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14.2 Flood Risk Assessment and Outline Drainage Strategy

14.2.1 Introduction

14.2.11 The Flood Risk Assessment (FRA) and outline drainage strategy has
been developed to support Chapter 14 Road drainage and the water
environment of the Environmental Statement (ES) (Application
Document 3.2) for the Project. The Project is described in Chapter 2:
the Project (Application Document 3.2).

14.2.1.2 This report describes the baseline environment, the existing flood risk
and drainage arrangements on a scheme-by-scheme basis and the
proposed drainage design principles and parameters for the Project.

14.2.1.3 The FRA sections of this document are required to identify the
sources of flood risk to and from the Project. An FRA is required in
England for:

e any development or change of use in Flood Zones 2 or 3, as
identified from the Environment Agency flood maps,

¢ any development more than 1 hectare (ha) in size in Flood Zone 1

e any development in Flood Zone 1 which may be susceptible to
flooding from sources other than rivers and the sea or subject to
critical drainage problems

14.2.1.4 A review of the Environment Agency Flood Maps (Environment
Agency, 2019)" indicates that the majority of schemes within the
Project are within Flood Zone 1; however, as some areas of schemes
are within Flood Zones 2 or 3 and the overall Project is greater than
1ha and therefore a FRA is required in accordance with the current
legislation.

14.2.1.5 The Environmental Management Plan (EMP) (Application Document
2.7) includes details of measures to protect the water environment
during construction of the scheme and so construction issues are not
considered in this report.

14.2.1.6 This report has been completed in accordance with the Design
Manual from Roads and Bridges (DMRB) LA 113 Road drainage and
the water environment (DMRB LA 113) (Highways England, 2020)?
and the following DMRB Standards:

e DMRB CD 521 - Hydraulic design of road edge surface water
channels and outlets (DMRB CD 521) (Highways England, 2021a)3

e DMRB CD 524 - Edge of pavement details (DMRB CD 524)
(Highways England, 2021b)*

T Environment Agency (2019) Flood Map for Planning.

2 Highways England (2020a) Design Manual for Roads and Bridges LA 113 Road drainage
and the water environment. Version 1.

3 Highways England (2021a) Design Manual for Roads and Bridges CD 521 Hydraulic design of
road edge surface water channels and outlets

4 Highways England (2021b) Design Manual for Roads and Bridges CD 524 Edge of pavement
details
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e DMRB CD 526 - Spacing of road gullies (DMRB CD 526)
(Highways England, 2020b)>°

e DMRB CD 501 - Design of highway drainage systems (DMRB CD
501) (Highways England 2020c)®

e DMRB CD 529 - Design of outfall and culvert details (DMRB CD
529) (Highways England, 2021c)’

14.21.7 Further information to support and inform the assessment, including
existing and proposed drainage plans, catchment representations,
calculations, MicroDrainage model outputs and hydraulic modelling
reports are located in the following annexes to this appendix:

Annex A: Proposed drainage layouts

Annex B: Calculations

Annex C: Existing catchment plans

Annex D: Proposed catchment plans

Annex E: Annex E: Hydraulic modelling reports.

Legislation and policy framework
Flood Risk Regulations 2009

14.2.1.8 The Flood Risk Regulations 2009 require the assessment and
management of flood risk in England and Wales. The regulations
designate a Lead Local Flood Authority (LLFA) and impose duties on
the Environment Agency and LLFAs to prepare a number of
documents including:

e Preliminary Flood Risk Assessments
e Flood risk and flood hazard maps
¢ Flood risk management plans.

Flood and Water Management Act 2010

14.2.1.9 The Flood and Water Management Act gives the Environment
Agency a strategic overview of the management of flood and coastal
erosion risk in England. In accordance with the Government’s
Response to the Pitt Review, it also gives upper tier local authorities
in England responsibility for preparing and putting in place strategies
for managing flood risk from groundwater, surface water and ordinary
watercourses in their areas.

14.2.1.10 It provides for better, more comprehensive management of flood risk
for people, homes and businesses, helps safeguard community
groups from unaffordable rises in surface water drainage charges and
protects water supplies to the consumer.

5 Highways England (2020b) Design Manual for Roads and Bridges CD 526 Spacing of road gullies
6 Highways England (2020c) Design Manual for Roads and Bridges CG 501 Design of highway
drainage systems

7 Highways England (2021c) Design Manual for Roads and Bridges CD 529 Design of
outfall and culvert details
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National Policy Statement for National Networks

14.2.1.11 National Policy Statement for National Networks (NPSNN)
(Department for Transport, 2014)2 paragraph reference 5.90 to 5.115
sets out how flood risk impacts should be considered. A NPSNN
compliant FRA should include the following.

14.2.1.12  Consideration of the risks of all forms of flooding arising from the
Project (including adjacent parts of the United Kingdom), in addition
to the risks of flooding to the Project, and demonstrate how these
risks will be managed and, where relevant, mitigated, so that the
development remains safe throughout its lifetime.

14.2.1.13  The impacts of climate change should be taken into account, clearly
stating the development lifetime over which the assessment has been
made.

14.2.1.14  Consideration of the vulnerability of those using the infrastructure
including arrangements for safe access and exit.

14.2.1.15  Inclusion of an assessment of the remaining (known as ‘residual’) risk
after risk reduction measures have been taken into account and
demonstrate that this is acceptable for the Project.

14.2.1.16  Consideration of whether there is a need to remain operational during
a worst-case flood event of the development’s lifetime.

14.2.1.17  Evidence for the Secretary of State to apply the Sequential Test and
Exception Test, as appropriate.

National Planning Policy Framework

14.2.1.18  The Department for Communities and Local Government (DCLG)
published the National Planning Policy Framework (NPPF) (Ministry
of Housing, Communities & Local Government, 2021)° on the 27
March 2012. This was a wholesale reform of the planning system and
replaced all existing Planning Policy Guidance (PPG) and Statements
(PPS) to make the planning system less complex and more
accessible. It transfers more responsibility onto individual planning
authorities and states that there should normally be a practice in
favour of ‘sustainable development’. The NPPF has subsequently
been updated by the Ministry of Housing, Communities and Local
Government (MHCLG) in July 2018 and again in February 2019.

14.2.1.19  The aim of the NPPF, particularly relating to flooding, is to ensure that
flood risk is considered at all stages in the planning process, to avoid
inappropriate development in areas at risk of flooding and to direct
development away from areas at highest risk. It does this by
formulating a risk-based approach towards flooding to be adopted at
all levels of planning.

8 Department for Transport (2014) National policy statement for national networks.

% Ministry of Housing, Communities & Local Government (2021) National Planning Policy
Framework.
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14.2.1.20 In April 2015 changes to the NPPF saw the LLFA made a statutory
planning consultee for development and flood risk issues except
those concerning Main Rivers. Responsibility for the latter still resides
with the Environment Agency. Furthermore, the Local Planning
Authority (LPA), through the planning system, were given the role of
ensuring sustainable drainage is incorporated into schemes.

Guidance

14.2.1.21  The following guidance, where relevant, has been used to inform
scheme assessments:

e Cumbria County Council Development Design Guide (Cumbria
County Council, 2017)°

e Durham County Council Sustainable Drainage System Adoption
Guide 2016 (Durham County Council, 2016)"!

¢ North Yorkshire County Council SuDS Design Guidance (North
Yorkshire County Council, 2018)'2

e Construction Industry Research and Information Association
(CIRIA) The SuDS Manual (C753) (Construction Industry Research
and Information Association, 2015)'3

e DMRB guidance outlined in Section 14.2.1: Introduction.

Consultation

14.2.1.22  There are several key local stakeholders and/or approving authorities
associated with the development of the Project, including the
Environment Agency, LLFAs (Cumbria County Council, North
Yorkshire County Council and Durham County Council) and Natural
England.

14.2.1.23  Consultation with these stakeholders is recorded in the respective
Statement of Common Ground. A summary of the stakeholder
consultations undertaken is presented in the following sections.

Environment Agency

14.2.1.24 Multiple meetings with the Environment Agency have taken place
since February 2021. Feedback includes the following points:

e Environment Agency stated that the proposed FRA to be submitted
with the application should also provide the evidence for the
Secretary of State to apply the Sequential Test and Exception
Test, as appropriate.

o Based on recent events it is likely that Kirkby Thore can be at risk
of flooding from the River Eden and Trout Beck either
independently or in combination.

0 Cumbria County Council (2017) Cumbria Development Design Guide.
" Durham County Council (2016) Sustainable Drainage System Adoption Guide 2016.

