, especially in the more arid climates, agricultural irrigation with
wastewater can be an issue. Wastewaters invariably contain nutrients and salts in excess of crop requirements which can lead to significant leaching

losses from agricultural soils.

As with pesticides, mitigation of nitrate losses requires a good knowledge of land use in the catchment, as well as mapping the soil type and
underlying geology. With this information models are now available which enable an estimate of the risk that nitrate can pose to surface or

CM Drinking Water Quality Plans Business Case Page 41

87



AFW Securing Cost Efficiency Appendices

groundwater. Mitigation measures are normally based on cropping, fertiliser and land use changes to reduce leaching rates, but this often requires
legislation to be effective.

In urban areas, nitrate can derive from leakage from existing sewer systems but a particular nitrate problem can arise where sewerage
infrastructure is poor or non existent. In such situations local sanitation arrangements (latrines and septic tanks) mainly in high dense populated
areas presents a significant aquifer quality hazard, which needs to be managed. This problem is further exacerbated if the local communities also
self-supply drinking water from groundwater. In most aquifer types, except the vulnerable shallow sources, there will be sufficient natural
groundwater protection to eliminate faecal pathogens in percolating wastewater from properly constructed in situ sanitation. However, elevated
concentration of nitrogen compounds (usually nitrate) will also be present in varying degree according to the population density served by latrines
and septic systems. Mitigation requires long term investment to install mains sewerage or, in specific areas improved septic tanks can be used.

(54) 4.5.8 Urban development and runoff

As described above, urban development, particularly in less affluent countries can be a significant source of nitrate groundwater pollution.
Additionally rainwater runoff from roads in urban areas, particularly when intense storms follow a very dry period, can lead to highly complex
polluting discharge containing nitrate, ammonia, heavy metals, pesticides, hydrocarbons, oil and greases, and other inorganic and organic material.
Water suppliers will need to assess these risks as part their catchment WSP. Mitigation can be difficult but where the risks are significant could
involve interception and treatment of “first flush” storm water.

(55) 4.5.9 Fuel storage and transport

Fuel storage and transport, either though pipelines or by road, represent a common source of raw water contamination in both surface waters and
groundwaters used for drinking water production. When oil leaks or is spilled an often complex mixture of hydrocarbons can present a significant
toxic hazard to waterworks abstractions. Even at lower concentration, hydrocarbons can often lead to taste complaints in treated water. If the soil
and underlying groundwater is severely contaminated with oil residues this can have an impact for decades. The problem is often related to corrosion
and thus leakage from storage tanks and pipe work. This can be due to a number of factors including poor design, construction and maintenance.

Accidental oil tanker spills can occur in routine operations of fuel loading, unloading and provisioning. Other diffuse sources, e.g. from highway
drainage systems must also be considered (see above).

Mitigation of risks from oil leaks and spills can be secured through a range of either voluntary or statutory best practice measures underpinned
by risk based procedures to identify and correct potentially corroded fuel storage and transport infrastructure before it leaks. This can be helped by
a risk classification of different plant and equipment linked to regular inspection and maintenance procedures. For example tank corrosion is often
associated with its age and there is a strong correlation that tanks more than 20 years old are often seriously corroded and subject to leaks unless
they receive regular maintenance. Additional security can be obtained by the design of oil storage facilities so that even if leaks occur the oil can
be contained on site without causing pollution. For example tanks installed above ground should have leak proof bunds sufficient to contain at
least the volume of oil stored. Level indicators and alarms can warn of potential problems. If tanks must be kept underground then they should be
double skinned and again with level indicators and alarms. Drainage from sites with oil storage and or subject to regular vehicle use should have
oil traps to protect surface water drainage systems.

(56) 4.5.10 Industry

The range of industrial contaminants that can affect water supply abstractions is potentially very large. As well as potential toxic threats, many
industrial substances can also provide a risk to water supplies because of their potential to cause unacceptable tastes and odours at levels well below
that which might give rise to a toxic hazard. For example, it has been found that even a few hundred litres of some solvents or hydrocarbons spilled
many km upstream of a surface water intake can give rise to tastes in final drinking water. This can also occur with substances such as phenols
which can react with chlorine to create unacceptable tastes in the final water distributed to consumers. Some substances such as chlorinated or
other solvents can pose a significant risk to groundwater if they enter the sub surface layers.

Because of the range and complexity of industrial installations, particularly in large catchments, risk assessment and mitigation can be difficult
and time consuming. However, a typical approach could include the creation by the catchment management authorities of an inventory of all
significant industrial installations and activities within the catchment. Those with particular risks to water supply abstractions and/or the
environment generally should then be subject to statutory or voluntary controls to reduce the risk that chemical hazards can enter the aquatic or
subsurface environment at levels of concern. The control methods used will vary but could include one or more of the following:

. Treatment of process and other harmful wastes with discharge controlled through permits specifying volume and concentration of
pollutants

. Permits specifying requirements for biological wastes discharged to sewer for treatment at a sewage works e.g. maximum metal limits

. Requirements covering storage and disposal of hazardous material which might pose a risk to soils or groundwater

. Requirements that surface water drainage from industrial sites be subject to treatment through interceptors to contain any spillage on site

. Measures to minimise the risk of leaks from chemical storage tanks and pipelines though inspection and maintenance, coupled with
bunding requirements to contain spills that do occur

. Restriction or banning the use of certain particularly harmful chemicals
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57 4.5.11 Solid waste disposal

Inadequate disposal of solid waste is responsible for a significant number of cases of groundwater pollution (USEPA, 1980). In some situations
leachate from waste sites may also pose a risk to surface water abstractions. This problem is more prevalent in wet regions where substantial
volumes of leachate may be generated from these facilities, but it also occurs in more arid climates where leachates will generally be more
concentrated. The subsurface contaminant load generated from a waste tip or sanitary landfill is a function of two factors:

e The probability of the existence of contaminants in the solid waste

e The generation of a hydraulic surcharge sufficient to leach such contaminants.

Measures to mitigate this potential source of contamination relate mainly to ensuring that both the base and surface of the solid waste disposal
area are impermeable. This should be a requirement for any newly constructed sites but this may not be practical for old pre-existing sites. In
such situations, and for all new sites, this will normally require the collection and treatment of leachates. It is also good practice to monitor
groundwater in the vicinity of waste sites to monitor any potential risk impacts to aquifers.

(58) 4.5.12 Mining and mineral extraction

To be completed

(59) 4.5.13 Algae and algal toxins

Proliferation of algae due to eutrophication (nutrient enrichment) of surface waters, especially in lakes and reservoirs, can lead to tastes/odours
which are unacceptable to consumers. They can also lead to increased oxidation demand and thus impact on disinfection efficiency and disinfection
by-product formation. Of particular importance is the fact that the presence of algae has also been recognised as a serious potential human health
risk. High concentrations “blooms” of Cyanobacteria (blue-green algae), such as Microcystis sp. and Anabaena sp. can occur in slow-moving or
still surface waters with a moderate to high concentration of nutrients, particularly phosphorus. In perhaps 50% of cases these can produce a range
of toxins (Cyanotoxins) which if ingested through drinking water can represent a risk to human health (Chorus and Bartram, 1999).

Mitigation measures for Cyanobacterial bloom formation need to address their growth requirements, by control and reduction of external
nutrient loading to the water body, and where possible light availability (e.g. artificial mixing). Since major sources of external nutrient inputs are
run-off and erosion from fertilised agricultural areas, erosion resulting from deforestation, and sewage, this may require improvement of agricultural

land use practices and by applying advanced wastewater treatment methods for nutrient removal.

Management of raw water abstraction can be also effective in reducing the amount of Cyanobacteria entering the water supply system. This can
be achieved by choosing an optimum position (site and depth) for pumped abstractions from surface water bodies, or where practical by abstracting
surface water through bank filtration. In addition it has been shown that the use of submerged barley straw can help to mitigate adverse impact of

algal blooms if properly installed around surface abstraction points (Ref xxxx)

(60) 4.5.14 Colour in upland catchments

The colour of raw water is usually classified as either “real” colour caused by dissolved matter or “apparent” colour due to the presence of
suspended or colloidal material. The most common colours of natural waters are yellow and brown and are caused by the presence of organic matter
originates from peat soils, and decayed vegetation. In general brown and yellow natural compounds in unpolluted waters are known as humic
substances. Four groups of humic substances can be distinguished based on their solubility in various solvents: fulvic acids (about 90% of total
humic substances), hymatomelanic acids, humic acids and humus coal. In some waters the brown colour is enhanced by the presence of iron and

manganese.

Raw water colour can be typically be removed by conventional coagulation, clarification and filtration. However when chemical oxidation (e.g.,
chlorine, ozone) is used then care has to be taken to avoid excessive levels of disinfection byproducts.

In some catchments the level of colour can be significantly exacerbated by the way the catchment is managed due to .... More to come

(61) 4.5.15 Radiological

Health effects from radiological contaminants in drinking water depend on the specific contaminant. Risks to surface water abstractions can arise
from industrial, medical and military sites using nuclear material. Mitigation of risks is similar to that for other industrial contaminants, although
the hazardous nature of the material means that controls over use and emissions are likely to be stringent.

However, due to its percolation through the soil, groundwater sources may poses more vulnerability to the threats from radiological compounds
due to its facility to dissolve elements such as uranium and other naturally-occurring radiological elements. The actual risk can only be assessed

by evaluation of the naturally occurring elements (see 4.5.3 above).
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(62) 4.5.16 Saline intrusion

Excessive abstraction can result in saline and sometimes other pollution of groundwater through induced flow into freshwater aquifer. This situation
is common in coastal aquifers (marine intrusion), but also involves problems inland with contaminated aquifer. The main contaminants of concern
involve mainly chloride, but can also include persistent human made contaminants, including nitrate, chlorinated solvents among others. The risk
of such intrusions can be reduced by use of flow models which allows a calculation of the extraction rate that will not induce contaminated water

into the aquifer.

(63) 4.5.17 Recreation

Some raw water storage reservoirs used for drinking water production are in protected catchments where human access is strictly controlled.
In other situations raw drinking water reservoirs may be used for recreational purposes, for example boating, sailing or fishing. Depending on the
extent of such recreational activity and the level and type of treatment available at the water treatment plant this could in some situations pose a
small risk to raw water quality. Any potential risk needs to be assessed and appropriate mitigation measures adopted for example restricting the
use of petrol powered boats which could leach fuel boats and strictly controlling disposal of human wastes.
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7.4 Appendix 5: AM739 - DWSP Catchment Survey and Risk
Assessment Methodology

*** The rest of this document can be made available on request ***

Purpose
To capture and document the process for carrying out a catchment risk assessment on a defined catchment area

|
CM Drinking Water Quality Plans Business Case Page 44

90



AFW Securing Cost Efficiency Appendices

Scope
This methodology applies to anyone carrying out a catchment risk assessment as part of catchment management activities or as part
of work on Drinking Water Safety Plans

Audience
e  Asset Strategy — all levels of knowledge base
Water Quality Services

Introduction

A land use survey is conducted to ascertain potential sources of point and diffuse pollutants within the catchment area of a borehole,
reservoir or river. The risk assessment includes the ‘source’ characteristics which relate to land use and inferred potential pollutants
associated with the land use activity, ‘pathway’ characteristics, which are the properties of the aquifer or surface water and ‘receptor’
characteristics, being the borehole or surface water intake.

This methodology has been developed following guidance from ‘Drinking water quality management from catchment to customer’
Chapter 4: Developing a catchment water safety plan

Contents

Purpose, Scope, Audience 1

Introduction 1

Catchment Risk Assessment process diagram 3

Table 1 Location for saving process outputs documents 4

Section 1 Land use survey methodology 5

Section 1.1 Define catchment area 5

Section 1.2 GIS map book 6

Section 1.3 Pre-land use survey desk top study 14
Section 1.4 Land use survey preparation 15
Section 2 GIS land use map 17
Section 2.1 Setting up Arc GIS to transfer land use survey onto GIS land use maps 17
Section 2.2 How to display your individual catchment SPZ 20
Section 2.3 Select land parcels located within SPZ catchment boundary 24
Section 2.4 Transferring land use survey notes onto GIS 26
Section 2.5 Populating land use polygons 27
Section 2.6 Calculating the total catchment area and land use %’s 29
Section 3 Water Quality Analysis 33
Section 3.1 If water quality data has been exported before 33
Section 3.2 If water quality data has not been exported before 37
Section 3.3 Instructions for using the VBA colour coding water quality formula 39
Section 4 Risk scoring methodology 43
Section 4.1 Geology/Hydrogeology 44
Section 4.2 Drought 49
Section 4.3 Flood risk 52
Section 4.4 Review of Downhole inspections 55
Section 4.5 Risk scoring (Phase 1, Phase 2, Phase 3 and comments) 56
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Appendix 1
Land use survey Task risk assessment 66
Appendix 2
Generic Land Use Data Sheet 73

Catchment Risk Assessment Process:

Define catchment

Desk top study

Land use survey  f—

Prepare equipment

Task Risk Assessment

|
|
S5 Wap Book ]
|
|
|

Visual Survey

Create GIS feature class (.gdb file) I

Capture landfills and contaminated land I
Land use map  §—

Populate land use polygons I

Calculate catchment area and land use % I

Revisit process every
5 years

I A

Water quality analysis |

—>| Source impacts under drought and flood |

Risk identification g—

L}I Review of Downhole inspection history I

—>| Risk score each land use type |

—DI Capture regulatory control measures I

Review RA when
changes to land use,
inci or Risk 1
emerging pollutant
risk Finalise risk assessment document

Y
Submit to DWSP
Team for T

Risk Assessment

7.5 Appendix 6: Business requirements to support options
appraisal (MoSCoW)

7.5.1 Requirements Priority Matrix

|
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Table 4 Requirements Priority Matrix

Designation Explanation

Must The solution will not be accepted if a requirement that has a priority

of 'Must' has not been delivered

Should The requirement with a priority of 'Should' would provide business
benefit, but the business would accept a solution where this
requirement was not delivered e.g. the solution could be delivered
by other projects/changes of working practice. If possible the solution

should deliver these requirements

The requirement with a priority of 'Could’' may provide some business
benefit, but not as much as the requirements that have been
prioritised as 'should' and 'must. The business would accept a
solution where this requirement was not delivered.