12 North Yorkshire County Council (2018) SuDS Design Guidance. Revision 4.

13 Construction Industry Research and Information Association (2015) The SuDS Manual
(C753)
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e The EA’s Climate Change Allowances for rainfall are expected to
change in Cumbria following the preliminary design development,
but prior to DCO submission. It has been agreed with the EA that
the guidance will be considered post-submission by way of a
sensitivity test that will report the implications of the new guidance
on the assessments undertaken to date, this is to minimise delays
to DCO submission. The results of the sensitivity tests are included
in this FRA for the schemes located in Cumbria.

e Warcop is at risk of flooding from both Lowgill Beck and Crooks
Beck / Moor Beck. The Environment Agency modelling report and
S19 report produced by the Environment Agency and Cumbria
County Council (Environment Agency and Cumbria County
Council, 2016)' following Storm Desmond refer to an extensive
flood history.

¢ |tis recommended that dedicated sediment traps and settlement
attenuation ponds should be designed into the scheme, and where
these are unlikely to be effective, treatment systems such as
lamella tanks and chemical dosing should be costed into the
scheme.

e Based on the proposed location of the sustainable drainage
system (SuDS) attenuation pond to the east of Carleton Hall and to
the north of the River Eamont, we would advise that further
consideration be given to possible river erosion issues as the use
of any revetment to protect the asset in the future would be
undesirable in the Special Area of Conservation (SAC) river.

e Further geomorphological and / or geotechnical assessment is
required to confirm that the location of the SuDS attenuation ponds
will not pose a risk to the River Eden SAC.

Natural England

14.2.1.25  Multiple meetings with Natural England have taken place since
February 2021. Feedback includes the following points:

¢ Natural England requested that A66 improvements should be
designed to ensure that no watercourses are lost

o At Kempley Bank the construction site is in the floodplain, as is the
settlement attenuation pond. Consideration needs to be given to
creating these above the floodplain.

e Natural England requested the crossing of Trout Beck should
ensure the proposals by Eden Rivers Trust for the Sleastonhow
River Restoration can be accommodated.

Cumbria County Council LLFA

14.2.1.26  Multiple meetings with Cumbria County Council (CCC) have taken
place since October 2020. Feedback includes the following points:

4 Environment Agency & Cumbria County Council (2016) Flood Incident Investigation
Report: Warcop, Flood Event 5th December 2015 (Draft).
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e CCC have requested National Highways to seek opportunities for
partnership working at Warcop to manage local drainage/flooding
issues.

e CCC would prefer to see combined Local Authority and National
Highways attenuation ponds in the majority of cases which would
be a departure from National Highways standard.

e CCC confirmed QBAR" run off rates to be used in greenfield
areas.

Durham County Council LLFA

14.2.1.27  Multiple meetings with Durham County Council (DCC) have taken
place since September 2020. Feedback includes the following points:

e DCC confirmed mean annual flood discharge (QBAR) run off rates
to be used in greenfield areas. 50mm/hr rainfall intensity rates to
be used for brownfield areas.

e DCC requested erosion mitigation is considered where high
discharge rates are present.

North Yorkshire County Council LLFA

14.2.1.28  Multiple meetings with North Yorkshire County Council (NYCC) have
taken place since February 2021. Feedback from discussions within
meetings includes the following points:

e Concern about the scale and frequency of drainage detention
attenuation ponds with the Stephen Bank to Carkin Moor scheme.
There is a request to reduce the scale and frequency of these
elements of the scheme and for sensitive design to protect local
character and setting.

e The Layton attenuation ponds are 400m south of mainline AG6.
Request to combine them into one attenuation pond and move
them closer to the mainline.

e Concerns about existing highway flooding on the section of A66 to
be de-trunked, when responsibility for this may pass to North
Yorkshire County Council.

Data sources

14.2.1.29  The following data sources have been used to inform the scheme
assessments:

e Environment Agency Flood Map

e Environment Agency guidance (Environment Agency, 2021a)®

¢ Scheme specific baseline flood modelling of relevant Main Rivers,
ordinary watercourses and culverts (detailed following scheme
sections)

e Topographical surveys

> QBAR, or the mean annual flood, is the value of the average annual flood event
recorded in a river.
6 Environment Agency (2021a) Flood risk assessments: climate change allowances.
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e LLFA Consultation

e Highways Agency Drainage Data Management System (HADDMS)
(Highways England, 2021d)'”

14.2.1.30  Groundwater context is provided in Appendix 14.6 Hydrogeological
Impact Assessment.

14.2.1.31 Baseline flood risk from rivers and sea using Environment Agency
data is shown on ES Figure 14.2: Existing Flood Risk (Application
Document 3.3).

14.2.1.32  Flood risk during the operational phase of the Project, based on
fluvial modelling for the Project and Environment Agency data is
shown on ES Figure 14.7: Operational Flood Risk (Application
Document 3.3).

14.2.1.33  Details of modelling are further described in Annex D: Hydraulic
Modelling Report.

Surveys

14.2.1.34  Watercourse and culverts surveys were undertaken to inform the
baseline watercourse and culvert hydraulic modelling. Details on
modelling are further described in Annex E: Hydraulic modelling
reports.

14.2.1.35  Site visits were undertaken in September 2021, where the scheme
design teams met with local landowners to discuss existing drainage
and flooding issues.

General Introduction

14.2.1.36  This document provides an outline of the drainage strategy developed
for the Project. A mix of both new and existing outfalls are proposed
within the design and no infiltration to ground has been considered in
the proposals to date. The drainage design has been developed to
ensure the quality of surface water, as demonstrated in Appendix
14.3 Water Quality Assessment (Application Document 3.4), to
mitigate the impact from accidental spillages from the highway, as
demonstrated in Appendix 14.5 Spillage Risk Assessment
(Application Document 3.4) and to mitigate any potential impacts as a
result of increased impermeable area upon flood risk outside of the
Order Limits. Specific details for each scheme are considered in the
relevant sections.

14.2.2 M6 Junction 40 to Kemplay Bank

Introduction

14.2.2.1 This section of the document details the proposed design for this
scheme, the M6 Junction 40 and the carriageway to Kemplay Bank
respectively. The M6 Junction 40 to Kemplay Bank scheme is located

7 Highways England (2021d) Highways Agency Drainage Data Management System
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at the most westerly point of the Project. The scheme is situated
adjacent to the urban fringes of Penrith and runs from Junction 40 of
the M6 to Kemplay Bank Roundabout. The location of the scheme is
shown on ES Figure 14.1: Surface Water Features (Application
Document 3.3).

14.2.2.2 The drainage for this scheme has been designed in accordance with
the Standards for Highways Design Manual for Roads and Bridges
and in accordance with relevant Local Authority design standards as
detailed in Section 14.2.1: Introduction.

Baseline conditions
Surface watercourses

14.2.2.3 Watercourses within the study area drain into the River Eamont via a
number of tributaries.

14.2.2.4 Most of the watercourses in the study area drain from agricultural
lands north and west of Penrith and flow through urban landscapes
with modification such as culverts in place. Exceptions are the River
Eamont, that drains from Ullswater situated south-west of the study
area, and the River Lowther which drains from the south-west of
Shap.

14.2.2.5 The watercourses designated as Main Rivers by the Environment
Agency within the study area include the River Lowther and River
Eamont. Table 1: Watercourses within M6 Junction 40 to Kemplay
Bank study area gives a brief description of the watercourses within
the study area (from west to east) and they are displayed on ES
Figure 14.1: Surface Water Features (Application Document 3.3).

Table 1: Watercourses within M6 Junction 40 to Kemplay Bank study area

Carlsike Beck Flows south into the River Eamont, crossed by the existing A66/A592
roundabout, in the west of the study area.

Myers Beck Flows east into Dog Beck, crossed by the existing M6, and then
culverted under the railway and housing within Penrith, in the north-
west of the study area.

Dog Beck Flows east into Thacka Beck, culverted through Penrith beneath
Victoria Road, in the north of the study area.

Thacka Beck Flows south into the River Eamont, through Penrith and is crossed by
the existing A66 and then culverted beneath Carlton Hall, in the centre
of the study area

Unnamed Tributary of | Flows east into the River Eamont, straightened channel through
River Eamont 3.2 Frenchfield sports centre, in the east of the study area

River Eamont Flows east, crossed by the existing M6, and flows parallel, to the south
of the existing A66. Joins the River Lowther to the east of the study
area, then joins the River Eden approximately 7km further downstream.
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River Lowther Flows east, located parallel, to the south of the River Eamont. Joins the
River Eamont at Brougham Castle 250m upstream of the existing A66
crossing.

Topography
14.2.2.6 Levels generally fall north to south along the proposed route, towards

the River Eamont. Carriageway drainage catchments are determined
by undulating topography across the whole scheme. See ES Figure
14.2: Existing Flood Risk (Application Document 3.3) for contours.

Geology and soils

14.2.2.7 A complete description of the geological and soils context is provided
in ES Chapter 9: Geology and Soils (Application Document 3.2) and
ES Appendix 14.6: Hydrogeological Impact Assessment (Application
Document 3.4).

Existing drainage
Background

14.2.2.8 The existing drainage network has been assessed using information
from HADDMS, existing drainage drawings and site surveys. Whilst
site visits have been undertaken to clarify existing drainage where
possible, no intrusive drainage surveys have been undertaken at this
stage of design. Where the proposed drainage interfaces with the
existing, CCTV surveys shall be undertaken prior to commencement
of detailed design. Due to the limited information available, the
existing catchments have been assessed using the Wallingford
Surface Water Storage Volume Estimation Tool to determine QBAR.
The maximum discharge from the outfalls in the proposed drainage
design has been limited to QBAR.

Description of existing drainage

14.2.2.9 Existing drainage comprises a mixture of gullies, combine kerb
drains, filter drains, and over the edge drainage, either onto adjacent
land or into roadside ditches.

14.2.210 Positive drainage systems outfall into local watercourses at strategic
locations.

14.2.2.11 Highway drainage on the western side of M6 Junction 40 drains to an
outfall discharging to the River Eamont south of Skirsgill Business
Park.

14.2.212  To the east of M6 Junction 40 to Kemplay Bank Roundabout, the
highway drainage collects flow from the A592, from the Haweswater
roundabout to the junction of the A66, and the A66 between M6
Junction 40 and the Kemplay Bank Roundabout. This drainage
outfalls to the River Eamont to the south of Skirsgill Lane. The
Kemplay Bank Roundabout and the carriageway to the Carlton
Avenue underpass drains to Thacka Beck. The carriageway to the
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east of the Carlton Avenue underpass drains to an outfall to the River
Eamont.

Assessment of catchment areas and existing runoff rates

14.2.213  The following information has been considered in the assessment of
catchment areas and to calculate existing runoff rates:

e Catchment areas associated with the works have developed using
both existing and proposed drainage catchments

e Existing catchment areas considered in this section therefore relate
to areas beneath the proposed alignment.

e Existing catchments beneath the proposed alignment have been
used to calculate restricted flow rates that will be applied to new
outfalls from the proposed drainage system.

e The proposed vertical alignment has been considered, and new
outfall locations determined.

e Existing topography has also been considered to ensure that only
area beneath the proposed alignment that currently drains towards
a proposed outfall location is included in the restricted flow rate
calculations.

14.2.2.14  This approach ensures that flows to individual watercourses are not
increased over the baseline conditions.

14.2.2.15 A summary of the existing catchments include (see Annex C):

e Catchment S01-01 relates to the drainage from the west of the
roundabout, which discharges to the River Eamont south of
Skirsgill Business Park.

e Catchment S02-01 relates to the drainage from the southern
section of the A592 and the A66 west of Kemplay Bank
Roundabout, the Kemplay underpass and carriageway to the
Carlton Avenue underpass.

e Catchment S02-02 relates to the carriageway discharge to the east
of the Carlton Avenue underpass which drains to an outfall to the
River Eamont.

14.2.216  The “Greenfield runoff rate estimation” tool developed by HR
Wallingford (HR Wallingford, 2022a)'® has been used to assess
existing “greenfield” runoff rates. The QBAR greenfield runoff rate of
5.27 I/s/ha has been allowed for runoff from greenfield/undeveloped
areas.

14.2.2.17  Brownfield run-off rates were calculated in line with the
recommendations of CIRIA's The SuDS Manual (C753). These are
specifically equated to existing hardstanding areas such as footways,
carriageways, traffic islands and central reservations. The QBAR
brownfield runoff rate has been estimated using a Standard
Percentage Runoff (SPR) of 0.53 for runoff from
brownfield/developed areas.

8 HR Wallingford (2022) Greenfield runoff rate estimation.
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14.2.2.18  Table 2: M6 Junction 40 to Kemplay Bank existing drainage
catchments summary shows existing catchments that drain to each of
the proposed outfalls.

Table 2: M6 Junction 40 to Kemplay Bank existing drainage catchments summary

S01-01 0.292 0.051 2.04 0.46 2.50
S02-01 2.713 3.550 18.49 31.41 49.90
S02-02 0.025 1.145 0.16 9.35 9.51

Hydraulic modelling of existing highway surface water drainage
networks

14.2.2.19  The extent of existing drainage networks has been assessed using
topographic surveys, site surveys and HADDMS data.

14.2.2.20  No hydraulic modelling of the existing drainage networks has been
undertaken due to the limitations of available information.

Proposed drainage
Collection system design

14.2.2.21 A number of surface water collections systems will be utilised.
National Highways A66 Collection System

e Primary surface water collection system will be road edge concrete
surface water channels.

e Laybys and refuge areas will be drained using either concrete
surface water channels or gullies.

e Bridge Deck Drainage units will be used to drain surface water on
bridge sections.

¢ Filter drains will be used where required, including highway verges
where the verge is contained by earthworks and
cuttings/embankments.

¢ Open ditches and/or filter drains will be used to intercept and
convey overland flow from areas outside of the highway corridor.

Local Authority Roads Collection System

e Primary surface water collection system will be gullies.

¢ Filter drains will be used where required, including highway verges
where the verge is contained by earthworks and
cuttings/embankments.

e Open ditches and/or filter drains will be used to intercept and
convey overland flow from areas outside of the highway corridor.

14.2.2.22 For the National Highways route, the primary drainage collection
system will consist of concrete surface water channels. For the
scheme, surface water channels will be placed on the road edge
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adjacent to the hard strip and will drain surface water from the A66
carriageway, verges, embankments, and the central reserve.

14.2.2.23  The design of the surface water channels is in accordance with
DMRB CD 521. The proposed vertical and horizontal highways
alignment has been assessed using the process outlined in Section 4
Design Process of DMRB CD 521.

14.2.2.24  The position of surface water channels in relation to the pavement
edge shall follow the guidance provided in DMRB CD 524.

14.2.2.25  Where gullies are used, gully spacing will be determined as part of
detailed design in accordance with DMRB CD 526.

14.2.2.26  Combined kerb and drainage systems will be designed in accordance
with DMRB CG 501.

14.2.2.27 A simple assessment of the minimum required discharge capacity of
the combined kerb and drainage systems is based on the Rational
Method Equation Q = 2.78 CiA, where:

'‘Q' is the design peak rate of runoff (I/s)

'C' is a non-dimensional runoff coefficient (taken as 1.0)

I is the design rainfall intensity (mm/hr)

'‘A' is the total catchment area (ha)

Note: 2.78 is a conversion factor to address the rainfall units being
in mm/hr

Pollution controls

14.2.2.28 In accordance with DMRB CG 501, the selection of pollution control
measures has been determined by the following process:

e Complete assessment in accordance with DMRB LA 113

¢ If mitigation is required, identify viable options/combinations of
measures, taking account of:

Road drainage hierarchy

Site constraints

Storm flow and flood risk requirements

Climate change allowances
o Road geometry

¢ Review short list of options against construction and maintenance
requirements

e Confirming the measures fulfil water quality.

©)
@)
©)
@)

14.2.2.29  The pollution control measures vary for each proposed outfall, and
include a combination of the following measures:

e Wet attenuation ponds with sediment forebays

e Vortex grit separators
e V\egetated ditches

14.2.2.30 Highways England Water Risk Assessment Tool (HEWRAT)
Assessments have been undertaken to ensure sufficient mitigation
measures have been incorporated at each outfall. Details of the
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HEWRAT assessment are provided in ES Appendix 14.3: Water
Quality Assessment (Application Document 3.4).

14.2.2.31 Table 3: M6 Junction 40 to Kemplay Road pollution control mitigation
measures outlines the pollution control mitigation measures included
at each proposed outfall.

Table 3: M6 Junction 40 to Kemplay Road pollution control mitigation measures

S01-01 Y N Y
S02-01 Y N Y
S02-02 Y N Y

Climate change

14.2.2.32 In accordance with DMRB CG 501, a 20% increase to peak rainfall
intensity shall be considered the minimum accommodated within the
drainage design in order to account for potential climate change.

14.2.2.33  Environment Agency guidance® for allowances that should be made
for climate change has been followed. Climate change allowances
relating to increased peak rainfall intensity are outlined in Table 4:
Peak rainfall intensity allowance in small and urban catchments - M6
Junction 40 to Kemplay Bank.

Table 4: Peak rainfall intensity allowance in small and urban catchments - M6 Junction 40 to Kemplay Bank

Upper end 10% 20% 40%
Central 5% 10% 20%

14.2.2.34  The guidance states that both the central and upper end allowances
should be assessed to understand the range of impact.