Could

Won't Won't do this now but may wish to implement in the future

7.5.2 Functional Requirements

Table 5 Functional Requirements

Requirement Description Rationale Priority
Undertake water quality trend To identify rising trends in
analysis over a minimum 5-year contaminant risk to support the risk
period (recommendation of 10 assessment and identify where
years) for all groundwater sources further catchment-based
and surface works investigations are required Must
Carry out a physical land use survey | To identify current land use, and
(or desk assessment using remote where land use has changed over
sensing for medium/low risk the previous 5 years to identify
sources) for each groundwater potential pollutant risks from certain
source land use types to support water
quality trend analysis and risk Must
Develop a catchment action plan for | To proactively identify the
high risk pollution risks and/or source/pathway for the contaminant
emerging contaminant risks risk, identify the potential for
catchment mitigation measures and
support future options appraisal for
catchment mitigation schemes Should
Proactively search, review and Water companies are not statutory
respond to planning applications consultees within the planning
that may pose a risk to water quality | process and our regulators who are
(e.g. major land use change or statutory consultees (EA) do not
development on contaminated land) | always consider public water supply Should
risk in their responses leaving us

|
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vulnerable if the appropriate
conditions are not in place

7.5.3 Non-Functional Requirements

Table 6 Non-Functional Requirements

Requirement Description Rationale Priority
1 Deliver at least one catchment risk This is a regulatory requirement

assessment for each groundwater under Regulations 27 and 28 of

source during AMP7, or where Water Supply (Water Quality)

major land use change or pollution Regulations 2000 (Drinking Water

incident has occurred, as part of the | Safety Plans) which is subject to

existing rolling programme audit by the DWI Must
2 Compliance with relevant Affinity Ensure high quality of work Must

Water standards and policies
3 Governance documentation Ensure business case is valid and Must

completed in line with project all stakeholders retain buy-in

lifecycle throughout project
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Action ref AFW.CE.A1

Catchment management: Groundwater Pesticides
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1 Document Purpose

The purpose of the Project Business Case is to describe the reasons for the project and the
justification for undertaking it, based on the estimated costs of the project, the expected business
benefits, savings and risks.

The Business case will also present all the options that have been assessed to deliver the project
outcome and will indicate the preferred option out of all considered.

During the project a Business Case is a major controlled document that is referenced on a regular
basis to ensure and confirm that the project remains viable. It is maintained throughout the
lifecycle of the project, being reviewed by key stakeholders at key decision points, i.e. at the end
of a phase.

2 Executive Summary
2.1 Introduction

Water supplied from NORM WTW periodically exceeds the drinking water standard for a number
of agricultural and amenity pesticides. Water Industry National Environment Programme (WINEP)
Investigations carried out by the catchment management team in AMP6 identified the source(s)
and pathway(s) for these pesticides alongside delivering a pesticide reduction scheme for
metaldehyde, which has since been banned for outdoor use.

The outcomes of these investigations determined that catchment management could be effective
in mitigating the risk posed by these pesticides and provide greater long-term resilience to our
sources and existing treatment. These investigations also identified additional risk posed to the
LANE group of sources due to the interconnectivity of the high-risk catchments considered to be
primary sources for these pollutants. This business case sets out the justification for delivering
catchment management measures to mitigate the risk of pesticide exceedances for our
vulnerable groundwater sources in Hertfordshire. This document also describes the options
appraisal undertaken the reasoning behind the selection of the preferred option.

2.2 Drivers

The Groundwater Pesticides Catchment Management scheme drivers include:

e To reduce raw and final water exceedances of the drinking water standard for a range of
pesticides at the NORM and LANE group of sources.

e Support achievement of Customer Outcome 3: Supplying high quality water that
customers can trust.

e Legal Undertakings for individual and total pesticides agreed with the Drinking Water
Inspectorate (DWI) for the NORM group of sources in AMP?7.

o Meet our regulatory expectations to deliver catchment management under the 'no
deterioration’ driver of the Water Framework Directive (WFD) agreed with the Environment
Agency (EA) through the Water Industry National Environment Programme (WINEP).

e Work in partnership with neighbouring water companies, regulators, farmers, agronomists
and other agencies to incentivise best practice techniques in reducing pesticide losses to
water.

CM Groundwater Pesticides Business Case Page 6
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e Provide greater resilience to our treatment works and reduce the need for imports, future
treatment investment and reduce GAC regeneration frequency by recognising and
incentivising farmers (and other pesticide users) as producers of clean water.

e Meet the expectations specified in the Blueprint for Water coalition's ‘manifesto on
environmental investment for PR19" and the expectations of the Drinking Water
Inspectorate (DWI) in Guidance Note: Long term planning for the quality of drinking water
supplies.

2.3 Best value option

The best value option is Option 2 - Catchment Management Enhanced at targeted
catchment scale.

This option expands the current AMP6 catchment management schemes for metaldehyde to
mitigate risk of Individual and Total Pesticide breaches. The foundation of this option is a 'Payment
for Ecosystem Services' approach, viewing farmers as producers of clean raw water and develops
a series of incentive mechanisms to achieve best practice in crop protection to sustainably
improve water quality reducing the need for future treatment investment and providing greater
resilience for current treatment and blending options.

A successful, long term reduction in diffuse pesticide pollution affecting raw abstracted water
could lead to a reduction in the need for future treatment and a greater resilience for existing
treatment and blending options at these abstractions. It also allows water transfer across the
company's supply area without regulatory restrictions on deterioration of water quality.

This is the best value option as it:
e Potential to achieve greatest water quality benefit vs cost benefit.

e Builds on the NORM DrWPA catchment management scheme for metaldehyde
undertaken in AMP6 and expands the scope and scale of existing pesticide reduction
schemes to all "at risk" pesticides to the LANE and NORM groups based on robust
evidence gathered from AMP6 schemes and catchment investigations since 2010.

o |t utilises the outcomes of the WINEP investigation into at risk pesticides undertaken in
AMPS6, completed in 2017 and signed off by the EA which supported the options appraisal
for this scheme (Appendix 1).

e The approach in this options targets catchment areas where pesticide reduction schemes,
infrastructure grants (e.g. pesticide handling areas) and constructed wetlands can achieve
the greatest benefit and utilises resources effectively to represent the best value to the
customer.

e Meets all regulatory expectations under WFD/WINEP and legal Undertakings agreed with
the DWI for AMP7.

e This option has been developed to ensure it meets the requirements of the EA PR19 driver
guidance for DrWPA schemes and the DWI long term planning for water quality guidance
by recognising our water catchments as critical assets.

CM Groundwater Pesticides Business Case Page 7
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o This approach seeks to reduce diffuse agricultural pollution at the source providing greater
resilience to existing treatment and blending options.

This option will utilises the findings of an innovative hydrogeological investigation carried out in
AMP6 carrying a pesticide risk assessment of Karst geological features (e.g. stream sinks) as
pathways for pesticide pollution to our abstractions (Appendix 6). The preferred option initiates
measures including pesticide reduction schemes and constructed wetlands to mitigate the risks
of these pollutant pathways. This scheme will also develop an innovative Payment for Ecosystem
Services (PES) mechanism for incentivizing farmers as producers of clean water in the
catchment.

In addition, this project will seek to utilize a range of emerging technologies including satellite
imagery, remote sensing, passive samplers and catchment trading platforms and will aim to
ascertain the wider ecosystem services benefits of the schemes and undertake Natural Capital
assessments to support future business planning.

There is an expectation from Defra, DWI and the EA for water companies to increase their focus
on catchment management and incorporate this into the long-term planning for managing water
quality in line with the Water Framework Directive (WFD). Article 7 of WFD stipulates a move
away from end of pipe treatment solutions to managing risks and issues at the source. This option
facilitates the development of catchment action plans to manage pesticide risks in these
catchments.

2.4 Cost summary table

Table 1 Costings for the Best Value Option

Preferred Y1 Y2 Y3 Y4 Y5 Y10 Y20
Option:

Costs £244,000 | £340,000 | £490,000 | £490,000 | £320,000
(capex)

Costs £10,000 |£10,000 |£10,000 |£10,000 | £10,000
(opex)
Total costs | £254,000 | £350,000 | £500,000 | £500,000 | £340,000 | £0 £0
(capex, risk
+ opex)
Total
revenue

Funding £254,000 | £350,000 | £500,000 | £500,000 | £340,000 | £0 £0
requirement
(capex +
opex —
revenue)

NPV (£k) -199.5 -294.2 -494.2 -494.2 -262.2 -1,372 | -1,012

Please see section 4.3 for commentary around the NPV assessment.
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2.5 Customer benefits and resilience benefits

The primary purpose of this investment is to reduced pesticide exceedances at our NORM and
sources and LANE group to provide greater resilience to our assets, meet our legal Undertakings
for pesticides agreed with the DWI and our regulatory expectations under the Water Framework
Directive (WFD) ‘no deterioration’ driver delivered through the Water Industry National
Environment Programme (WINEP). This project can deliver a range of additional benefits
including:

e Supports a longer-term strategy of reducing diffuse agricultural pollution at the source in
order to prevent further deterioration of water quality and associated treatment
needs/costs and delivers on WFD Article 7 requirements.

e Supports achieving our performance commitment ‘Water Quality Compliance, Compliance
Risk Index (CRI) target performance.

e Supports achievement of Customer Outcome 3: Supplying high quality water that
customers can trust.

e Develops a stronger understanding of our catchments and the risks posed to public water
supply.

e Changing our approach to managing pollution risks from reactive to proactive.

o Wider ecosystem services benefits realised through reduction in soil/sediments losses
and associated pollutants to surface waters.

¢ Proactively engages with and develops positive collaboration and enhanced reputation
with key stakeholders including: our customers and communities, Defra, EA, Natural
England, water companies, landowners, farmers, agronomists and environmental groups.

e Long term objective of reducing capex and opex costs for future treatment investment and
ongoing operational costs.

2.6 Methodology

The need for the project was identified based on the current scheme being delivered for
metaldehyde in the NORM Drinking Water Protected Area (DrWPA) and WINEP pesticide
investigations. Investigations carried out during AMP6 which concluded in March 2017 (Appendix
1) identified a number of "at risk" pesticides contributing to periodic deterioration of water quality
at our LANE and NORM group of sources. These investigations identified priority catchments to
focus future pesticide reductions schemes and this project has been developed to work
collaboratively with farmers, regulators and other key stakeholders in these high-risk catchments
to mitigate these pesticide risks. The preferred option expands on existing schemes trialled for
metaldehyde in AMP6 and further develops the approach, focusing on key high-risk catchments
to address the wider diffuse agricultural pollution risks to public water supply. The methodology
will apply a Payment for Ecosystem Services mechanism to drive best practice in sustainable
crop protection and where significant risk is identified at the farm/field scale, will incentivize land
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use change to achieve improvements in raw water quality. Costs for this project have been
derived using an inhouse PR19 unit cost model for each source/scheme (Appendix 2 and 3).
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3 Defined Need and Dependencies
3.1 Defined need

In 2009, we identified that water supplied from NORM WTW periodically exceeded the drinking
water standard for metaldehyde. Following our investigations, we concluded that our pesticide
treatment was inadequate to remove this particular pesticide to below the standard. In 2010, we
gave Undertakings for metaldehyde to the Drinking Water Inspectorate (DWI). In these
Undertakings, we committed to review and investigate our current abstraction regimes and
pesticide monitoring strategy as well as review new technology and participate in industry
research to achieve compliance and to undertake catchment management investigations to
identify the source of metaldehyde and develop catchment-based mitigation measures to reduce
the issue at the source. These Undertakings were extended till 2020 as a consequence.

A series of investigations were also agreed with the EA and carried out during AMP6 under the
WINEP 'no deterioration' driver. These investigations required us to identify the sources and
pathways of diffuse and point source pesticide pollution and identify measures required to mitigate
the risk to drinking water supply. The evidence used to support decision-making on where to focus
the pesticide reduction schemes was gathered through this programme of detailed catchment
investigations completed in March 2017 in order to inform the investment decisions for enhanced
catchment management schemes for PR19. Further detail can be found in Appendix 1: National
Environment Programme Water Quality Schemes: Groundwater Pesticides Investigation Report.
These investigations concluded:

e The complex hydrology and hydrogeology of the Mimmshall Brook and ESSE Brook
catchments has a significant influence on groundwater quality for NORM and ESSE
respectively. Targeted measures based on geography and topography alone will not be
effective in reducing concentrations of the pesticides subject to investigation to levels below
the drinking water standard (DWS). A holistic approach to implementing catchment schemes
across the whole catchment area is required. Targeted measures may be effective upstream
of solution features which are identified as having a significant influence on water quality at
the point of abstraction.

¢ Evidence indicates that the LANE group of sources are affected by water quality issues arising
from the Mimmshall Brook caused by the overflow of the Water End swallow holes into the
River Colne source during periods of heavy rainfall. There is also potential for localised
sources of diffuse pesticide pollution due the complex karst geology in the Upper Colne. We
aimed to understand how solution features, such a stream sinks, act as preferential pathways
for pollutants in the Upper Colne, as well as the influence Blackbirds sewage treatment works
has on water quality.

A further study carried out by the British Geological Survey for Affinity Water in 2017 (Appendix
6) into the pollution risk posed by the complex karst geology identified and risk assessed 29
'stream sinks' acting as pathways for diffuse pollution (including pesticides) from surface water to
ground water. A number of these have been identified as high risk and has defined the upstream
catchment area where pesticide reduction measures can be focused. Based on the outcome of
these investigations and the AMP6 DrWPA catchment scheme for metaldehyde, the EA have
included a scheme for "at risk" (Total) pesticides in our WINEP2 list for PR19 schemes to be
delivered by Affinity Water in AMP7 under the WFD "no deterioration" of water quality driver for
both the NORM and LANE groups. Although metaldehyde has been banned for outdoor use as
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of March 2020, the experience and approach developed from the metaldehyde scheme delivered
in AMP6 can be used to deliver catchment intervention for all ‘at risk’ pesticides.

The Groundwater Pesticides catchment management project is a series of catchment-based
schemes with the objective of reducing agricultural pesticide pollution at the source rather than
relying solely on water treatment, which is not effective when pesticides go above certain
concentrations. It is an enhancement of our current AMP6 schemes for metaldehyde which will
end in March 2020 and will expand the scope to mitigate key "at risk" pesticides identified through
our AMP6 monitoring and investigations, which pose a risk to failure of the Drinking Water
Directive standard for individual and total pesticides. The NORM and LANE groups of
groundwater sources abstract from groundwater susceptible to pollution from surface water due
to the Karst geology in this region. NORM, ESSE, ROES, NETH, BRIC, TOLP and EAST in
particular are risk from agricultural pesticide use in the Autumn/Winter under certain hydrological
and hydrogeological conditions. This project will seek to ascertain those conditions and
associated influences/pathways building on the investigations carried out in AMP6. The project
will develop a programme of catchment intervention measures in the upstream river catchments
of the Upper Colne and Mimmshall Brook, building on the work completed to date, to mitigate the
risk to public water supply and enhance water quality resilience in order to maintain treatment
effectiveness in the long term.

The scope of the schemes to be implemented in these catchments, through this project, will focus
on key pesticides used in cereal and oilseed rape crops that are predominantly grown in this
region. The key objective of the project is to develop an effective "Payment for Ecosystem
Services" (PES) mechanism which aims to empower farmers as producers of clean water in our
upstream catchments. The schemes will incentivise farmers to go beyond compliance with their
legal obligations, which are not effective for improving water quality, to adopt best practice
controls where the need is greatest. The project will support research and provide evidence for
the most effective measures and work directly with farmers and other key stakeholders to
implement these measures, monitor their effectiveness and replicability in larger catchment areas
and prevent further deterioration in water quality. The PES approach will focus on working with
farmers to improve crop protection, soil husbandry and water source protection. The measures
that will be developed and incentivised have the potential to provide additional ecosystem
services benefits including: improved soil retention, greater flood resilience through improved soil
organic matter and more sustainable farming. The project work in collaboration with a range of
stakeholders including specialist agricultural delivery partners, regulators, Natural England,
farmers and agronomists.

Where specific high-risk pollutant pathways have been identified (e.g. stream sinks) further
studies will be carried out in the form of tracer testing to confirm their connectivity and influence
on our abstractions. Based on the perceived risk, this project will seek to identify solutions such
as constructed wetlands upstream of these pathways to reduce the concentrations of pesticides
and other pollutants entering groundwater.

This scope of this project will support achieving the target set out in the following performance
commitments:

3.2 Assumptions
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Water Framework Directive, Drinking Water Directive and WINEP statutory obligations will
remain post-Brexit.

Legal Undertakings will be agreed with the DWI for individual and total pesticides in AMP?7.

Cost avoidance in NPV assessment assumes one pesticide pollution event per year with a
drinking water standard exceedance and reliance on import from Gratham Water

The Environment Agency will approve the Catchment Measures Specification developed for
WINEP based on the preferred option (determination in March 2019).

Any future restrictions on the use of metaldehyde and other "at risk" pesticides will take a
number of years to develop, implement, enforce and water quality improvements realised.

3.3 Constraints

Current WINEP guidance does not allow for continuation of AMP6 schemes into AMP7 without
change of scope or expansion of focus areas.

DWI long term planning guidance stipulates an expectation of increases in scope and/or scale
of AMP6 catchment management activities.

Tender processes and procurement of services not allowing for professional services
contracts outside of approved Frameworks (This project requires specialist services not
common within the water industry).

Current NPV assessment does not include an assessment of Natural Capital and the outputs
will not reflect the additional value derived from this scheme.

NPV assessment does not include cost avoidance measures for reduction in future
treatment (capex) and reduction in GAC regeneration (opex) due to high level of uncertainty.

Uncertainty around Brexit and the development of a UK Common Agricultural Policy leading
to limited options to develop outline programme based on future changes to the regulatory
landscape. As a consequence, the scope of this project will need to be continually evaluated
to ensure it can be effectively delivered.

3.4 Dependencies

Identifying effective, high quality agricultural specialist advisors to deliver aspects of scheme
beyond capability of AW Catchment Team. A number of specialist delivery partners have been
trialled on schemes in AMP6. Based on current outputs, suitable delivery partners are
available to deliver schemes proposed in the preferred option. In-house expertise through
training and development is also underway to ensure effective resourcing for this project at
the start of AMPY.

Farmers willing to participate in the schemes. The lessons learned from the AMP6 schemes
including suitable incentive mechanisms to gain the highest level of participation from farmers
have been evaluated. Each year in AMP6, post season surveys have been carried out with
farmers to determine barriers and incentives to participation. This feedback informs the
development of these schemes to ensure that the highest possible number of farmers could
be encouraged to participate in future pesticide reduction schemes.
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e Landowner permissions and regulatory permits required for constructed wetlands. This has
not been undertaken before so options, limitations and other issues will be explored during
the concept phase in year 1 of AMP7 with gate review to determine whether this is viable to
proceed.

e Success of this programme in helping to maintain resilience where criticality of sources not
subject to sustainability reductions has increased. Importance of maintaining availability of
sources to meet our supply obligations.
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4 Options Appraisal
4.1 Approach

All schemes and investigations within the Environmental Enhancements programme were defined
through their respective regulatory driver(s) and aligned to the associated customer outcome(s)
and business need. Each scheme/investigation then underwent an options appraisal exploring
the mitigation options, costs and resource requirements to address the need and meet the
associated regulatory requirements. This appraisal was supported by the business requirements
MoSCoW method documented in Appendix 13.

Several options were developed for each scheme/investigation using a bespoke WINEP Unit Cost
Model for PR19 developed for the Environmental Enhancements programme by consultants Mott
McDonald. The Unit Cost Model compiled all unit costs and staff hours for catchment
management projects based on historic proposals and quotes from schemes and investigations
delivered during AMP6. The ‘Project build’ tool incorporated into the model enabled the user to
build up an estimate of the total project cost using pre-defined 'tasks' from drop down menus. The
number of 'units' against each task was inputted, which produced a cost for each of the option
developed per scheme/investigation. An audit trail was prepared for contractor and other (e.g.
infrastructure and farmer incentive payment) unit costs. All costs are including company
overheads. They are then indexed to 17/18 price base (an uplift of 15%). The detailed cost model
for each scheme can be provided on request. All files that provided evidence of the unit costs
were subject to an internal audit to check their accuracy.

The Unit Cost spreadsheet for each option in this business case is available in Appendix 1.

4.2 Options

Table 2 Costings for the options considered in the options appraisal

Option 1 Option 2 Option 3
Year 1 £915,860 £244,000 £231,874
Year 2 £915,860 £340,000 £231,874
Year 3 £915,860 £490,000 £231,874
Year 4 £915,860 £490,000 £231,874
Year 5 £915,860 £320,000 £231,874

4.2.1 Do nothing

The do nothing option will not proceed with any catchment management activities and rely on
monitoring at the point of abstraction and depend on treatment/blending/import options at NORM
and LANE to solely manage pesticide raw water quality.

Benefits

e low capex cost.
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Risks
e Will not fulfil regulatory obligations under WINEP/WFD.
¢ Will not meet our legal Undertakings for individual and total pesticides

e Will not facilitate the reduction of metaldehyde and other "at risk" pesticides in the catchment
and current work in AMP6 to reduce metaldehyde will be undone and increase concentrations
in raw water will lead to greater risk of breaches of the drinking water standard as treatment
ineffective.

e Defra, EA, DWI and Ofwat all have stated expectations that water companies will undertake
increased catchment management activities as part of long term plans for water quality.

¢ No benefits in improved water quality and further deterioration resulting in increased treatment
costs. The do nothing option will not proceed with the Catchment element of the DWSP
process in AMP7 and rely on risk assessments and supporting information from AMP6 to feed
into the next stages of Water Safety Plans.

4.2.2 Option 1 - Catchment Management Enhanced at whole
catchment scale

Builds on current AMP6 metaldehyde pesticide reduction schemes and expands the approach to
incorporate all "at risk" pesticides. This option increases the catchment area for these schemes
to cover all high, medium and low risk sub-catchments for NORM and LANE groups of sources
covering an estimated catchment area (based on eligible arable crops grown in a given year) of
~15,000 hectares. This option also includes an enhanced Capital Grants scheme for infrastructure
improvements to all farmers within these catchments and constructed wetlands upstream of all
identified stream sinks.

Benefits

e Significant upscaling of priority catchments and number of potential farmers participating in
schemes.

¢ Will meet all regulatory expectations under WINEP and legal Undertakings for individual and
total pesticides.

e Constructed wetlands could help mitigate pesticide and other pollution risks (e.g. urban diffuse
pollution) providing greater resilience to existing treatment as well as potential reduction in
treatment opex costs and reduction in future treatment capex investment.

Risks

e the non-targeted approach could lead to a decrease in level of participation from farmers due
to a reduction in intensive engagement resulting from having to deliver pesticide reduction
schemes in much larger areas.

e Focusing on low risk catchment areas does not represent good value for the customer.
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¢ Would require a significant increase in human resource (insourced or outsourced) in order to
maintain the level of engagement required to maintain a high level of participation.

e Constructed wetlands not guaranteed to mitigate all pollutant risks (e.g. propyzamide). Would
require extensive research prior to proceeding with this aspect of this option.

4.2.3 Option 2 - Catchment Management Enhanced at targeted
catchment scale (best value option)

Option 2 Builds on current AMP6 metaldehyde pesticide reduction schemes for the NORM group
and expands them to incorporate all "at risk" pesticides in high risk sub-catchments in the
Mimmshall Brook, ESSE Brook and Upper Colne covering an estimated catchment area (based
on eligible arable crops grown in a given year) of ~6,000-8,000 hectares. This option utilises
evidence from catchment monitoring, tracer testing, catchment characterisations and risk
assessment and experience from AMP6 Thames DrWPA scheme for metaldehyde to target
pesticide reduction schemes at high and medium risk catchment areas for diffuse pesticide
pollution for the NORM and LANE groups of sources. This option also includes an enhanced
Capital Grants scheme for infrastructure improvements that is focused on farm businesses in high
risk catchments where specialist advisors have identified a specific water quality improvement
that can be derived and where cost benefit for the investment can be demonstrated. This option
also includes constructed wetlands upstream of high risk stream sinks based on outcomes of
tracer testing.

Benefits

¢ Will meet all regulatory expectations under WINEP and legal Undertakings for individual and
total pesticides.

e Evidence-based approach enabling targeted interventions to focus where water quality
improvements will achieve the greatest benefit.

e Enables targeting of resources where the need is greatest to ensure an intensive level of
farmer engagement to ensure the highest level of participation of farmers with high/medium
risk land in pesticide reduction schemes.

e Constructed wetlands could help mitigate pesticides, nitrate and other pollution risks (e.g.
urban diffuse pollution) providing greater resilience to existing treatment as well as potential
reduction in treatment opex costs and reduction in future treatment capex investment.

Risks
e Constructed wetlands and other infrastructure improvements and PES incentives not

guaranteed to mitigate all pollutant risks (e.g. metaldehyde). Would require extensive
research prior to proceeding with this aspect of this.
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4.2.4 Option 3 - Catchment Management Basic with no expansion of
scope or scale from AMP6 (This option no longer valid due to
metaldehyde ban)

Option 3 maintains the existing metaldehyde pesticide reduction schemes with limited expansion
to "at risk" pesticides. This option has been discounted as metaldehyde has been banned for
outdoor use from March 2020.

Benefits

e low cost option.

e Will not meet all regulatory expectations under WINEP and Undertakings for individual and
total pesticides.

Risks

o Defra, EA, DWI and Ofwat all have stated expectations that water companies will undertake
increased catchment management activities as part of long-term plans for water quality.

e Less certainty on reduction in pesticides compared to other options. This approach will not
mitigate wider pollution issues affecting these abstractions.

e Greater residual risk at the end of AMP.

4.3 Cost Benefit Analysis

4.3.1 NPV assessment

A high-level assessment of NPV for the preferred option has been carried out. This investment is
primarily driven by regulatory requirements under the Water Framework Directive delivered
through the National Environment Programme and the Undertakings for NORM in AMP7 to be
agreed with the DWI.

The primary method of calculation for this assessment was driven by cost avoidance of pesticide
exceedances above the drinking water standard and associated costs of importing water during
these events. It is difficult to quantify the profitability of catchment management activities due to
the vast number of variables associated with delivering a challenging project of this nature and
determining the benefits derived. in the NPV assessment, assumptions have been made with
reduced levels of confidence on a reduction of drinking water standard (DWS) failures for
pesticides and a reduction on the dependency of Grafham imports resulting from the potential
reductions in DWS breaches.

This assessment does not account for reduction in future treatment investment (capex) or long-
term reduction in GAC regeneration frequency (opex) resulting from catchment management
schemes due to a high level of uncertainty. This assessment also does not take into account the
wider ecosystem services benefits of the best value option.
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The results based on these factors have determined a payback period of over 20 years as there
is currently a lack of evidence to support the quantification of benefits from catchment
management activities. To improve this quantification of the benefits of catchment management.
the wider ecosystem services benefits of implementing the AMP7 Groundwater Pesticides
catchment management scheme will be given further quantification using a Natural Capital
approach. This approach is currently being developed using the data collected post AMP6
catchment management schemes as a baseline. This method will allow us to use real data linked
to indicators of environmental improvements to calculate financial benefits with increased
confidence.

The full NPV assessment can be made available on request. A summary of the outputs is shown
in Appendix 4.

4.3.2 Environment Agency WFD Operational Catchment Economic
Appraisals for the Colne (February 2018)

The EA updated the Operational Catchment Economic Appraisals for the Colne in February
2018. The bundle of measures identified to meet WFD objectives includes the proposed AMP7
catchment management schemes covered with the Groundwater Pesticides catchment
management project. The EA updated their operational catchment economic appraisals in
February and March 2018, using costs prepared for our dWRMP and our ongoing AMP6
programme of works.

The Colne Operational Catchment Economic Appraisal used costs prepared for our dAWRMP. The
Colne catchment includes catchment management schemes for NORM and Sources DrWPA
pesticide reduction scheme and LANE Group (Upper Colne) pesticide reduction schemes. This
assessed costs of £421 million to deliver the recommended bundle of measures with a Benefit
Cost Ratio of 1.76 (EA', 2018).

Table 3 Summary of appraisal results for recommended bundle of measure

Operational Net Present Benefit Cost Present Value Present Value
Catchment Value (£m) Ratio Benefits (£Em) Costs (£m)
Upper Lee 140.89 1.29 633.51 492.62

Colne 421.88 1.76 977.88 556.00

Source: Environment Agency'. 2018. Operational Catchment Economic Appraisal — Final Appraisal
Report and Audit Trail: Colne — Version number 3. February 2018

We have also sought the views of our customers and stakeholder for protecting the environment.
Our dWRMP consultation concluded that stakeholders are supportive of protecting the
environment. Please see Traverse, June 2018, dWRMP 2020-2080 and PR19 draft Business
Plan 2020-2025 Stakeholder Engagement Summary Report for further information
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4.4 Recommendation

The recommended best value option proposed in this business case is Option 2 - Catchment
Management Enhanced at targeted catchment scale.