14.2.2.35  Environment Agency have advised that there is a proposed increase
in allowances for climate change within the Cumbria region.
Accordingly, a 50% climate change allowance has been included as a
sensitivity check.

Surface water storage

14.2.2.36  The proposals lead to an increase in impermeable area draining to
local watercourses.

14.2.2.37  In accordance with DMRB CG 501, the proposed drainage design will
ensure that there is no increase in runoff rates as a result of the
proposals. To achieve this, existing runoff rates have been assessed
(Section 0), and flow control devices incorporated into the drainage

% Environment Agency (2021a). Flood risk assessments: climate change allowances. s
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systems. Storage for surplus flows has been provided using
attenuation ponds.

14.2.2.38  The proposed drainage design makes an allowance for potential
climate change. A 40% increase to rainfall intensity has been
included when considering surface water storage, and attenuation
ponds designed to ensure no flooding occurs during the critical 1 in
100-year storm.

Hydraulic modelling of proposed highway surface water drainage
networks

14.2.2.39  The proposed main carrier drainage network and surface water
storage has been modelled using MicroDrainage software.

14.2.2.40  Flood Studies Report (FSR) rainfall data has been used, with global
variables (M560, r) to suit the site location.

14.2.2.41 The equivalent impermeable area draining to proposed networks has
been obtained by applying the following factors to the measured
contributing areas: -

e Paved surfaces - 1.00

¢ Verges contained by embankments/cutting slopes - 0.5
e Embankments/Cutting Slopes - 0.25

e Attenuation pond surfaces - 1.00.

14.2.2.42 Networks have been established to suit proposed vertical alignments
and potential outfall locations.

14.2.2.43  HydroBrake flow controls have been incorporated downstream of
attenuation ponds, with flow rates restricted to those detailed in Table
2: M6 Junction 40 to Kemplay Bank existing drainage catchments
summary.

14.2.2.44  Table 5: M6 Junction 40 to Kemplay Road proposed catchments table
below, is a summary of proposed total catchment area size,
percentage of impermeable area within each catchment and the
volume of attenuation required to achieve the peak permitted
discharge rate calculated for the corresponding existing catchment
(see above). This is to ensure the proposed discharge rates are no
greater than existing.

14.2.2.45
Table 5: M6 Junction 40 to Kemplay Road proposed catchments

S01-01 0 0.051 0.292 210 2.50
S02-01 1.060 0.297 6.263 4744 49.90
S02-02 0.111 0.208 1.170 955 9.51
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a - Volume provided in design from normal water level to 300mm below road level, as per guidance provided in
The SuDS Manual (CIRIA C753).

b - 1 in 100-year storm plus 40% climate change
Exceedance flood routing

14.2.2.46  All drainage attenuation ponds are designed for a 1 in 100-year storm
with a 40% climate change allowance (Upper end). All drainage
attenuation ponds in this scheme are located on the downstream side
of the scheme so that any exceedance flow from the drainage
attenuation ponds will be to the downstream watercourse away from
the carriageway and any residential properties.

Existing watercourses

14.2.2.47 In accordance with DMRB CG 501 and DMRB LA 113 the proposed
highways and drainage design where possible limit impact on
Environment Agency Main Rivers and ordinary watercourses. Where
a watercourse has been disrupted by the proposed highways
alignment a proposed culvert has been sized appropriately to allow
the flow from the watercourse to be uninterrupted.

14.2.2.48  During detailed design the following will be required:

¢ All new culverts will be designed in accordance with DMRB CD
529 details and in consultation with relevant stakeholders (e.g.
LLFA or EA).

e All culverts with a diameter of 900mm and above will require
structural design.

¢ [tis the design intention to maintain existing outfalls on existing
watercourses and to not increase the discharge rate of these
outfalls.

¢ Where new outfalls are required the individual outfall details will be
designed in accordance with DMRB CD 529 and in consultation
with relevant stakeholders (e.g. LLFA or EA).

Land drainage and overland flow

14.2.2.49  Where land outside of the highway corridor falls towards the highway,
cut-off drainage has been provided as part of the design. Cut-off
drainage will intercept and convey overland flow around the highway
corridor, so that this flow does not enter the highway drainage system
or cause flooding issues on the proposed highway.

14.2.2.50  Cut-off drainage comprises open ditches and/or filter drains, with
culverts provided to cross the highway corridor where necessary.

14.2.2.51 Cut-off drainage will intercept and convey overland flow around the
highway corridor, so that this flow does not enter the highway
drainage system or cause flooding issues on the proposed highway.
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Flood Risk Assessment
Data collection

14.2.2.52  The risk of flooding to the development has been assessed on readily
available information, published on the Environment Agency website.

14.2.2.53 In addition to readily available information, JBA has undertaken
baseline hydraulic modelling of existing watercourse/culvert
crossings. This modelling establishes flooding in the vicinity of the
existing AG6.

Flood risk vulnerability classification

14.2.2.54  Guidance for flood risk vulnerability for new development sites is set
out in the Government planning portal for flood risk and coastal
change. Table 6: Flood risk vulnerability classification is used as a
guide to help determine if new development sites should or should
not be permitted, based upon the vulnerability classifications set out
on the planning portal.

14.2.2.55 In accordance with DMRB LA 113, NI/1.7, the development is
classified as “Essential Infrastructure”. The development is therefore
permitted providing it is located within Flood Zones 1 or 2, with the
exception test required if located in Flood Zones 3a or 3b.

Table 6: Flood risk vulnerability classification

Zone 1 Y Y Y Y Y
Zone 2 Y Exception Test | Y Y Y
required
Zone 3a Exception Test N Exception Y Y
required Test required
Zone 3b Exception Test N N N Y
required

Y = Development is appropriate

N = Development should not be permitted
Sequential Test

14.2.2.56  As part of a Flood Risk Assessment a Sequential Test is required
when the proposed development is located within Flood Zone 2 or 3.
The Sequential Test compares the proposed site with other available
sites to find out which has the lowest flood risk.

14.2.2.57  The design team considered alternative alignments which would still
meet the project requirements.

14.2.2.58 A full extensive write up of this review can be seen in Project
Development Overview Report (Application Document 4.1).
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14.2.2.59  This review identifies the proposed route is the most favourable with
the least environmental impacts, impacts on landowners, buildability
and design safety, whilst maintaining project design principles.

14.2.2.60 In respect of the Sequential Test for this scheme, the majority of the
development is in Flood Zone 1 and at low risk of fluvial flooding, with
the exception of drainage attenuation pond S02-02 which is located in
Flood Zone 2 and at medium risk of fluvial flooding. However, flood
risk must be considered from all potential sources. The scheme is
shown to be at low risk of surface water and groundwater flooding.
However, in the scenario when there is flooding from rivers, the
mapping indicates that the scheme to the east of the Carleton
Underpass is within the maximum extent of flooding from reservoirs.

Exception Test

14.2.2.61 The proposed scheme is located within Flood Zone 1 and Flood Zone
2. In accordance with Table 2 of the Flood Risk and Coastal Change
guidance, the proposed alignment has been assessed as being
Essential Infrastructure and is appropriate for these flood zones.
However, as the proposed alignment to the east of the Carleton
Underpass is identified as being within the maximum extent of
flooding from reservoirs, an exception test is required.

14.2.2.62 The 2 parts to the Test require the proposed development to show
that it will provide wider sustainability benefits to the community that
outweigh flood risk, and that it will be safe for its lifetime, without
increasing flood risk elsewhere and where possible reduce flood risk
overall.

14.2.2.63  To answer the first part of the assessment, refer to Case for the
Project (Application Document 2.2) which highlights the Social,
Environmental and Economic benefits for the proposed Nationally
Significant Infrastructure Project. Including:

o safety — a consistent standard of dual carriageway, to reduce the
number of accidents. Use of the ‘old’ A66 as part of the local road
network will provide better, safer routes for cyclists and
pedestrians.

e connectivity — improving connectivity for people living and working
nearby and creating better facilities for cyclists and pedestrians.
Reducing congestion and improving the reliability of people’s
journeys between the M6 at Penrith and the A1(M) Scotch Corner
and nationwide. It also improves connectivity between the key
employment areas of Cumbria, Tees Valley and Tyne and Wear.

e environmental — minimising noise levels for people living and
working near the route and reducing the congestion currently
occurring in the single carriageway sections. The scheme is also
being designed to minimise any potential negative impacts on the
natural environment and landscapes of the North Pennines and
Lake District.

e economic — improving strategic regional and national connectivity,
particularly for hauliers. Heavy goods vehicles account for a
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quarter of all traffic on the road and any delays to journeys can
have an extremely negative effect on business and commerce,
including lost working time and missed shipment slots.

e tourism — improving access to key tourist destinations such as the
North Pennines and Lake District.

e community — re-connecting communities and providing better links
between settlements along the route as well as improving access
to services such as healthcare, employment areas and education.

e capacity — reducing delays and queues during busy periods and
improving the performance of key junctions such as the A66/A6
and the M6 junction 40.