This is the best value option as it fulfils all regulatory obligations under WFD/WINEP. This option
has been developed to ensure it meets the requirements of the EA PR19 driver guidance for
DrWPA schemes (Appendix 4) and the DWI long term planning for water quality guidance
(Appendix 5). This option builds on the catchment management project undertaken in AMP6 and
expands the scope and scale of existing pesticide reduction schemes to all "at risk" pesticides to
the LANE and NORM groups based on robust evidence gathered from detailed catchment
monitoring from 2010, WINEP investigations completed in 2017 (Appendix 1) and the mapping of
karst features and identification of preferential pollutant pathways (Appendix 6). The approach in
this options targets catchment areas where pesticide reduction schemes and constructed
wetlands can achieve the greatest benefit and utilizes resources effectively to represent the best
value to the customer. It supports Customer Outcome 3: Supplying high quality water that
customers can trust by empowering farmers as producers of clean water through a Payment for
Ecosystem Services mechanism that is being trialled during AMP6 and constructing wetlands that
can mitigate pollution risks in catchment. This approach seeks to reduce diffuse agricultural
pollution at the source providing greater resilience to existing treatment and blending options.

The best value option for project, in addition to the pesticide reduction schemes in high and
medium risk catchments and constructed wetlands upstream of high risk stream sinks will
incorporate additional measures including:
o A pesticide amnesty for banned and out of date pesticides; Pesticide Applicator training
courses for farmers;
o Pesticide applicator calibration and servicing for farmers;
e Access to a Capital Grants scheme for infrastructure investment focused on water quality
(e.g. bunded pesticide handling areas) in high risk areas;
e specialist workshops; 1:1 farm visits; support to farmers in developing applications for
existing funding streams for water resource protection (e.g. Leader Grants) and incentives
based on achieving clean water targets in high risk catchments.

The project will be delivered in partnership with a number of stakeholders including the EA,
Natural England, Farming and Wildlife Advisory Group. Where specialist advice and delivery are
required, consultancy service agreements will be established with specialist agricultural delivery
partners for work beyond the expertise of Affinity Water staff.
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5 Risk and Issues

e Changes in legislation around the Common Agricultural Policy arising from Brexit. This risk is
being mitigated by developing an approach to this project that can be delivered around a
changing regulatory landscape. The scope and delivery plan can be amended based on any
changes which are under continual review by our Agricultural Advisor and Catchment
Management Programme Manager.

e Changes in legislation on pesticides in focus for this scheme. Regardless of any restrictions
(metaldehyde only) on future use, the impact on water quality of other pesticides used in the
catchment will remain for much, if not all AMP7. The project scope can be re-evaluated based
on the outcomes of future legislative reviews, but will focus on key diffuse pollution risks which
will remain/change in future.

o Effects of climate change resulting in greater diffuse pollution challenges. The preferred option
has been developed on the assumption that climate change affects will exacerbate current
diffuse pollution risks and produce new risks yet to be identified. The Payment for Ecosystem
Services approach can be tailored to mitigate the current and future risks brought about by
climate change.

e Farmers not willing to participate in our proposed schemes. The lessons learned from the
AMP6 schemes including suitable incentive mechanisms to gain the highest level of
participation from farmers have been evaluated. Each year in AMPG6, post season surveys
have been carried out with farmers to determine barriers and incentives to participation. This
feedback informs the development of these schemes to ensure that the highest possible
number of farmers could be encouraged to participate in future pesticide reduction schemes.

e Appropriate land owner permissions and permits/consents from EA not achieved for
constructed wetlands. This has not been undertaken before so options, limitations and other
issues will be explored during the concept phase in year 1 of AMP7 with gate review to
determine whether this is viable to proceed.

e Constructed wetlands not effective at mitigating key diffuse pollution risks. There is limited
data on the benefits of constructed wetlands and therefore academic research will be
commissioned during the concept and definition phase and incorporated into the concept gate
review before proceeding into definition and implementation.

6 Procurement Strategy

This project will be delivered primarily by in-house expertise through the Catchment Management
team. Where specialist agricultural expertise and/or specific local knowledge of high risk
catchments is required then the preferred option will seek to appoint specialist agricultural
consultants to deliver aspects of the project and provide administration services for the farmer
incentive payments.

The best value option will also seek specialist consultancy services for such aspects as remote
sensing, machinery calibration and testing, training (e.g. pesticide applicator training) and
pesticide amnesties.

As this builds on work undertaken in AMPG6, suitable suppliers have been trialled and identified
for different aspects of the pesticide reduction schemes. Many of these are already on the
Approved Suppliers list and subject to consultancy services agreements. Where required, a
framework contract can be implemented based on the size and scale of the aspects of delivery
proposed. These are not in place currently, but can be implemented in advance of AMP7 based

on the best value option being accepted to ensure that no time is lost for delivery at the start of
AMP7.
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7 Appendices

7.1 Appendix 1: National Environment Programme Water
Quality Schemes: Groundwater Pesticides Investigation

Report 2017

**** The Contents Pages and Executive Summary has been included below. The whole
report can be made available on request ****

o
Affinity Water

Your loca ‘_|..f'lF:','._ an ap

National Environment Programme Water
Quality Schemes

Groundwater pesticides investigation report

and North Mymms DrWPA schemes progress update

OFFICIAL SENSITIVE

March 2017
FINAL
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1 Executive Summary

Our catchment management for water guality programme has been esfablished o
investigate and deliver caichment based interventions to improve raw water guality. The
programme  also supports Affinity Water's obligations under Aricle 7 of the Water
Framework Directive (WFD) defivered through the Mational Environment Programme for
Water Quality (NEP WQ). The investigations and measures undertaken within these
schemes for metaldehyde will also deliver the obligations set out in the Undertakings for
metaldehyde agreed with the Dnnking Water Inspectorate (DWI).

In 2015, we agreed a programme of fourteen NEP WQ investigations (DrW2) with the
Environment Agency (EA), primarily focused on pesticides and nitrate. In addition, we had
three Drinking Water Protected Area {DrWPA) schemes (DiW1) to deliver catchment
interventions for metaldehyde for Morth Mymms, River Thames (covering our four River
Thames abstractions) and Ardleigh {delivered by Anglian Water with co-funding and support
from Affinity Water). Phase 5 of the NEP programme (NEPS) was issued by the EA on 29
January 2016 which included two additional sources for DWW 2 investigations, Chartridge and
Broome, which had been affected by nifrate following the flooding experienced across our
regions in early 2014.

This report defails the outcomes of NEP WQ investigations into groundwater sources
affected by pesficides agreed in NEP5. This includes North Mymms and sources {Morth
Mymms, Essendon, Tyttenhanger and Roestock); our Clay Lane group of sources
{Netherwild, Eastoury and Tolpits Lane);, Roydon and Sawbridgeworth. The report details
our plans for the remainder of AMPE (2017 — 2020) which provides the foundation for
cammying out a feasibility study to support our PR19 options appraisal for developing
catchment schemes in AMP7. This report also provides a progress update for the Morth
Mymms DrWPA metaldehyde schemes covering activities undertaken between 1 April 2016
and 31 March 2017.

In summary, our investigations have drawn the following conclusions:

— The complex hydrology and hydrogeology of the Mimmshall Brook and Essendon Brook
caflchments has a significant influence on groundwater guality for North Mymms and
Essendon respectively. Targeted measures based on geography and topography alone
will not be effective in reducing concentrations of the pesticides subject to investigation
to levels below the DWS. A holistic approach to implementing catchment schemes
acrozs the whole catchment area is required. Targeted measures may be effective
upstream of solution features which are identified as having a significant influence on
water quality at the point of abstraction.

— Qur investigation has identified Smallford closed landfill as the likely source of
metaldehyde contamination affecting both Tyttenhanger and Roestock sources. In AMPS
we are investing in a treatment solution for metaldehyde at North Mymms. As a
consequence, we determine that future catchment management opfions are limited and
do not represent good value to our customers. Roestock is also affected, to a lesser
extent, by seasonal agricultural applications of metaldehyde and we will expand our
planned catchment measures for North Mymms and Essendon to include the Roestock
source protection zone (SPZ) 2.

— Evidence indicates that the Clay Lane group of sources are affected by water quality
issues arising from the Mimmshall Brook caused by the overflow of the Water End
swallow holes into the River Colne source during periods of heavy rainfall. There is also
potential for localised sources of diffuse pesticide pollution due the complex karst

March 2017
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geology in the Upper Colne. We aim to understand how solution features, such a
swallow holes, act as preferential pathways for pollutants in the Upper Colne, as well as
the influence Blackbirds sewage treatment works hasz on water quality. Further
development of our understanding for these potential sources of pollution is reguired to
support our feasibility study for potential catchment schemes for AMP7.

— Metaldehyde concentrations at Roydon and Sawbridgeworth have remained consistent
and stable for the past 5 years. There is no seasonal variability that could be attributed to
agricultural metaldehyde use and subsequent leakage from the River Stort into
groundwater, Further work is required to determine a potential point source, such as
landfill sites within the SPZ 2. We will not be proceeding with developing a catchment
scheme for inclusion in the WINEP, but will confinue to investigate as part of our Drinking
Water Safety Plan (DWSP) for the remainder of AMPS. Thames Water is delivering
catchment measures in the River Stort and we will provide support through the Thames
Catchment Management Steering Group (TCMSG).

March 2017 Page 10of 114
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5 year - IRR % 0 NPV
Financial internal rate of return (IRR) % °
Financial net present value (NPV) £000 | -1595|| -5% -200
-400

10 year -10% %
Financial internal rate of return (IRR) % -31% 0 <CD
Financial net present value (NPV) £'000 -1,372 =it -14% -800

g -1,000
15 year 20% By 1,012
Financial internal rate of return (IRR) % -14%|| -25% S -1,179 POSITIVE NPV IN YEAR: 20
Financial net present value (NPV) £000 | -1,179 FileT 1372

<0 1,600 '
20 year 319 ’ 1,595

- — o o1l -35% 1% -1,800 .
Financial internal rate of return (IRR) | % | -7%
- - 5 year 10 year 15 year 20 year 5 year 10 year 15 year 20 year
Financial net present value (NPV) ls000O [ t0t2}p -~ °"° -~ - - { |
3.1 ASSUMPTIONS, DATA AND CONFIDENCE LEVEL OF COST BENEFIT ANALYSIS (CBA)
Total revenue [ Confidence (%) | Method of Calculation [ How can the benefits be monitored? [ When? | Contact Person or Department
- Real cash benefit
<Insert benefit description> <Insert %> <Insert information> <Insert information> <Date> _|<Insert information>
<Insert benefit description> <Insert %> <Insert information> <Insert information> <Date> |<Insert information>
<Insert benefit description> <Insert %> <Insert information> <Insert information> <Date> |<Insert information>
- Cost avoidance Method of Calculation How can the cost avoidance be monitored? | When? Contact Person or Department
- . . Cost of Grafham import minus avge unit cost of water per ML. North Mymms (9.09ML/d) used as example
:Z?;dmgsri\:;ai:g Irglﬁi:’;:(i)nrzig:tfh am resulting 50% of WTW outage for 30 days following pesticide failure
p p 226.56 - 41.4 per ML = 185.06. 9.09 ML/d (North Mymms) * 185.06 * 30 (days) = £50,466 example given in |Number of outages resulting from WQ failures
each year of the AMP and beyond from pesticides ongoing |Alister Leggatt
Drinking Water Safety - One off / occasional 50%
PCV failure (controlled response) ° Reduction in pesticide losses to river and groundwater leading to long term reduction in PCV leading long
term reduction in PCV failures. Estimated at 10 per year at £530 per incident = £5,300 Water quality monitoring at the point of abstraction [ongoing |Alister Leggatt / Water Quality Services
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| PR19 Driver Guidance
WMMWMMWN

'Aputmbleforfunmn { please fick) -

Water Quality Water Resources [ FBG [=]
Catchment Solutions available [£] 7o checka box rght cick seiect “propenies” and then -
Date: 3 February 2017 | Version: FINAL

of driver

This guidance is for drinking water protected areas, which includes safeguard zones and surface
water drinking water protected areas (DvWPAs). Refer to the groundwater guidance for groundwater
DOriWPA good status requirements.

This driver can be used on its own or in combination with other drivers and partnerships.

Water companies should develop measures to reduce pollution that is reaching their abstractions,
these are known as catchment measures and should be developed for safeguand Zones.

Wmmpaﬁmmhhmwmﬁawmﬂmshmﬁmﬂmmtsumas
Reverse auctions for measures 1o reduce pollution - where by the lowest bid that achieves the
cutcome wins

= Payments for the production of clean water and ecosystem senvices

* Long-term agreements with farmers on farming practices, such as which crops are grown,
what pesticides are used etc.

+ Emissions trading

+ Valuing natural capital

In addition to this document, the Environment Agency (EA) and Drinking Water Inspectorate (CAWT) will
issue joint Periodic Review 19 (PR19) guidance on metaldehyde, once we have an agreed policy
position. Additional guidance for groundwater schemes is available in the groundwater guidance.

DrWPA_ND | Catchment scheme actions and measures recommended by ether previous
investigations; or, actions for water companies identified in safeguard zone acticn
plans to prevent WQ deterioration to avoid the need for additional treatment (WFD
‘must 0o} subject to cost effectivenass, sustainability and measurement of
effectiveness. Some limited post-scheme appraisal can be included in the catchment
management driver. Ongoing surveillance monitonng does not form pant of the
WINEP and falls into the company’s ongaing, business as usual operations, such as
catchment monitoring for water safety plans.

' OrWPA IMP | Catchment scheme achons and Measures recommended Dy efther previcus
investigations; or, actions for water companies identified in safeguard zone action
plans; or actions identified through other water company work, to improve Wa to
reduce the level of existing treatment: subject to cost beneft and sustainabilty
including monitoring of effectiveness of the measures. Some limied post-scheme
appraisal can be included in the catchment management driver. Ongoing
surveillance monitoring does not form part of the WINEP and falls inte the company’s
ongoing, business as usual operations, such as catchment monitoring for water
safety plans.
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DrWPA_INY | Catchment investigations by water companies to fully characterise groundwater and
surface water SgZs, undertake an opticns appraisal and identify and recommend
measures for catchment schemes to inciude in the next AMP period and carmy out a
cost benefit/cost effectiveness analysis. Monitoring as part of the investigation to
understand the issue and identify the action can be inciuded.

Methodology for identifying measures

Who should develop DrwPA schemes for the WINEP?

Groundwater and |IEP teams should lead on developing measures for their respective safeguard
rones. We encourage them fo work together with all area ieams and water companies to develop
schemes that have wider benefits.

What can be included in the WINEP?

YWhere a catchment investigation has taken place in PR14, we would not support the inclusion of a
further investigation for the same substance in the same area in PR19. The outcomes of the PR14
investigations {and other previous investigations) should be used o inform the catchment
improvement schemes proposed for PR1S.

Water companies that nesd to continue catchment measures from previous AMP periods into AMPT
can do so. These will now be funded from their revenue/maintenance budgets and should he included
in their business plans accordingly, therefore do not need to be included in the WINEP.

Water companies may suggest a second round of catchment investigation or measures for the same
substances if circumstances have changed e.g. where the catchment approach has evolved and new
types of measures are now being usad, or to meet newly agreed policy objeciives. In these instances
careful consideration as to whether to support the inclusion of schemes in the WINEP is required.

For both investigations and measures, before any scheme is included in the WINEP a scope detailing
the geographic area, substance(s) to be addressed and description of the work that will be camed out
must be completed.

Mote: Water companies are able to do work outside of the WINEP

Catchment Investigations

Catchment investigations should include investigations to identify what is causing water quality
deterioration and an options appraisal, together with an assessment of the costs and benefits to
identify the appropriate measures. This will enable water companies fo identify cost effective
measures to prevent detenioration and cost beneficial measures to reduce treatment.
Investigations must not be in the same area for the same substance as in previous AMP cycles.

Catchment measures

The main chiectives of the catchment measures for a surface DrwPA and both groundwater and
surface water SgZs are to avoid deterioration in water guality and to avoid an increase in the level of
water purification treatment (DoWPA_ND). A definition of additional treatment is provided at the end of
this section). There is a long term aspiration to improve the environment such that the level of
freatment can be reduced over time (DAWPA_IMP). Catchment measures must have clear and
measurable outcomes. For groundwater, catchment measures will contribute to meeting good status
ohjectives for the wider groundwater body. There are both good status objectives and protected area
ohjective for groundwater DiWPAs. Groundwater SgZ target measures where they will have most
benefit to an abstraction and primarily meet protected area objectives, but will also conftribute to good
status. Water companies can submit schemes outside of Sgs using the WFD good status driver.

(]
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YWhere contaminated land (as defined in the Envircnmental Proteciicn Act 1990 Part 2A) needs {o be
remediated fo protect drinking water supplies, refer to the groundwater guidance.

Catchment measures can include feasibility studies and monitoring to better understand where to
targetl measures, as well as implementing measures to improve water quality. Caichment measures
can use the ‘paymenis for ecosystems senvices' approach or other measures to control the source(s)
or pathways of pollution. Catchment measures should also be linked to delivering wider social and
environmental benefits and these should be included in any economic analysis.

VWater companies should include schemes where an upstream waste water treatment works is
causing a deterioration in water quality in a drinking water protected area which may lead to the need
for additional purification treatment.

In order to determine which catchment measures are likely to be viable, water companies need to:

» Investigate the source(s} of pollution (this should include all sources such as agriculture,
industry, domestic etc.) and understand the mechanisms for pollution to reach the abstraction
(DrWPA_INY) ie. understand the sources, pathways and receptors
Identify measures and actions to reduce pollution,

Demaonstrate that proposed catchment measures are:

a) More cost effective than alternatives, where measures are needed to prevent deterioration
{DAVPA_ND)

b} More cost beneficial than alternatives, when sesking to improve water guality to reduce
treatment (DrWPA_IMP)

= Mot disproportionately costly where they coniribute to groundwater DriZwPA good status
requirements. Refer to the groundwater guidance for more information.

Cost effective catchment measures need to be identified and implemented to prevent
deterioration in water bodies and avoid the need for additional treatment. i.e. meet no
deterioration objectives. Before proposing an increase in drinking water treatment, all water
companies should implement cost effective measures to prevent deterioration. Cost effectiveness is
used hers as this is considered a ‘must do’ requirement, so measures must be implemented, but this
should be the lowest cost package of measures needed to prevent deterioration and avoid the need
for additional treatment.

Cost beneficial measures can be implemented where the water company seeks to improve
water quality to reduce treatment.

VWhere a water company seeks to reduce treatment levels they must consider whether it would be
cost-beneficial to develop catchment measures, rather than using treatment. Reducing treatment will
provide a longer term more sustainable approach to producing wholesome drinking water. In these
cases the EA will consider whether a catchment improvement scheme can be included in the WINEF
for improving water quality in DriwPAs that are not “at risk’ and do not have a Sg2. Cost benefit is
used here as this is considered a longer term ambition and not a ‘'must do’, so there is a need to
demanstrate that the measures are cheaper than using treatment_ If the benefits do not outweigh the
costs then these measures may not go ahead. Any measures proposed by water companies will also
need to be supported by Customer Challenge Groups.

Measures for DrWPA must be supporied by an economic analysis that values the wider benefits, such
as reduced flood risk, habitat improvement, reduced COz and reduced waste, as well as the direct
benefits, such as the reduced capital and operational cosis of treatment. These economic analysas
and detailed scopes of exactly what works will be done must be shared with the EA before inclusion in
fhe MEP. This is to quantify the fotal overall invesiment for drinking water protection, and ensure that
there is a mutual understanding of what will he delivered.

(]
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A framework for assessing the henefits of catchment schemes is provided by UKWIR Quantifying the
Benefits of Water Quality Catchment Management inttiatives. For those schemes that invoive
contaminated land remediation further quidance is available in the siatutory quidance and
groundwater PR19 guidance.

Where a proposed scheme is a catchment scheme linked to a DWI legal instrument (Undertaking or
Motice) water companies should clearly identify both the DWI Underaking reference and the EA
WINEF unigue identifier in any submissions to the EA or DWI. The DWI and EA will share information
on proposals submitted by water companies. This will prevent any duplication of schemes in
submissions to Ofwat.

Level of confidence required and associated evidence levels

The Environment Agency will use a weight of evidence approach and work with MNatural
England, local councils and the Drinking Water Inspectorate to share information on
proposals as appropriate.

To support inclusion of catchment measures in PR19, the following can be used:

» Evidence of an environmentally significant upward trend at an abstraction point, caused by
anthropogenic activities;

= Evidence of a potential or actual water guality standard failure caused by anthropogenic

activity;

Poor DAWPA status for groundwater bodies

Other evidence of water quality deterioration;

Land use characteristics in the catchment

Catchment risk assessment;

Source-pathway-recepior linkages;

Source apportionment;

SgZ action plans;

Future treatment requirements i.e. what's the risk of future treatment being required, when will

treatment be required and to what level;

+« Evidence of the wider ecosystem benefiis the catchment measure could bring, e.4. recreation
and eco-tourism, health benefits;

« Evidence that this is a less expensive way to achieve Article 7 than end of pipe alternatives
{i.e. measure cost efiectiveness).

\Where a contaminated land site is affecting a drinking water supply, we will wark with the water
company to determing the level of confidence needed for remediation.

All measures need to be location specific, have clear outcomes and delivery timescales, and be
supported by a holistic economic analysis (i.e. looking beyond the private secior to include
environmental and societal costs and benefiis). Area teams in the EA should work with water
undertakers to develop SMART measures, including wider partnerships where there are opportunities
for co funding.

MB: The DWI requires all proposals for drinking water quality measures to be supported with risk
assessments (as required under Regulations 27 and 28 of the Water Supply (\Water Quality)
Regulations 2000 (amended), and the Welsh equivalent.
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Environmental outcome measure

In order to understand how these schemes protect our dnnking waters it is important to understand
the outcomes achieved.

For drinking waters the schemes should identify:

= ihe geographical area of land where measures are targeted and improvements achieved (km?)
= the length of river improved/no longer deteriorating frem point of intervention to abstraction
(k)

the area of lake/reservoir improved/no longer deteriorating (km#)

the volume of water abstracted improved (m3d)

the number of people served where there has been an improvement

the number of Water Supply Zones where there has been an improvement

the cost savings achieved through improvements

Costing & Economics

= (Cost effectiveness should be used where seeking to prevent deterioration to avoid the need for
additional treatment. This is because no deterioration is a must do under WFD.

« Cost benefit should be used where seeking to improve water quality to reduce treatment, as
there must be a good case to state why it is better to invest in catchment management rather
than continue with treatment.

« Refer to the groundwater guidance for drinking water protecied area good status, no
deterioration and contaminated land measures in groundwater.

Links to technical documentsiguidance

Legislative overview and technical detail

Article 7.3 of the Water Framework Directive requires Member States to ensure the necessary
protection for the bodies of water identified as DrWPAs. This is with the aim of preventing deterioration
in water quality, to aveoid an increase in the level of purification treatment required to produce drinking
water, and over time s=eking a reduction in the level of purification treatment required. Thereis a
reqguirement to meet good status for groundwater DrZWPAs as well as meet the Article 7 protected area
ohjectives.

Safeguard zones have been identified where any of these situations apply:

« where there is a nsk or actual deterioration of water quality

» ‘where the level of purfication treatment may need to be increased

« where treatment has increased since 2007/8 baseline
For safeguard zones, a risk of detenoration means there is is a failure to mest good status or trend
chjectives (groundwater cnly}, a need fo increase freatment, ongeoing WQ deterioration, a rising trend
in anthropogenic pollution or where risk has already/will materialise 2015. For groundwater where a
trend has materialised by 2015 measure must be put in place to reverse the frend.

Catchment measures can provide cost effective altemafives to freatment, improve water companies
deployahie output and may provide wider benefits such as:
« reduced energy consumption and treatment costs
reduced waste sireams
reduced traffic movemenis associated with the treatment and waste
reduced carbon dioxide emissions! increased carbon capture and storage
flood risk mitigation
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« improved ecology
« wider improvementsfincreases in ecosystem sanvices

We will support catchment measures developed by water companies or as part of local partnerships to
meet the requirements of Article 7.3. DAWPA objectives. These may include existing catchment
schemes that were nitially developed for other purposes, such as flood mitigation or ecological
benefits, or new catchment measures. Further guidance on understanding the benefits of catchment
measures can be found in UKWIR report ‘Quantifying the benefits of water quality catchment
management initiatives'.

A collaborative approach between the EA, DWI, water companies and third parties is needed io
achieve improvements in water quality in DrWPAs and Sgs. Achievements cannot be made solely by
one crganisation.

Listed below are the most relevant support documenis relating to DriWPAs and Sg7s. These contain
the current criteria for deciding when there is a significant upward trend at an absftraction; and roles
and obligations for Water Companies and internal EA who are developing DrWPASgZ Action Plans or
working with water companies to identify PR19 measures.

Internal EA guidance on groundwater and surface water DrivPAs and Sgfs

Joint DWI/EA PR19 guidance on metaidehyde (not yet written and published)

Directive 2000/60/EC - Aricle 7

Common Implementation Strategy Document 16; Guidance on Groundwater in Drinking Water
Frotected Areas

UKTAG guidance - Assessing the achievement of Drinking Water Protecied Area objeclives
DEFRA - Statement of Obligations

Guidance on Water Company Safety Plans

The Contribution of the Water Supply (Water Quality) Regulations to the implementafion of the Water
Framework Directive in England & Wales

Joint Guidance on Contribution of Water Supply (Water Cuality) Regulations to Water Framework
Directive

Groundwater Chemical Status Assessment (Classification} and Trend assessment Method
Statemenis

Existing water company schemes - SCaMP & Managing Water, Managing Land

Other considerations

Link to other Drivers

Prevent deterioration for surface water

Groundwater for achieving good status, preventing deferioration and contaminated land management
Biodiversity: Seeking wider benefits

Flood risk

Climate change

DWI Position

The level of treatment required to supply drinking water from any given source is based on the level of
pollution in the source. Water companies are required camy out risk assessmenis of all their water
supply systems, from source to tap, as part of a drinking water safety planning approach to ensure
that consumers are supplied with wholesome water. Where a deterioration in raw water guality has
been identified that presents a risk to consumers (for example the existing treatment process is not
designed to deal with the type or level of contaminant), water companies should investigate the cause
of deterioration and actions required to protect consumers. This should include investigations in the
catchment and, where feasible, implementing actions to reduce the level of polluticn entering the
source. In some situations catchment actions alone may be insufficient to reduce the risk to
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consumers to an acceptable (or tolerable) level (i.e. to achieve compliance with a standard or to
protect public health) and additional measures (including treatment) may be required to protect
consumers. The DWI has statutory powers to put in place legal instruments which establizh legally
binding commitments on companies to implement all the actions required to protect consumers.

Definition of additional treatment

Additional treatment includes all of the following situations where there is clear evidence that they are
a result of deterioration in raw water quality:
+« The construction and operation of 2 new treatment plant;
The development of 3 blending scheme (new boreholes or new pipelines);
The change in blending ratio of an existing scheme;
Increased use of chemicals in an existing plant;
Increased workload on an existing plant;
Additional modular treatment at an existing plant;
The early replacement of an existing treatment plant;
An increase in the frequency of carbon regeneration;
A move from duty'standby to duty/assist status of existing ptant, and
A significant refurbishment and/or up-rating of an existing plant.

Multiple benefits from schemes for other drivers should be considered in any economic analysis. This
will help ensure that the most benefit is being achieved with the money being invested. Where multiple
benefits are achieved for other drivers, these drivers should be included in the NEP. All drivers where
there are benefits should be recorded.

In reference to the government supported saimon 5 point plan, we believe that this driver could in part
make a likely contribution to the recovery of saimon stock. More information on the salmon 5 point
plan, including GIS shapefiles and maps =tc. is available via your FBG MEP lead or from this link

QAPR19 GENERAL\Strateqy\EAWG FBG Sub GrouphSalmon 5PP information for NEP planners

Linked to outstanding policy dacision (please tick)

Environment Agency [] DEFRA [dfor metaldehyde — Ofwat []

External Organsiation Consultation:
DEFRA [+ Ofwat [ ] Dwl | NE [€

Other:

(]
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PR19 Driver Guidance
Driver Name: Groundwater & Contaminated Land Pressures

Strategic Lead(s): Helen Bray (GWQ) and David Seccombe (GWR)
Applicable for function ( please tick) :

Water Quality (<] Water Resources [ FBG B
FCRM B Catchment Solutions available [<]
Date: 3 February 2017 | Version: Final

Summary of driver objective

Investigations or schemes for groundwater to meet water company obligations in the
catchments they influence and operate in. This driver can be used;

+ in isolation to deliver groundwater priorities eg prevent deterioration in a
groundwater body; or

+ in conjunction with other drivers to deliver multiple objectives and added
benefits, eg a catchment scheme in combination with a biodiversity, flood risk
that provides wider ecosystem service benefits such as improved groundwater
levels and quality and flood risk management, as well as preventing
groundwater deterioration.