¢ increasing reliability — an improved A66, will lead to less accidents
which, in turn, makes the road more reliable. Also, having a dual
carriageway provides the option to close lanes where required due
to accidents or break downs and keep traffic moving

14.2.2.64  To answer the second part of the Exception test, refer to section
Flood Risk Mitigation below which outlines how the scheme proposes
to mitigate flooding of the carriageway and downstream of the
scheme.

14.2.2.65 The proposed design will be constructed to remain operational and
safe in times of flooding from fluvial, surface water and groundwater
sources.

14.2.2.66 In respect of the risk associated with flooding from reservoirs, refer to
the Flooding from reservoirs section below which details how the
management of large raised reservoirs is governed by the Reservoirs
Act 1975.

14.2.2.67  The proposed design does not impede existing water flows as cut of
ditches intercept overland flows and conveys water in a controlled
manor to its existing receiving watercourse.

14.2.2.68 As demonstrated in Case for the Project (Application Document 2.2),
the A66 constitutes nationally significant Essential Infrastructure. The
improvements proposed for the A66 will provide wider sustainability
benefits to the community that outweigh the flood risk posed by the
exceptional circumstances which would result in a reservoir breach
scenario. The Exception Test would therefore be satisfied by the
proposed A66 improvements for M6 junction 40 to Kemplay Bank.

Flooding from rivers or the sea

14.2.2.69  For planning purposes, the Environment Agency has defined flood
zones for the UK. The flood zones do not consider sources of
flooding other than fluvial (flooding from rivers and seas), and do not
take account of climate change. The zones are defined as follows,
and are presented on ES Figure 14.2: Existing Flood
Risk (Application Document 3.3):

e Flood Zone 1: land having less than 0.1% annual probability of
river or sea flooding
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e Flood Zone 2: land having between 0.1% and 1% annual
probability of flooding from rivers or between 0.1% and 0.5%
annual probability of flooding from the sea

e Flood Zone 3a: greater than 1% annual probability of flooding from
rivers or greater than 0.5% annual probability of flooding from the
sea

e Flood Zone 3b: land where water has to flow or be stored in times
of flood known as the functional floodplain

14.2.2.70  In addition, the Environment Agency has defined the following risk
categories for fluvial flooding:

¢ High risk means the annual probability of flooding is greater than
3.3%

¢ Medium risk means the annual probability of flooding is between
1% and 3.3%

e Low risk means the annual probability of flooding is between 0.1%
and 1%

¢ Very low risk means the annual probability of flooding is less than
0.1%

14.2.2.71 Baseline flood risk from rivers and sea using Environment Agency
and the JBA baseline hydraulic modelling of existing
watercourse/culvert crossings, overlaid onto the proposed scheme
route alignment is shown on ES Figure 14.2: Existing Flood Risk
(Application Document 3.3).

14.2.2.72  The EA has produced flood maps indicate the risk of flooding from
rivers and the sea. However, as the nearest coastline is c.45km away
and the low point of the M6 junction 40 to Kemplay Bank scheme is
above 119mAQD, the scheme is not at risk of coastal flooding

14.2.2.73  The existing A66 within the study area does not have a flood risk

greater than Fluvial Flood Zone 1. Environment Agency mapping

shows areas within Fluvial Flood Zone 2 and 3 which are associated

with:

e Dog Beck and Myers Beck to the north-west of the study area,
within the Penrith Industrial Estate

e Thacka Beck to the north-east of the study area.

e Unnamed Tributary of River Eamont 3.2 within the Frenchfield
sports fields in the east of the study area

e The River Eamont in the south of the study area from Red Hills to
Eamont Bridge.

14.2.2.74 Baseline fluvial modelling undertaken for the scheme has highlighted
an increased flood risk extent at Eamont Bridge for the 1 in 100-year
fluvial event with a 94% climate change allowance and a slightly
reduced extent associated with Dog Beck when compared to the
Environment Agency Flood Map for Planning. This area is south of
the proposed dual carriageway and does require further modelling or
mitigation.
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Surface water flooding

14.2.2.75  The Environment Agency has defined the following risk categories for
surface water flooding, these are presented on ES Figure
14.2: Existing Flood Risk (Application Document 3.3) where present:

¢ High risk means the annual probability of flooding is greater than
3.3%

¢ Medium risk means the annual probability of flooding is between
1% and 3.3%

e Low risk means the annual probability of flooding is between 0.1%
and 1%

e Very low risk means the annual probability of flooding is less than
0.1%.

14.2.2.76  The surface water flood map indicates that much of the scheme is at
very low risk from surface water flooding, with some low to high-risk
areas located to the north of the existing A66 between M6 Junction
40 and Kemplay Bank Roundabout.

14.2.2.77  There are areas of ‘High’ surface water flood risk associated with Dog
Beck, Myers Beck and Thacka Beck within Penrith, in the north-east
of the study area located within industrial estates, along residential
roads, the A6 road through the town centre, the existing A66,
adjacent parkland to Thacka Beck and a small area of the A686.

14.2.2.78 In the north of the study area, adjacent to the existing A6G6,
Wetheriggs Country Park has areas of ‘High’ surface water flood risk
and this also impacts on Clifford Road. Parkland in the east of the
study area. Frenchfield has areas of ‘High’ flood risk that continue
north towards the existing A686 and Charleton residential areas.

14.2.2.79  Small sections of ‘High’ surface water flood risk are displayed
adjacent to the River Eamont at Skirsgill and Eamont Park. This is
likely to be a result of localised depressions in the topography and
may be influenced by the watercourse. Areas of ‘High’ surface water
flood risk within the Brougham area in the south of the study area
impact agricultural and recreational land uses.

14.2.2.80  Cut-off drainage has been provided where land outside of the
highway corridor falls towards the highway. The cut-off drainage will
intercept and convey surface water flows around the highway.

Historic flooding

14.2.2.81 Environment Agency data show historic flooding events associated
with Thacka Beck within Penrith in 2002 and 2005. Historic flooding
associated with the River Eamont has also occurred south of the
existing A66 around the area of Skirsgill in 1995, 1997, 2005 and
2015. A further area of flooding occurred in 2005 associated with the
River Eamont and River Lowther in the east of the study area, around
Brougham.
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14.2.2.82

14.2.2.83

14.2.2.84

14.2.2.85

1.1.

14.2.2.86

14.2.2.87

14.2.2.88

14.2.2.89

14.2.2.90

Existing highway drainage flooding

HADDMS identifies a number of locations along the existing A66 for
this scheme that are, or have previously been subiject to flooding.

There are four closed/historic events and there are no open events
recorded.

The closed/historic events relate to blockages of kerb drains and
gullies.

Groundwater flooding

The scheme is susceptible to groundwater flooding in accordance
with the Groundwater Flooding Susceptibility map in Environmental
Statement Figure 14.8. A complete description of the groundwater
context is provided in the Environmental Statement Appendix 14.6
Hydrogeological Impact Assessment.

Where the scheme is at or above existing ground level the risk of
groundwater flooding is considered to be low because the proposed
drainage systems will reduce the ground water levels in the vicinity
of the scheme to below the formation level of the road.

There are a number of areas across the scheme where the route is in
cutting. A sub surface filter drainage system will be provided to these
areas, or the area will be lined, should high groundwater be assessed
as a risk during detailed design.

Flooding from reservoirs

The Environment Agency Flood Map indicates that the M6 Junction
40 to Kemplay Bank scheme is outside of the maximum extent of
flooding from reservoirs when river levels are normal, with the
exception of drainage attenuation pond S02-02. However, when there
is also flooding from rivers the mapping indicates that the areas of the
scheme to the east of Carleton Underpass are within the maximum
extent of flooding from reservoirs.

The management of large, raised reservoirs (capable of holding
10,000m? of water above natural ground level) is governed by the
Reservoirs Act 1975. The Reservoirs Act identifies that the reservoir
undertaker is responsible for ensuring the structural integrity of the
reservoir and needs to ensure that panel engineers are appointed to
complete the necessary monitoring and inspection of the reservoir.
Where necessary the panel engineer will undertake the
design/supervision of repair works to existing reservoirs.

Although the consequence of a reservoir failure is potentially very
significant, the controls and management procedures of the
Reservoirs Act 1975, enforced by the Environment Agency, mean
that the probability of a catastrophic breach is highly unlikely.