Groundwater is vulnerable to pollution and in places, over abstraction. Where water company
assets are affecting, or being affected by, groundwater quality or quantity issues, the
companies should carry out investigations and deliver measures to protect and improve
groundwater. Investigations and measures can only be delivered via the WINEP wheare we
agree to their inclusion.

The use of the groundwater driver codes should only be considered if existing statutory
obligations and measures are insufficient to protect and improve groundwater. Water
companies may need to make improvements outside of the WINEF where they are not
meeting statutory obligations, or where they wish fo do additional work outside of the WINEP
that benefits their business.

The requirements to protect and improve groundwater are:
prevent deterioration (water quality and quantity)
reverse upward trends in pollution
reduce the level of purification treatment required to produce dnnking water (see
Drinking water supplies)
meet “prevent and limit” ebjectives of the Environmental Permitting Regulations (2010}
achieve good status in groundwater bodies

Water companies should recognise the infrinsic value of groundwater, its contribution and
interaction with surface water and wider ecosystems. Water companies are expected to
deliver integrated environmental improvements based on payment for ecosystems services
and natural capital principles.
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Drinking water supplies

Groundwater drinking water protected area (DrWPA) objectives are:
+ to meet good status
« avoid deterioration in water quality in order to reduce the level of purification treatment
required in the production of drinking water.
The latter is implemented through safeguard zones (SgZ). Further information on
groundwater SgZ requirements are described as a separate driver in the DrWPA guidance.

Where a drinking water supply is being affected by an orphaned contaminated land site(s),
water companies should enter into agreements with the Environment Agency, land
owners/occupiers, local councils to remediate those sites.

General guidance on groundwater driver codes

Due to the complex asscciation between the scale of a groundwater body compared to the
linked environmental deterioration/damage, the use of any groundwater driver must be
discussed, scoped out and agreed in advance between the Environment Agency and water
company. Scopes to support the inclusion of schemes must be provided in advance of
agreeing the scheme and be SMART. This will help streamline the aims and objectives of the
proposal to ensure consistency and provide a clear line of sight from the evidence to a
solution.

If there is a new statutory cbligation to meet, investigations and measures can be included in
the WINEP. Groundwater investigations and measures should not relate to capital
maintenance, or risk assessment and associated monitering for the Water Supply (Water
Quality) regulations, as these are statutory requirements of the water companies, and should
go into the maintenance section of the water companies business plans. Neither should they
address existing statutory obligations, for example investigating unpermitted discharges to
ground via poor sewer integrity, this is to avoid double funding and the WINEP being used to
pay for asset maintenance. The WINER is for new environmental obligations the water
companies need to meet.

Investigations must be detailed enough that no further investigation is needed in future, they
should include an options appraisal and an assessment of the cost for proposed measures.
Investigations must not be for the same substance in the same area as investigated in
previous AMP cycles. Monitoring can be included as part of the investigation to gain a more
detailed understand the issues and to identify the actions that need to be implemented.
Ongoing surveillance monitoring however, does not form part of the WINEP and falls into the
company’'s ongoing, business as usual operations, such as catchment monitoring for water
safety plans.

Measures should implement the recommendations of previous AMP investigations or new
obligations following a permit review. Some limited post-scheme appraisal monitoring can be
included in the measures, however ongoing surveillance menitoring should not form part of
the measure.

For groundwater Safeguard Zones, use the DrWPA codes in the DAWPA guidance since
these zones are where protected area cbligations are implemented. Measures in safequard
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zones are subject to cost effectiveness analysis. For DPWPA good status measures use
WFDGW _INV or WFDGW _IMP, these measures are subject to cost benefit analysis.

Remedial treatment actions and measures on land determined as contaminated land can be
included in the WINEP to meet WFD objectives. These objectives include DrWPAs (ie actions
in 5gZs to prevent deterioration or reduce the level of purification treatment at drinking water
sources), no detericration and good status objectives. Remedial treatment actions and
measures can be included in the WINEP following recommendations by previous
investigations and cost benefit analysis which were done as part of the Environmental
Protection Act Part2A assessments. To include remediation you will need to choose the
appropriate driver from this or the DrWPA drivers and record 'contaminated land remediation’
on the WINEFP spreadsheet.

Driver code Description

WFDGW_NDINV | Groundwater Mo deterioration Investigation

Investigations by water companies to fully characterise the reasons for
deterioration in groundwater bodies, undertake an options appraisal and
identify and recommend measures to be included in the next AMP peniod
and carry out a cost effectivenass analysis.

WEFDGW_ND Groundwater Mo deterioration Measure

Actions and measures to prevent deterioration recommended by either
previous investigations; or, actions for water companies identified in river
basin management plans to prevent W or WR deterioration: subject to
cost effectiveness, sustainability and measurement of effectiveness

WFDGW_INV Groundwater Good Status Investigation

Investigations by water companies to fully characterise groundwater
bodies, undertake an options appraisal and identify and recommend
measures to be included in the next AMP period and carry out a cost
benefit/cost effectiveness analysis.

WFDGW_IMP Groundwater Good Status Measure

Actions and measures to meet WFD good status recommended by either
previous investigations; or, actions for water companies identified in river
basin management plans to meet good chemical or quantitative: subject
to cost benefit

Methodology for identifying measures

Who should identify schemes for the WINEP?

Area groundwater teams should lead on identifying water company assets that are affected
by or affecting groundwater guality and quantity (including orphaned contaminated land sites
that are impacting drinking water supplies).

Area groundwater teams should work together with IEP teams to maximise any wider
environmental benefits that can be gained from improving groundwater guality/quantity.
Groundwater WINEP schemes can be combined with other drivers e g. biodiversity to deliver
multiple benefits.

Area teams, the National River Basin Management Services and E&B should work together
with a water company to identify solutions that build resilient catchments. Resilient
catchments do not show deteriorating trends in water quality or guantity and support wider

(]
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ecosystems and the economy. The Environment Agency is encouraging a holistic approach
to catchment management in PR19.

How to identify schemes for inclusion in the WINEP?

The Catchment Planning System and the 2015 river basin management plans (2015 plans)
provide the evidence of the pressure on the groundwater body, the measures to achieve good
status and the objectives for the water bodies. Additional evidence may be held by the water
company to support the inclusion of measures in the WINEP. Safeqguard zone action plans
are also relevant for drinking water protected area objectives (see the DrWPA guidance).

In addition, water companies have an obligation to develop and implement groundwater
management approaches that reduce pollution and achieve sustainable use of resources.
This could, for example, include developing payment for ecosystem services approaches to
reduce nitrate leaching from agricultural land in return for cleaner water supplies.

When considering schemes for inclusion, the Environment Agency encourage water
companies to develop catchment solutions. When considering the costs and benefits of such
solutions, water companies must consider:

Groundwater rebound and unintended consequences, such as acid mine drainage
. Flood risk, including groundwater flooding
*  The need to achieve protected area objectives, particularly DriWPAs and the aim to
reduce treatment
Statutory and non-statutory wetlands
Balancing changes to deployable output with groundwater quality
Discharges to ground/groundwater and their inputs of hazardous substances and non-
hazardous pollutants
Land contamination management and its effects on quality/resources
Climate change and adaptation
Wider costs and benefits to society and the economy
Payments for ecosystem services

When schemes are proposed, water companies need to accept that the poor groundwater
body status is linked to one of their assets either alone or as part of their wider infrastructure.
The scale and ambition of the scheme can be linked to source apportionment where the
water companies will work in collaboration with the Environment Agency to achieve a solution
across all sectors. The final solution reflects the water company contribution. For protected
areas and groundwater safeguard zones see sections DrWPA guidance.

In developing an approach, we would encourage that any proposed measures are trialled
using groundwater models for both quality and quantity, especially models developed as part
of the Environment Agency’s groundwater modelling strategy. Models can provide a robust
approach to the strategic management of the groundwater body and to better understand the
effectiveness of the proposed measure. Models however, should not be used as a sole
decision making tool and do not replace the need for detailed site investigations and fisld
trials. The assumptions on which the models are built should be documented and venfied by
site specific data.
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Investigations must be completed to a standard whereby no further investigation is needed fo
identify solutions to the current problem. The outcome of the investigations should be a
comprehensive understanding of the issues that are causing WFD or groundwater directive
standards not to be met, a comprehensive set of measures that can be implemented and
either a cost effectiveness or cost benefit analysis An assessment of the costs and benefits
should be done, considening the wider social and economic benefits of the proposal, taking
account of the payments for ecosystem services approach. For groundwater safeguard
zones, which implement protected area objectives, an assessment of the cost effectiveness
of measures must be done.

Water companies with discharges to ground (‘groundwater activities’) must meet the
requirements of EPR 2010. If the Environment Agency or water company feel the discharge
doas not meet the EPR “prevent and limit" requirements or there is a nead to investigate the
inputs from the discharge, then investigations should be included in the WINEP. Investigation
should be comprehensive (as per the paragraph above) and linked to the principles in the
chemicals investigation programme. If changes are needed to the permit as a result of the
investigation then the permit must be vaned accordingly. As part of any vanation, water
companies will need to implement a nsk-based tiered approach to assessing monitoring
requirements around the discharge and the “requisite surveillance” requirements of EPR 2010
must be met. At higher risk sites this will include undertaking a modelled assessment of
sewage treatment work discharges fo ground to assess if the “prevent and limit” requirements
of EPR 2010 are being met. Permit conditions to reflect appropriate monitoring

requirements may be required. Compliance against EPR 2010 requirements should be
reported on an annual basis to the Environment Agency. Compliance with EPR 2010 is a
statutory obligation and does not need additional funding through NEP.

Level of confidence required and associated evidence levels

The Environment Agency will use a weight of evidence approach and work with Natural
England, local councils and the Drinking Water Inspectorate to share information on
proposals as appropriate.

The Catchment Planning System and the 2015 plans provide the evidence of classification
(status), characterisation (risk) and whether deterioration has occurred against any of the nine
groundwater status tests.

Where contaminated land remediation is being considered to protect drinking water supplies,
the requirements of Part 2A and the statutory guidance must be followed as well as DrWPA
objectives. Land must be determined as ‘contaminated land’ with a pathway to a drinking
water supply before any remediation scheme is proposed. The Environment Agency must
have confidence in the proposed remedial actions before agreeing to WINEP schemes. Use
of the GWCL driver code must be discussed with representatives of the E&B Groundwater
and Land Contamination Management teams before use.

Measures should only be recommended where investigations have shown confidence in the
outcome, for example, through modelling, menitoring, field trials and cost
benefit/effectiveness analysis (see table 1)

(]
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Table 1: Type of cost assessment needed for including measures in the WINEP or as part of
an investigation output.

Groundwater Objective Requirement | Type of economic
assessment required

Prevent deterioration Must do Cost effective

Reverse upward trends in pollution Must do Cost effective

Have sustainable abstractions Must do Cost effective

Reduce the level of punfication treatment Ambition Cost benefit

required to produce drinking water objective

Meet prevent and limit objectives of EFR Must do Cost effective

Achieve good status in groundwater bodies | Ambition Cost benefit
objective

Protected Area considerations

Water companies must consider and identify schemes that will achieve protected area
objectives, particularly achievement of dnnking water protected area objectives. Benefits to
other protected areas. For example bathing waters and protected habitats, should be
considered as part of the investigations and taking a holistic approach to catchment
management.

FCRM considerations

As part of the investigations that inform measures, water companies must assess the impact
of their proposals on flood risk. Water companies must demonstrate their schemes will not
cause an unaccepiable increase in flood nisk, such as from groundwater rebound, sewer
integrity failures or sewer flooding and mains leakage.

Measures should be integrated to provide a catchment wide solution that benefits
groundwater quality, quantity and flood nisk.

Fisheries considerations

None

Environmental outcome measure

Improvements to environmental outcomes should be achieved through an integrated
catchment approach. Therefore changes to groundwater activities (including licences and
permits) should be part of broad scaled catchment wide solutions. The environmental
outcomes will be measured through the integrated schemeas. Where this driver is used to
affect changes then there are two environmental outcome measures:

s  Volume of water improved through active intervention
. Yolume of groundwater resources recovered

C
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Costing & Economics

Schemes to achieve protected area status or to prevent deterioration are not subject to
appraisal of costs and benefits because there are no exemptions on economic grounds in the
current legislative drivers. However, they should be cost effective (cost effective means the
solution that meets the objective with the lowest overall costs (including non-monetised costs)
and technically feasible).

Schemes to improve the status of ground water bodies should be technically feasible, and
cost effective (identified, using the Environment Agency Water Resources Cost Effectiveness
Assessment tool (or similar method)). An appraisal of costs and benefits will also be needed
to determine if they are likely to be disproportionately costly or not. The Environment
Agency’s stage 1 valuation methodology, as set out in the Water Appraisal Guidance which
includes the Ground Water Appraisal Guidance, should form the basis of the catchment level
economic appraisal of these schemes. More guidance about taking a proportionate review
and update of current economic appraisals is available here.

For investigations, no appraisal of costs and benefits is required fo justify the inclusion of
investigations and options appraisals on the WINEP.

Refer to the DrWPA guidance for additional guidance on DilWPAs.

Links to technical documents

For the application of the WFDGW driver to meet good status, refer to the guidance in the
Investigations Toolkit for Objective Setting for second cycle RBMP:

+ Annex 1 Objective setting process for groundwater quality
+ Annex 2 Objective setting guidance for groundwater (quantitative) elements; and

The overall objectives for the management of groundwater is defined within Groundwater
Protection: Policy and Practice

Other considerations

When developing groundwater schemes you must look for wider benefits and catchment
partners to deliver measures that consider and benefit the whole catchment and multiple
users

Linked to outstanding policy decision (please tick):
MNone

External Organsiation Consultation:

DEFRA
Dwl
NE

(]
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7.5 Appendix 7: Guidance Note: Long term planning for the
quality of drinking water supplies Drinking Water
Inspectorate Guidance to water companies

*** The catchment management section of this document has been included below. The
rest of the guidance can be made available on request ***

Drinking Water Inspectorate :
Guidance to water companies @,

Guidance Note: Long term planning for the
quality of drinking water supplies

UNCONTROLLED iF FRINTED Issue date- Septemnber 2017
LTF VERSOMN 01 Fage 1of 13
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GUIDANCE NOTE ON LONG TERM PLANNING FOR THE QUALITY OF DRINKING
WATER SUPPLIES

1. Purpose

1.1.  The purpose of this Guidance Note is to provide water companies and other
stakeholders with guidance on long term planning for the quality of drinking water supplies.