Annually there are a number of incidents which require the
emergency drawdown of reservoirs to enable further inspection or
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remedial works to be undertaken. However, since the introduction of
reservoir legislation in the 1920’s there has been no loss of life as a
result of reservoir failure in the UK.

14.2.2.91 Reservoir flood mapping allows a better understanding of potential
areas at risk in supporting emergency planning. National Highways
work with Environment Agency, Cumbria County Council, Cumbria
Constabulary and other statutory bodies to develop and implement
local emergency plans for all eventualities.

Flooding from other Atrtificial waterbodies

14.2.2.92  The scheme is not at risk of flooding from other artificial waterbodies.
This has been assessed based on the scale of the other artificial
waterbodies in relation to the local topography and carriageway
elevation.

Coastal flooding

14.2.2.93  The Environment Agency Flood Map indicates that the scheme is
outside of the maximum extent of flooding from coastal flooding.

Flooding from sewers

14.2.2.94  There are no reports of flooding from existing public sewers. United
Utilities shall be consulted throughout the detailed design process to
ensure that any risk identified is managed appropriately.

Flood risk mitigation

14.2.2.95  The detailed design of the proposed highway drainage will be in
accordance with current design standards (Design Manual for Roads
and Bridges (DMRB) and Manual of Contract Documents for Highway
Works (MCHW). By following these design standards, the design of
the scheme will have low risk of surface water flooding and low risk
from fluvial flooding.

14.2.2.96  Flood risk from groundwater will be mitigated though cut-off drains at
all highway earthwork cuttings and embankments.

14.2.2.97 In addition to the above, proposed methods of flood mitigation are
outlined in the following sections.

Attenuation

14.2.2.98  The detailed design of the proposed highway drainage will be in
accordance with current design standards specifically the Design
Manual for Roads and Bridges (DMRB) and the Manual of Contract
Documents for Highway Works (MCHW). By following these design
standards, the design of the A66 NTP S0102 M6 junction 40 to
Kemplay Bank will have low risk of surface water flooding and low risk
from fluvial flooding.

14.2.2.99  The design of the A66 NTP S0102 M6 junction 40 to Kemplay Bank
leads to a substantial increase the impermeable area.
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14.2.2.100 In Accordance with CG 501, the proposed drainage design will
ensure that there is no increase in discharge rates at each outfall. To
achieve this, any increase in impermeable area as a result of the
proposed alignment will need to be attenuated prior to the outfall, with
sufficient storage for a 1 in 100-year event.

14.2.2.101 The Proposed attenuation will also make an allowance for 20%
climate change for the total area served the drainage networks.
Consideration has also been given to the effects of applying 40%
climate change to the hydraulic models. The proposed attenuation
volumes have considered the amount of flooding. The proposed
attenuation will ensure that the flooded volume is less than existing.

14.2.2.102 Proposed drainage and highway design will ensure safe usage of
proposed A66 route and side roads.

Flow Paths

14.2.2.103 Drainage flow paths during storm events have been considered as
part of the design process. The road alignment and drainage
collection systems expediate the flow of water from trafficked and
hard standing areas to minimise the risk of standing water on the
carriageway.

14.2.2.104 For higher rainfall return periods and in the event of drainage
blockages, exceedance flow paths shall direct flood water
downstream to watercourses.

Conclusion
Summary

14.2.2.105 The proposed works for the scheme involve improvements to the
motorway roundabout, widening the existing dual carriageway
between M6 Junction 40 and Kemplay Bank and the construction of a
new dual-carriageway underpass below the existing Kemplay Bank
Roundabout.

14.2.2.106 The scheme results in an increase in impermeable area being
discharged to local watercourses.

14.2.2.107 Existing flow rates have been calculated, and proposed flow rates
restricted to ensure that there is no increased flood risk as a result of
the scheme.

14.2.2.108 Water quality mitigation measures have been incorporated in the
proposals.

14.2.2.109 Surface water run-off will be attenuated within the proposed highway
drainage system to mitigate off-site flooding. To mitigate the risk of
surface water flooding on the proposed highway sustainable drainage
techniques shall be further developed during detailed design.

14.2.2.110 Additional storage is provided within the new drainage system to
allow for the anticipated increase in rainfall intensities due to climate
change. The attenuation is designed to manage flows to the 1 in 100-
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year event plus 40% climate change uplift value. A sensitivity check
on the drainage design has also been conducted to include the 1 in
100-year event plus 50% climate change uplift value.

14.2.2.111 The scheme is not considered to be at risk of flooding from the sea
and is considered to be at low risk of flooding from rivers, surface
water and groundwater. The risk of flooding from reservoirs is
managed through the enforcement of the Reservoirs Act 1975 by the
Environment Agency.

Residual risks

14.2.2.112 The key residual risks associated with the drainage / flood risk are as
follows:

¢ Flood events in excess of the design standard — the capacity of the
designed drainage system will minimise the impact of exceedance
events.

e Blockages in the drainage system — managed through routine
and/or reactive maintenance.

¢ Flooding from reservoirs — reservoir breach is highly unlikely but is
addressed by enforcement of the Reservoirs Act 1975 and through
flood warning.

14.2.3 Penrith to Temple Sowerby

Introduction

14.2.3.1 This section of the document details the proposed design for the
scheme, which runs from Penrith to Temple Sowerby. The location of
the scheme is shown on ES Figure 14.1: Surface Water Features
(Application Document 3.3).

14.2.3.2 The drainage for this scheme has been designed in accordance with
the Standards for Highways Design Manual for Roads and Bridges
and in accordance with relevant Local Authority design standards as
detailed in Section 14.2.1: Introduction.

Baseline conditions
Surface watercourses

14.2.3.3 Watercourses within the study area drain into the River Eden via a
number of tributaries. Minor watercourses which are tributaries of
these named rivers and the River Eden have also been included in
the assessment and grouped where required.

14.2.3.4 All watercourses within the study area flow through agricultural rural
landscapes. The River Eamont drains from Ullswater situated
southwest of the study area, and the River Lowther which drains from
the south-west of Shap, outside of the study area.

14.2.3.5 The watercourses designated as Main Rivers by the Environment
Agency within the study area include the River Lowther and River
Eamont. Table 7: Watercourses within Penrith to Temple Sowerby
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national

study area gives a brief description of the watercourses in the study
area (from west to east). ES Figure 14.1: Surface Water Features
(Application Document 3.3) displays the watercourses identified in the
study area.

Table 7: Watercourses within Penrith to Temple Sowerby study area

River Eamont

River Lowther

Unnamed Tributary
of River Eamont 3.2

Unnamed Tributary
of Light Water 3.1

Light Water

Unnamed Tributary
of River Eamont 3.3

Unnamed Tributary
of River Eamont 3.4

Unnamed Tributary
of River Eamont 3.5

Swine Gill

Unnamed tributary
of River Eden 4.5

River Eden

Unnamed Tributary
of River Eamont 3.7

Flows east, joined by the River Lowther and crossed by the existing M6 in
the west of the study area, flows north-east and joins the River Eden 2.3km
directly north of the existing A66.

Flows east, located parallel, to the south of the River Eamont. Joins the
River Eamont at Brougham Castle 250m upstream of the existing A66
crossing, in the west of the study area.

Flows east into the River Eamont, straightened channel through Frenchfield
sports centre, in the west of the study area

Flows north into the Light Water in the west of the study area, crossed by
the existing A66.

Flows north into the Eamont, crossed by the existing A66, and joins the
River Eamont 780m downstream of the crossing point, in the western extent
of the study area.

Flows north into the River Eamont, in close proximity to Whinfell Park,
crossed by the existing A66 and joins the River Eamont 350m downstream.

Small roadside drain that flows west into Unnamed Tributary of River
Eamont 3.3, in the central west of the study area.

Flows north into the River Eamont, crossed by the existing A66 in line with
the meander in the River Eamont in the centre of the study area.

Flows north into the River Eden, crossed by the existing A66, to the west of
Whinfell. Joins the River Eden 1.67km downstream of the crossing point.

Flows north into the River Eden, at existing A66 and B6412 junction in the
east of the study area.

Flows north-west in the far east of the study area.

Small watercourse that flows west, redirected via field drains before
discharging into the River Eamont. Situated north of the existing A66.

highways

Topography

14.2.3.6 Levels generally fall south to north along the proposed route, towards
the River Eamont. Carriageway drainage catchments are determined
by undulating topography across the whole scheme. Along the route
of the carriageway, ground levels fall towards the numerous
watercourses which are culverted below the A66. See ES Figure

14.2: Existing Flood Risk (Application Document 3.3) for contours.
Geology and soils

14.2.3.7 A complete description of the geological and soils context is provided
in ES Chapter 8: Geology and Soils (Application Document 3.2) and
ES Appendix 14.6: Hydrogeological Impact Assessment (Application

Document 3.4).
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Existing drainage
Background

14.2.3.8 The existing drainage network has been assessed using information
from HADDMS, existing drainage drawings and site surveys. Whilst
site visits have been undertaken to clarify existing drainage where
possible, no intrusive drainage surveys have been undertaken at this
stage of design. Where the proposed drainage interfaces with the
existing, CCTV surveys shall be undertaken prior to commencement
of detailed design. Due to the limited information available, the
existing catchments have been assessed using the Wallingford
Surface Water Storage Volume Estimation Tool to determine QBAR.
The maximum discharge from the outfalls in the proposed drainage
design has been limited to QBAR.

Description of existing drainage

14.2.3.9 Existing drainage comprises a mixture of gullies, combine kerb
drains, filter drains, and over the edge drainage, either onto adjacent
land or into roadside ditches.

14.2.3.10  Positive drainage systems outfall into local watercourses at strategic
locations.

Assessment of catchment areas and existing runoff rates

14.2.3.11 The following information has been considered in the assessment of
catchment areas and to calculate existing runoff rates:

e Catchment areas associated with the works have been measured

e Catchment areas associated with the works have developed using
both existing and proposed drainage catchments

e Existing catchment areas considered in this section therefore relate
to areas beneath the proposed alignment

e Existing catchments beneath the proposed alignment have been
used to calculate restricted flow rates that will be applied to new
outfalls from the proposed drainage system

e The proposed vertical alignment has been considered, and new
outfall locations determined

e Existing topography has also been considered to ensure that only
area beneath the proposed alignment that currently drains towards
a proposed outfall location is included in the restricted flow rate
calculations

14.2.3.12  This approach ensures that flows to individual watercourses are not
increased over the existing scenario.

14.2.3.13 A summary of the existing catchments include (see Annex C):

e Catchment S03-01 relates to the carriageway drainage from
Countess Pillar to the Light Water. The network discharges on the
left bank of the watercourse downstream of the A66.
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e Catchment S03-02 relates to the carriageway drainage from west
of Whinfell Park to the Light Water. The network discharges on the
right bank of the watercourse downstream of the A66.

e Catchment S03-03 relates to the carriageway drainage from east
of Whinfell Park and discharges to an un-named watercourse
located to the north of the A66 at Whinfell Park.

e Catchment S03-04 relates to the carriageway drainage midway
between Whinfell Park and the Center Parcs Junction. The network
discharges to an un-named watercourse located to the north of the
AGG.

e Catchment S03-05 relates to the drainage of the Center Parcs
Junction. The existing drainage network in this area is shown to
flow to a drainage ditch located north of the A66. However, as
there is no known discharge from this ditch, the proposed drainage
network will outfall via the un-named watercourse at Catchment
S03-04.

e Catchment S03-06 relates to the drainage from the local road
network in the vicinity of the Center Parcs Junction. It will outfall via
the un-named watercourse at Catchment S03-04.

e Catchment S03-07 relates to the carriageway drainage from east
of the Center Parcs Junction to Swine Gill. The network discharges
on the left bank of the watercourse downstream of the AG6.

14.2.3.14  The “Greenfield runoff rate estimation” tool developed by HR
Wallingford has been used to assess existing “greenfield” runoff
rates. The QBAR greenfield runoff rate of 5.27 I/s/ha has been
allowed for runoff from greenfield/undeveloped areas.

14.2.3.15  Brownfield run-off rates were calculated in line with the
recommendations of CIRIA's The SuDS Manual (C753). These are
specifically equated to existing hardstanding areas such as footways,
carriageways, traffic islands and central reservations. The QBAR
brownfield runoff rate has been estimated using a SPR of 0.53% for
runoff from brownfield/developed areas.

14.2.3.16  Table 8: Penrith to Temple Sowerby existing drainage catchments
summary shows existing catchments that drain to each of the
proposed outfalls.

Table 8: Penrith to Temple Sowerby existing drainage catchments summary

S03-01 0.220 1.095 1.38 8.94 10.32
S03-02 2.035 0.572 12.62 4.67 17.29
S03-03 1.382 0.869 8.47 6.91 15.38
S03-04 1.237 0.521 7.58 4.04 11.62
S03-05 0 0.968 0 7.31 7.31
S03-06 0.185 0.030 0.04 0.23 0.27
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S03-07 2.731 1.099 0.54 8.13 8.67

a - includes 30% reduction in brownfield flow rates

Hydraulic modelling of existing highway surface water drainage
networks

14.2.3.17  The extent of existing drainage networks has been assessed using
topographic surveys, site visits and HADDMS data. No hydraulic
modelling of the existing drainage networks has been undertaken due
to the limitations of available information.

Proposed drainage
Collection system design

14.2.3.18 A number of surface water collections systems will be utilised.
National Highways A66 Collection System

e Primary surface water collection system will be road edge concrete
surface water channels.

e Laybys and refuge areas will be drained using either concrete
surface water channels or gullies

¢ Filter drains will be used where required, including highway verges
where the verge is contained by earthworks and
cuttings/embankments.

¢ Open ditches and/or filter drains will be used to intercept and
convey overland flow from areas outside of the highway corridor.

Local Authority Roads Collection System

e Primary surface water collection system will be gullies.

e Filter drains will be used where required, including highway verges
where the verge is contained by earthworks and
cuttings/embankments.

e Open ditches and/or filter drains will be used to intercept and
convey overland flow from areas outside of the highway corridor.

14.2.3.19  For the Project, the primary drainage collection system will consist of
concrete surface water channels. For the scheme, surface water
channels will be placed on the road edge adjacent to the hard strip
and will drain surface water from the scheme carriageway, verges,
embankments, and the central reserve.

14.2.3.20  The design of the surface water channels is in accordance with
DMRB CD 521. The proposed vertical and horizontal highways
alignment has been assessed using the process outlined in Section 4
— Design Process of DMRB CD 521.
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14.2.3.21 The position of surface water channels in relation to the pavement
edge shall follow the guidance provided in DMRB CD 524.

14.2.3.22  Where gullies are used, gully spacing will be determined as part of
detailed design in accordance with DMRB CD 526.

14.2.3.23 Combined kerb and drainage systems will be designed in accordance
with DMRB CG 501.

14.2.3.24 A simple assessment of the minimum required discharge capacity of
the combined kerb and drainage systems is based on the Rational
Method Equation Q = 2.78 CiA, where:

e Q is the design peak rate of runoff (I/s)

C is a non-dimensional runoff coefficient (taken as 1.0)

i is the design rainfall intensity (mm/hr)

A is the total catchment area (ha)

Note: 2.78 is a conversion factor to address the rainfall units being
in mm/hr

Pollution controls

14.2.3.25 In accordance with DMRB CG 501, the selection of pollution control
measures has been determined following the process outlined below:

e Complete assessment in accordance with DMRB LA 113

¢ If mitigation is required, identify viable options/combinations of

measures, taking account of:

Road drainage hierarchy.

Site constraints.

Storm flow and flood risk requirements.

Climate change allowances.

Road geometry.

Review short list of options against construction and maintenance

requirements.

e Confirming the measures fulfil water quality requirements - these
are presented in ES Appendix 14.3: Water Quality Assessment
(Application Document 3.4)

14.2.3.26  The pollution control measures vary for each proposed outfall, and
include a combination of the following measures:

e Wet attenuation ponds with sediment forebays
o Vortex grit separators
e Vegetated ditches

14.2.3.27  Water quality assessments have been undertaken to ensure sufficient
mitigation measures have been incorporated at each outfall. Details
of the HEWRAT assessment are provided in ES Appendix 14.3:
Water Quality Assessment (Application Document 3.4).

14.2.3.28  Table 14-9: Penrith to Temple Sowerby pollution control mitigation
measures outlines the pollution control mitigation measures included
at each proposed outfall.
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Table 14-9: Penrith to Temple Sowerby pollution control mitigation measures

S03-01 Y N N
S03-02 Y N N
S03-03 Y N N
S03-04 Y N Y
S03-05 Y Y Y
S03-06 Y Y Y
S03-07 Y N N

Climate change

14.2.3.29 In accordance with DMRB CG 501, a 20% increase to peak rainfall
intensity shall be considered the minimum accommodated within the
drainage design in order to account for potential climate change.

14.2.3.30  Environment Agency guidance for allowances that should be made
for climate change has been followed. Climate change allowances
relating to increased peak rainfall intensity are outlined in Table 10:
Peak rainfall intensity allowance in small and urban catchments -
Penrith to Temple Sowerby.