1.2.  This long term planning guidance note is not intended to be a comprehensive review
of water supply practice. There are nc new policy initiatives set out herein, and no new legal
obligations. The focus is on delivery of existing obligations, including recent and imminent
leqislative changes, using current good practice within a long term planning context.

1.3. The guidance note also provides advice on how the Inspectorate might assist
companigs in the periodic review process for sefling of prices, led by Ofwat, including details
of arrangements for information submissions io the Inspectorate; the Inspeciorate’s
assessment processes; and a timeline for supporting current expectations of PR19
requirements. It takes account of current draft Ministerial guidance to Ofwat on strategic
priorties and obhjectives from both the Welsh Government and the UK Govemment.

1.4, We will update this document as necessary to take account of developments in
leqgislation, policy and industry good practice and future pericdic reviews. The Inspectorate
welcomes comments on the document, including suggestions for areas or matiers not
currently included.

1.5 The regulatory framework that seis the context for this Guidance Note is summarised
in our Guidance on the Requlations: Introduction to the Public Water Supply Regulations in
England and Wales.

2. Content summary

Section 1: Purpose

Section 2- Content summary

Section 3 Principles of approach

Section 4: Broad considerations in planning for the long tem
41  Risk assessment
4.2 Catchment management
4.3 Resource and supply management
4.4  Raw water deteroration
45  Pesticides
46  Water treatment
47 Water distribution
48 Lead
49  Other point of use considerations

UNCONTROLLED IF PRINTED Issue date: September 2017
LTP VERSION 01 Page 2of 23
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410 Radioactivity
411 Other enduring or emerging risks
Section 5. Supporting development of business plans for periodic reviews
a1 Context
52 Routine arrangements
53  Accommodafing business plan reviews
ha Evidence to justify need
R Decision Letters and Legal Instruments
56 Engagement
57  Timeline for PR19 engagement

Anmex A

3. Principles of approach

31 The Inspectorate expects all water companies to take a source to tap approach to
manage their water supplies to protect the health of their consumers, and maintain
consumer confidence in the supply and senvices provided. Central fo achieving these
objectives is the mandatory use of drinking water safety plans. This is current national and
international good practice for water supply management.

32 The delivery of this approach should be efficient and sustainable, and contribute to a
lasting legacy of long term benefit for both the company and its consumers. To have
legitimacy, and to gain the support of the Inspectorate, this approach needs to be
transparent about short and long term investment requirements, for current consumers and
future generations.

33 For all aspecis of planning, whether for event management, drought management,
water resource management, maintenance management or operations management, itis a
fundamental requirement that drinking water quality is always cenfral to, and accounted for,
in all cost benefit assessments of options considered. it is expected that companies will
always plan to meet their statutory obligations for drinking water quality.

34 The sustainability and resilience of the quality of supplies are important for services
to consumers, and need o be an integral part of all planning and delivery functions of a
company. It is expected that companies will plan for their nesds from a stewardship
perspective across generations of consumers. To do s0, companies will need to foster and
develop their supply chain to facilitate and retain the knowledge and skills that are the
bedrock for building efficient and innovative solutions and service. In respect of routine
operational resilience, it is expecied that every company will proactively plan for the
containment and recovery from potential events that might otherwise impact on consumers,
with a view to maintaining levels of drinking water quality protection, confidence,
acceptability and service.

x5 Given the relative stahbility of the legislative framewoark for the quahty of drinking water
supplies, and the consistency of approach over time, the Inspecitorate expects that

UNCONTROLLED iF PRINTED Issue date: September 2017
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companies’ operations and maintenance arrangements should consistently, proactively and
sustainably meet all statutory obligations, while addressing any localised changes to risk
profiles as happen from time to time, using established risk assessment reporting processes.
We believe that this is at the heart of the relationship between a water company and its
consumers, underpinned by the embedded company culture and staff behaviours that
support the daily endeavour necessary to maintain a level of quality and service that meets
consumers' expectations, and is how problems are dealt with when they arise. By its
activities over time, the company demonstrates its trustworthiness, to gain the trust and
confidence of its consumers.

36 References in this Guidance Mote to the Act and the Regulations are to the Water
Industry Act 1991 (and updates/amendments), and the Water Supply (Water Cuality)
Reguiations 2016 for England and the Water Supply (Water Quality) Regulations 2010 (as
amended) for Wales. Links to these and other relevant key legislation can be found here

4, Broad considerations in planning for the long term
41 Risk assessments

411 Itis mandatory for water companies to carry out risk assessments of all of their water
supply systems, from source to {ap, adopting a drnking water safety plan approach. The risk
assessment reports subsequently submitied to the Inspectorate should identify the hazard
{or partially mitigated hazard) and any associated parameters; evidence that the cause of
the hazard has been identified and confirmed; and the range of options for mitigation
considered including, where appropriate, catchment management measures. There must
also be a clear statement of how the benefits delivered by the actions will be measured (to
include the scope, frequency and location of monitoring).

412 Companies are required to keep under review, their risk assessments for all of their
water supplies, and io repori updates to the Inspectorate. in doing so, they should have
regard to any leaming from events or near misses that is circulated by the inspectorate or
companies from time to time.

4.1.3 If a regulatory risk assessment identifies clear actual or potentially significant risks, the
company must manage and mitigate the risks from the hazard in a timely, effective and
efficient manner o the benefit of consumers. The Inspectorate may consider putting in place
a legal instrument to ensure that desired outcomes are achieved.

42 Catchment management

421 Catchment management schemes have been widely used by water companies to
address hoth point source and diffuse pollufion, such as nitrate and pesticides. There are
many benefits to catchment management approaches that address poliution at source: such
schemes benefit the wider water environment; reduce the need for, or burden on, water
treatment facilities; and provide sustainahle, long-term, cost effective solufions. They remain
the first consideration of all source o tap risk assessments to reduce risks prior to treatment
and ultimately mitigate all significant risks to public health, wholesomeness and acceptability
of water suppiies

UNCONTROLLED iF PRINTED Issue date: September 2017
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422 The Inspectorate has actively promoted catchment management approaches for
many years, including incorporating their use in legal instruments ansing from compliance
failures, or identified risks.

423 The likelihood of success of catchment management measures varies depending on
the nature of the parameter, the size and nature of the catchment, the arigin of the pollution
and other factors. Therefore, individual proposals will be assessed on their merits.

424 The accumulation of catchment management improvements gained from a
muitiplicity of proactive integrated solutions (such as stakeholder engagement at both
national and local levels; pollution confrol; raw water management; abstraction control, and
raw andfor treated water blending) may negate or delay the need for, new and/or upgraded
treatment processes. In addition catchment management offers protection of the quality of
water supplies.

425 Forsuch solutions to be effective and sustainable, they require the commitment of
significant resources and multiple interactions over a prolonged period by companies, and
often reqguire the co-ordination of outputs to be delivered by various third pariies. Although
control of the hazard at source is always the primary objective, where catchment
management solutions are specified, we recognise that the full delivery of outcomes via
catchment management measures may be uncertain, or may prolong the period before
henefits accrue to consumers. To ensure that a legal instrument is fit for purpose, the
Inspeciorate will need to understand these constraints, and the other actions that the
company may need to take, or to make provision for, to supplement its catchment
management activities, including the relative contribution of catchment management
activities to outcome delivery; the potential impact on pricrities; the timescale for completion;
and the amangements for programme recovery, if needed.

426 The Inspectorate will continue to pursue this policy, and will encourage companies to
routinely incorporate catchment management solutions as a fundamental part of their source
to tap management of their water supplies. This approach is consistent with wider
environmental considerations, including delivery of the provisions of the Water Framework
Directive (WFD), Article 7. We will support companies, working with the stakeholders and
Reguiators involved, to find and implement the most cost effective, efficient and sustainahie
solutions to deliver the reguired outcomes. We will continue to work with other Regulators to
facilitate the scope and specification of catchment solutions where there are synergies with
environmental drivers, and we expect companies to liaise with their local envircnmental
Regulator representatives on the development of their catchment management solutions._

427 Whilst the most significant catchment management schemes, from a drinking water
quality perspective, will continue to be incorporated within legal instruments, we expect
companies to routinely engage in proactive catchment management activity as a matter of
good practice for all of their water supplies.

43 Resource and supply management

431 The Inspectorate expects water companies to meet their statutory obligations under
section 68 of the Act, including, their duty to supply wholesome water.

UNCONTROLLED IF PRINTED Issue date: September 2017
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7.6 Appendix 8: Mapping of karst features and identification
of preferential pollutant pathways

**** The Contents Pages and Introduction to this report have been included below. The
whole report can be made available on request ****

CRITT

British
Geological Survey

BATURAL BRSNS LT BT ARSI COUNCIL

Mapping of karst features and
identification of preferential
pollutant pathways

Geology and Regional Geophysics Programme
Commissioned Report CR/17/071
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Mapping of karst features and
identification of preferential
pollutant pathways
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1 Introduction

This report provides an assessment of the potential for karst feamures and rapid groundwater
flow in selected Affinity Water abstraction catchments Affinity Water has identified 20
catchments in the Chilterns and the North Downs which are under investigation through the
Wational Environment Programme for Water Quality (NEP WQ). The catchments are based
on the Environment Agency Source Protection Zone 2 (SPZ 2) areas provided by Affinity
Water, and have a combined area of 275 lam™ (Table 1.1). The aim of this study is to identify
where there is the potential for karst stream sinks to feed into preferential pollutant pathways
connecting swface water mputs and groundwater outlets. These are then evaluated to
determine whether they may be affecting drinking water absiractions. and to provide
suggestions for mitigation. Essendon, Water End and the Upper Colne abstractions have well
developed karst features. including stream sinks. In other catchments where karst stream
sinks are apparently absent, the aim is to assess whether there is any other evidence for rapid
karstic flow along preferential pollutant pathnaays.

Source Name Catchment size (lan®) Pollutant of concern | Combined
based on SPZ 1 catchment

North Mymms 60 Pesticides

Essendon 16 Pesticides

Netherwild 36 (total for Upper Colne) Pesticides Upper Colne

EBncket Wood 36 (total for Upper Caolne) Pesticides Upper Colne

Wall Hall 36 (total for Upper Colne) Pesticides Upper Colne

Berry Grove 36 (total for Upper Colne)} Peshieides Upper Colne

Bushey Hall 36 (total for Upper Colne) Pesticides Upper Colne

Bushey 36 (total for Upper Colne) Pesticides Upper Colne

Sawbndgeworth 288 Pesticides

Foydon 284 Pesticides

Offley Bottom 10 Witrate

Chartridge 138 Nitrate

Broome (Kent) 38 Mitrate

Eingsdown (Eent) 12 Mifrate

Stansted 15 Nitrate

MNewport 15 Nitrate

Kings Walden ER Nitrate

Chipping 11.1 Nifrate

Slip End 11 Nitrate

Oughtonhead 10 Nitrate

Table 1.1  Catchments assessed for the potential for karst features and rapid

groundwater flow.,

2 Definitions

In this report. we define the term ‘stream sink’ as a discrete point or area where streams or
other surface runoff sinks underpround into karstic cavities. A stream sink may encompass
multiple individual sink points within a large closed depression or small geographical area, or
a place in a stream bed where water sinks underground. It does not include other dissolution
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phenomena such as caves, sinkholes or dissclufion pipes that do not accept discrete water
inflow. A sinkhole is a closed depression which may or may not take water, also sometimes
known as-a ‘doline’. The term sinkhole is sometimes also used in the context of surface
collapses that are cansed by uaderground mine worlangs which are not related to karst, and
can canse confusion. However, in this report; the term sinkhole is solely used to refer to
karstic features, and not anthropogenic collapses. The term ‘swallow hole’ has been used to
mean a stream sink or a doline, which has also led to confision. so is not used in this report.

3 Methods

311 OVERVIEW

To assess the likelihicod that karst may affect drinling water sources, and to provide evidence
to determine future catchment mitigation measures, an assessment of the surface karst
features in each abstraction catchment area identified by Affinity Water (defined as area
covered by the SPZ 2) was undertaken.

The initial phase of work was a comprebensive desk stody evalvation to identify and
characterise stream sinks and other karst features, using a variety of data sources outlined
below. This immcluded a review of the available literature, coupled with GIS amalysis of
geological and other spatial data in each catchment. Datasets examined inchuded data from
public sources (journal papers and reports, maps. caving club journals), datasets held by BGS
(geclogical field ships, karst databases) and data held by Affinity Water. This literature
review was augmented by data from a short field survey of the Water End. Essendon and
Upper Colne catchments. Where discrete stream sinls were identified, their surface
catchments were determined from topographic maps. DTM and Tidar data was also evaluated
bt woodland areas proved problematic. These data were then nsed to assess the hydrological
significance of each stream sink (or group of sinks). in terms of how much flow they
contribute to the aquifer.

An appraisal of risk, based on available evidence was undertaken psing land vse and other
relevant data provided by the client to characterise potential contamination sources within the
topographical catchment of the stream sinks. The potential for contamination was combined
with the hydrological appraisal of each stream sink to create an overall risk assessment for
the stream sink catchment.

In the two pesticide impacted catchments and nine nitrate impacted carchments where stream
sinks were not identified, the approach was to evaluate any other evidence for karst and rapid
groundwater flow in the catchment.

The methodclogy can be summanised thus:

Stage 1. Desk study assessment (BGS fieldslips & data, databases. Affimty Water data)
Stage 2 Field survey of karst features {Essendon. North Mymms and Upper Colne area)
Stage 3 Delineation of stream sink catchment areas

Stage 4 Hydrological appraisal of stream sinks (stream sink charactenstics and flow)
Stage 5 Appraisal of contamination risk from land vse analysis

Stage 6 Combined hazard score from contamination risk and hydrological aszessment
Stage 7 Assessment of risk in catchments with no stream sinks

3.1 SOURCES OF INFORMATION

A mumber of sources of information were consulted to identify surface karst features. notably
stream sinks and sinkholes in the abstraction catchments.

0
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7.7 Appendix 9: Business requirements to support options

appraisal

7.7.1 Requirements Priority Matrix

Table 4 Requirement Priority Matrix

Designation Explanation

Must The solution will not be accepted if a requirement that has a priority
of 'Must' has not been delivered.

Should The requirement with a priority of 'Should' would provide business
benefit, but the business would accept a solution where this
requirement was not delivered e.g. the solution could be delivered
by other projects/changes of working practice. If possible, the
solution should deliver these requirements.

Could The requirement with a priority of 'Could' may provide some
business benefit, but not as much as the requirements that have
been prioritised as 'should' and 'must'. The business would accept
a solution where this requirement was not delivered.

Won't Won't do this now but may wish to implement in the future.

7.7.2 Functional Requirements

Table 5 Functional Requirements

geological features (stream sinks) and

risk in order to prioritise intervention

Requirement Description Rationale Priority
Implement an enhanced combined
programme of catchment pesticide
monitoring of the River Colne and
Mimmshall Brook for "at risk" pesticides | This combined programme of
for implementation in Aug 2020. This monitoring enables us to identify priority
will build on the existing combined areas to focus catchment management
programme of monitoring for resources and targeted pesticide
metaldehyde currently implemented in reduction schemes where the greatest
1 AMP6 water quality benefit can be derived Must
To incentivise farmers in high risk areas
- . to implement best practice measures to
Imp"Iem_e nt" pestlp |_de redqctlon schemes | roquce pesticides affecting raw water
for “at risk pe.stlc_ldes.usmg PES quality at the source to reduce the risk
methodolog)_/ n h!gh risk sub- of breaches of the drinking water
catchments |der_1t|f|§d through standard at the River Thames
2 | catchment monitoring by Sept 2021 abstractions Must
Develop a Payment for Ecosystem
Services methodology and incentive This methodology and mechanism can
mechanism with appropriate menu of be applied to pesticide reduction
measures identified (e.g. Reverse schemes and utilised to ensure a high
auctions) through AMP6 investigations level of farmer participation in identified
3 | by Sept 2020 schemes Must
4 Undertake tracer testing of key karst To classify the stream sinks in terms of Must
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classify each feature in terms of
contribution to raw water quality

measures (pesticide reduction
schemes, changes in land use and
constructed wetlands)

Develop a Capital Grants scheme
available to farmers in high risk areas
for funding towards farm infrastructure
improvements (e.g. pesticide handling
areas) that will ultimately improve raw
water quality or mitigate the risk of

To further enhance pesticide reduction
schemes and provide a greater
assurance of risk mitigation for pesticide

pollution events losses to raw water in high risk areas Could
Building on the pesticide amnesties
trialled in AMPG6 with the benefit of a)
removing the risk of pesticides ending
up in raw water and b) Providing a cost

Undertake an annual Pesticide Amnesty | effective route for engagement farmers

in all high risk catchments available to to encourage higher level of

farmers to safely remove all banned, out | participation in pesticide reduction

of date and unwanted pesticides schemes Could

7.7.3 Non-Functional Requirements
Table 6 Non-Functional Requirements

Requirement Description Rationale Priority
To provide specialist expertise on

Identify and procure specialist implementing pesticide reduction

agricultural delivery partners through schemes where we are unable to

either consultancy services agreements | source this expertise in-house.

of a framework to support delivery of the | Experience from AMP6 has identified

pesticide reduction schemes and suitable delivery partners and the value

associated catchment characterization of identifying partners with experience

activities by Sept 2020 with local farmer groups Must
To agree the scope of activities to be

Agree catchment management delivered through the NORM and Upper

approach to DrWPA schemes with the Colne DrWPA schemes under WINEP.

EA and ensure sign off of WINEP Ensure this is aligned with agreed

Catchment Measures Specification for options funded under PR19 business

agreed PR19 approach by Mar 2020 plan Must
To ensure we meet the regulatory

Annual progress reporting in requirements of EA and DWI and

accordance with agreed reporting provide ongoing progress reporting with

requirements with the EA (WINEP benefits realization on effectiveness of

driver) and DWI (Undertakings) the implemented programme of work Must
Potentially lower treatment costs
through extending life of GAC between

Improvement in raw water quality regeneration / changes Should




AFW Securing Cost Efficiency Appendices 159

@
AffinityWater

Appendix AFW.CE.A1.5
Action ref AFW.CE.A1

Catchment management: Nitrate affected sources



AFW Securing Cost Efficiency Appendices 160



AFW Securing Cost Efficiency Appendices 161

N
Affinity Water

Your local supply, on tap

Catchment management: Nitrate
affected sources

PR19 Business Case

March 2019

CM Nitrate affected sources Business Case Page 2



AFW Securing Cost Efficiency Appendices

Affinity Water

Asset Strategy document control sheet

Document amendment history

Version | Status Date Amendment to this version
V6 Draft 01/03/2019 Revised BC in new template for re-submission
V7 Draft 06/03/2019 | Revised version based on initial review with Marie Whaley
V8 Final 22/03/2019 Final version

Document approval

Document title

Catchment management: Nitrate affected sources PR19 Business Case

e-Document location

following EMT review
(external use)

Strategy, Data and
Innovation

Name Signature Title Date

Author/originator Alister Leggatt ,,.);il 5 Asset Manager 22/03/2019
Technical Reviewer Ellie Powers Senior Asset 22/03/2019

@}S‘QJS Manager
Approver 1 HoD Affie Panayiotou f’ Head of Water 22/03/2019
(internal use) ‘F'I'H% Strategy
Approver 2 Legal
(external use)
Approver 3 AS Director Marie Whaley Director of Asset 22/03/2019

Disclaimer

This document has been prepared in accordance with the Affinity Water Quality System and is uncontrolled for use outside
the company except for those recipients on the controlled circulation list.

Uncontrolled copies will not be updated if and when changes are made.

If you do not have a controlled copy and you wish to make use of this document, you should contact Affinity Water to obtain
a copy of the latest available version.

CM Nitrate affected sources Business Case

Page 3

(]

162



AFW Securing Cost Efficiency Appendices

Table of Contents

N —

Affinity Water

Page
Document Purpose 8
Executive Summary 8
21 Introduction 8
2.2  Drivers 8
2.3  Best value option 9
2.4  Cost summary table 10
2.5 Customer benefits and resilience benefits 11
26  Methodology 12
Defined Need and Dependencies 13
3.1 Defined need 13
3.2  Assumptions 14
3.3  Constraints 15
3.4  Dependencies 15
Options Appraisal 16
4.1 Approach 16
4.2  Options 16
4.2 1 Do nothing 16
422 Option 1 - Catchment Management Enhanced 17
at whole catchment scale for eight nitrate
affected groundwater sources (preferred option)
423 Option 2 - Catchment Management nitrate 18
mitigation pilot schemes at targeted catchment
scale
4.3  Cost Benefit Analysis 18
4.3.1 NPV assessment 18
4.3.2 Environment Agency Operational Catchment 19
Economic Appraisals for the Upper Lee in
February 2018
44 Recommendation 21
Risks and Issues 22
Procurement Strategy 22
APPENDICES
71 Appendix 1: National Environment Programme Water 24
Quality Schemes: Nitrate Affected Sources Investigation
Report 2017
7.2 Appendix 2: Unit Costs PR19 — BROM nitrate 31
7.2.1 Option 1 31
7.2.2 Option 2 32
7.3 Appendix 3: Unit Costs PR19 — CHAR nitrate 33
7.3.1 Option 1 33
7.3.2 Option 2 34
7.4 Appendix 4: Unit Costs PR19 — CHIP nitrate 35
7.4.1 Option 1 35

CM Nitrate affected sources Business Case

Page 4

(]

163



7.5
7.6

7.7

7.8
7.9
7.10

7.11

712
713

7.14

TABLES
Table 1
Table 2

Table 3
Table 5

Table 6
Table 7

AFW Securing Cost Efficiency Appendices

7.4.2 Option 2
Appendix 5: Unit Costs PR19 — KINW nitrate
7.5.1 Option 1
7.5.2 Option 2
Appendix 6: Unit Costs PR19 — KIND nitrate
7.6.1 Option 1
7.6.2 Option 2

Appendix 7: Unit Costs PR19 — OFFS and OUGH
nitrate

7.7.1 Option 1
7.7.2 Option 2
Appendix 8: Unit Costs PR19 — SLIP nitrate
7.8.1 Option 1
7.8.2 Option 2

Appendix 9: Summary of NPV assessment

Appendix 10: EA PR19 Driver Guidance: Groundwater
Pressures Final

Appendix 11: Guidance Note: Long term planning for
the quality of drinking water supplies Drinking Water
Inspectorate Guidance to water companies

Appendix 12: Mapping of karst features and
identification of preferential pollutant pathways
Appendix 13: Amec Foster Wheeler: Affinity Water
Nitrate and Pesticide Modelling Synthesis Report
Appendix 14: Business requirements to support options

appraisal

7141 Requirements Priority Matrix
7.14.2 Functional Requirements
7.14.3 Non-Functional Requirements

Costings for the Best Value Option

Costings for the selected options in the options
appraisal

Summary of appraisal results for recommended bundle
of measure

Requirements Priority Matrix

Functional Requirements

Non-Functional Requirements

0
Affinity Water

36
37
37
38
39
39
40
41

41
42
43
43
44
45
46

53

58
70
76
76

76
77

10
16
19
76

76
77

CM Nitrate affected sources Business Case

Page 5

164



AFW Securing Cost Efficiency Appendices

()

Affinity Wate

1 Document Purpose

The purpose of the Project Business Case is to describe the reasons for the project and the
justification for undertaking it, based on the estimated costs of the project, the expected business
benefits, savings and risks.

The Business case will also present all the options that have been assessed to deliver the project
outcome and will indicate the preferred option out of all considered.

During the project a Business Case is a major controlled document that is referenced on a regular
basis to ensure and confirm that the project remains viable. It is maintained throughout the
lifecycle of the project, being reviewed by key stakeholders at key decision points, i.e. at the end
of a phase.

2 Executive Summary
2.1 Introduction

A recent report from the government Environmental Audit Committee (November 2018)
highlighted that historic overuse of fertilisers poses risk to around a third of UK drinking water. A
‘nitrate time bomb’, caused by a historic overuse of farming fertilisers, is working its way through
much of the UK’s groundwater sources. The delay caused through percolation means nitrate
pollution might not peak for another 60 years.

A number of Affinity Water groundwater sources in the Lee and Dour communities are affected
by long-term increasing trends in nitrate concentrations, with several of these sources already
exceeding the drinking water standard of 50mg/l as NO? either on a continual basis, or resulting
from seasonal peak in nitrate concentrations linked to the agricultural season.

Investigations carried out by our catchment management team in AMP6 for BROM, CHAR, CHIP,
KINW, KIND, OFFS, OUGH and SLIP has modelled the long-term trend in nitrate over the next
70 years and assessed the viability of catchment-based measures in AMP7 and beyond as part
of a long-term programme of reducing nitrate leaching into groundwater in these catchments.

This business case documents the need for investment in catchment measures for these sources.
This document also describes the options appraisal undertaken the reasoning behind the
selection of the preferred option.

2.2 Drivers

The Nitrate Affected Sources Catchment Management scheme drivers include:

¢ Mitigate rising trends in nitrate concentrations affecting eight groundwater sources by
working with farmers and other polluters (e.g. waste water) through catchment measures.

¢ Increasing resilience of our assets by focusing effort in reducing nitrate leaching in the
catchment. This will reduce the frequency of nitrate exceedances above the drinking water
standard (seasonal peaks influenced by rising and falling groundwater levels) in the short
to medium term (2 to 5 years) and support reduction in future treatment investment (capex)
and ongoing opex costs for nitrate removal plants in the longer term (5 to 50 years).

o Regulatory expectations to deliver catchment management under the 'no deterioration’
driver of the Water Framework Directive (WFD) agreed with the Environment Agency (EA)
through the Water Industry National Environment Programme (WINEP).
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e Meet the expectations stipulated by the Blueprint for Water coalition's manifesto on
environmental investment for PR19 and the requirements of the DWI Guidance Note: Long
term planning for the quality of drinking water supplies issued September 2017.

2.3 Best value option

Option 1 - Catchment Management Enhanced with nitrate reduction schemes for eight
groundwater sources.

This is the best value option as it fulfils all regulatory obligations under WFD and is most likely to
be effective in curtailing requirements for additional treatment. This option has been developed
to ensure it meets the requirements of the EA PR19 driver guidance for groundwater pressures
(Appendix 9) and the DWI long term planning for water quality guidance (Appendix 10). This
option develops a programme of measures to reduce nitrate leaching to groundwater based on
robust evidence gathered from the WINEP investigations completed in 2017 (Appendix 1) and
the mapping of karst features and identification of preferential pollutant pathways (Appendix 12)
and nitrate modelling for each source (Appendix 13). It supports Customer Outcome 3: Supplying
high quality water that customers can trust by empowering farmers as producers of clean water
through a Payment for Ecosystem Services mechanism that is being trialled during AMP6 for
pesticides and through a series of cover cropping trials being carried out in AMP6 to measure the
reduction in nitrate leaching from particular crops. The evidence gathered from both these trials
will inform the development of a nitrate reduction scheme through the preferred option. This
approach seeks to reduce diffuse agricultural pollution at the source providing greater resilience
to existing treatment and blending options.

The key objective of the project is to develop an effective "Payment for Ecosystem Services"
(PES) mechanism which aims to empower farmers as producers of clean water in our catchments.
The schemes will incentivise farmers to go beyond compliance with their legal obligations, which
are not effective for improving water quality, to adopt best practice controls where the need is
greatest. The project will support research and provide evidence for the most effective measures
and work directly with farmers and other key stakeholders to implement these measures, monitor
their effectiveness and replicability in larger catchment areas and prevent further deterioration in
water quality. The PES approach will focus on working with farmers to improve crop protection,
soil husbandry and water source protection. The measures that will be developed and incentivised
have the potential to provide additional ecosystem services benefits including: improved soil
retention, greater flood resilience through improved soil organic matter and more sustainable
farming. The project work in collaboration with a range of stakeholders including specialist
agricultural delivery partners, regulators, Natural England, farmers and agronomists.

There are limited examples of catchment-based schemes for nitrate reduction in the UK and the
proposed Payment for Ecosystem Services approach, using an innovative catchment trading
platform, will develop catchment-specific solutions to reduce nitrate leaching to groundwater. The
project will identify and drive best practice in soil husbandry and associated incentive mechanisms
to encourage greater uptake of measures with farmers in our affected catchments and work with
academia to progress the science in this field.

In addition, this project will seek to utilise a range of emerging technologies including satellite
imagery, remote sensing, passive samplers, drone technology and will aim to ascertain the wider
ecosystem services benefits of the schemes and undertake Natural Capital assessments to
support future business planning.
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The scope of activities included in the best value option include (but are not limited to):
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