Table 10: Peak rainfall intensity allowance in small and urban catchments - Penrith to Temple Sowerby

Upper end 10% 20% 40%
Central 5% 10% 20%

14.2.3.31 Environment Agency guidance is to assess both the central and
upper end allowances to understand the range of impact.

14.2.3.32 EA have advised that there is a proposed increase in allowances for
climate change within the Cumbria region. Accordingly, a 50% climate
change allowance has been included as a sensitivity check.

Surface water storage

14.2.3.33  The proposals lead to an increase in impermeable area draining to
local watercourses.

14.2.3.34  In accordance with DMRB CG 501, the proposed drainage design will
ensure that there is no increase in runoff rates as a result of the
proposals. To achieve this, existing runoff rates have been assessed
and flow control devices incorporated into the drainage systems.
Storage for surplus flows has been provided using attenuation ponds.

14.2.3.35  The detailed design will be based on updated geotechnical
information, and at that stage disposal via infiltration will be explored
to see if it is a practicable option. If it is not, the regulated hierarchy of
discharge will be followed in finalising the drainage design. Also refer
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to the Karst section regarding dissolution features that are present on
this scheme.

14.2.3.36  The proposed drainage design makes an allowance for potential
climate change. A 40% increase to rainfall intensity has been
included when considering surface water storage, and attenuation
ponds designed to ensure no flooding occurs during the critical 1 in
100-year storm.

Hydraulic modelling of proposed highway surface water drainage
networks

14.2.3.37  The proposed main carrier drainage network and surface water
storage has been modelled using MicroDrainage software.

14.2.3.38  FSR rainfall data has been used, with global variables (M560, r) to
suit the site location.

14.2.3.39  The equivalent impermeable area draining to proposed networks has
been obtained by applying the following factors to the measured
contributing areas: -

e Paved surfaces - 1.00

¢ Verges contained by embankments/cutting slopes - 0.5
e Embankments/Cutting Slopes - 0.25

e Attenuation pond surfaces - 1.00

14.2.3.40 Networks have been established to suit proposed vertical alignments
and potential outfall locations.

14.2.3.41 HydroBrake flow controls have been incorporated downstream of
attenuation ponds, with flow rates restricted to those detailed in Table
8: Penrith to Temple Sowerby existing drainage catchments
summary.

14.2.3.42  Table 11: Penrith to Temple Sowerby proposed catchments is a
summary of proposed total catchment area size, percentage of
impermeable area within each catchment and the volume of
attenuation required to achieve the peak permitted discharge rate
calculated for the corresponding existing catchment (see above). This
is to ensure the proposed discharge rates are no greater than
existing.

Table 11: Penrith to Temple Sowerby proposed catchments

S03-01 0.767 0.261 1.315 748 10.32
S03-02 0.251 0.542 2.607 1668 17.29
S03-03 0.312 0.430 2.251 1446 15.38
S03-04 0.061 0.320 1.758 1144 11.62
S03-05 0.391 0.160 1.082 830 7.31
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S03-06 0.613 0.073 0.215 87 0.27
S03-07 0.814 0.823 3.830 3032 8.67

a - Volume provided in design from normal water level to 300mm below road level, as per guidance provided in
The SuDS Manual (CIRIA C753).

b - 1 in 100-year storm plus 40% climate change
Exceedance flood routing

14.2.3.43  All drainage attenuation ponds are designed for a 1 in 100-year storm
with a 40% climate change allowance (Upper end). All drainage
attenuation ponds in this scheme are located on the downstream side
of the A66 so that any exceedance flow from the drainage attenuation
ponds will be to the downstream watercourse away from the
carriageway and any residential properties.

Existing watercourses

14.2.3.44 In accordance with DMRB CG 501 and DMRB LA 113the proposed
highways and drainage design where possible limit impact on
Environment Agency Main Rivers and ordinary watercourses. Where
a watercourse has been disrupted by the proposed highways
alignment a proposed culvert has been sized appropriately to allow
the flow from the watercourse to be uninterrupted. Where existing
culverts below the alignment are being extended to facilitate the
widening of the carriageway, these will be extended at the same size
as the original culvert. This will ensure that the pass forward flow
does not increase from the existing scenario and therefore will not
exacerbate flood risk downstream.

14.2.3.45  During detailed design the following will be required

¢ All new culverts will be designed in accordance with DMRB CD
529 details and in consultation with relevant stakeholders (e.g.
LLFA or EA).

o All culverts with a diameter of 900mm and above will require
structural design

¢ ltis the design intention to maintain existing outfalls on existing
watercourses and to not increase the discharge rate of these
outfalls.

o Where new outfalls are required the individual outfall details will be
designed in accordance with DMRB CD 529 and in consultation
with relevant stakeholders (e.g. LLFA or EA).

Land drainage and overland flow

14.2.3.46  Where land outside of the highway corridor falls towards the highway,
cut-off drainage has been provided as part of the design. Cut-off
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drainage will intercept and convey overland flow around the highway
corridor, so that this flow does not enter the highway drainage system
or cause flooding issues on the proposed highway.

14.2.3.47  Cut-off drainage comprises open ditches and/or filter drains, with
culverts provided to cross the highway corridor where necessary.

Flood Risk Assessment
Data collection

14.2.3.48  The risk of flooding to the development has been assessed on readily
available information, published on the Environment Agency website.

14.2.3.49 In addition to readily available information, JBA has undertaken
baseline hydraulic modelling of existing watercourse/culvert
crossings. This modelling establishes flooding in the vicinity of the
existing AG6.

Flood risk vulnerability classification

14.2.3.50  Guidance for flood risk vulnerability for new development sites is set
out in the Government planning portal for flood risk and coastal
change. Table 6: Flood risk vulnerability classification is used as a
guide to help determine if new development sites should or should
not be permitted, based upon the vulnerability classifications set out
on the planning portal.

14.2.3.51 In accordance with DMRB LA113, NI/1.7, the development is
classified as “Essential Infrastructure”. The development is therefore
permitted providing it is located within Flood Zones 1 or 2, with the
exception test required if located in Flood Zones 3a or 3b.

Sequential Test

14.2.3.52  As part of a Flood Risk Assessment a sequential test is required
when the proposed development is located within Flood Zone 2 or 3.
The sequential test compares the proposed site with other available
sites to find out which has the lowest flood risk.

14.2.3.53  The design team considered alternative alignments which would still
meet the project requirements.

14.2.3.54 A full extensive write up of this review can be seen in Project
Development Overview Report (Application Document 4.1)

14.2.3.55  This review identifies the proposed route is the most favourable with
the least environmental impacts, impacts on landowners, buildability
and design safety, whilst maintaining project design principles.

14.2.3.56 In respect of the Sequential Test for this scheme, the development is
in Flood Zone 1 and at low risk of fluvial flooding. However, flood risk
must be considered from all potential sources. The scheme is shown
to be at low risk of surface water and groundwater flooding. However,
the mapping indicates that the scheme to the west of Whinfell Park
Cottages is within the maximum extent of flooding from reservoirs.
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Exception Test

14.2.3.57  The proposed scheme is located within Flood Zone 1. In accordance
with Table 2 of the Flood Risk and Coastal Change guidance, the
proposed alignment has been assessed as being Essential
Infrastructure and is appropriate for this flood zone. However, as the
proposed alignment to the west of Whinfell Park Cottages is identified
as being within the maximum extent of flooding from reservoirs, an
exception test is required.

14.2.3.58 The 2 parts to the Test require the proposed development to show
that it will provide wider sustainability benefits to the community that
outweigh flood risk, and that it will be safe for its lifetime, without
increasing flood risk elsewhere and where possible reduce flood risk
overall.

14.2.3.59  To answer the first part of the assessment, refer to Case for the
Project (Application Document 2.2) which highlights the Social,
Environmental and Economic benefits for the proposed Nationally
Significant Infrastructure Project. Including:

o safety — a consistent standard of dual carriageway, to reduce the
number of accidents. Use of the ‘old’ A66 as part of the local road
network will provide better, safer routes for cyclists and
pedestrians.

e connectivity — improving connectivity for people living and working
nearby and creating better facilities for cyclists and pedestrians.
Reducing congestion and improving the reliability of people’s
journeys between the M6 at Penrith and the A1(M) Scotch Corner
and nationwide. It also improves connectivity between the key
employment areas of Cumbria, Tees Valley and Tyne and Wear.

e environmental — minimising noise levels for people living and
working near the route and reducing the congestion currently
occurring in the single carriageway sections. The scheme is also
being designed to minimise any potential negative impacts on the
natural environment and landscapes of the North Pennines and
Lake District.

e economic — improving strategic regional and national connectivity,
particularly for hauliers. Heavy goods vehicles account for a
quarter of all traffic on the road and any delays to journeys can
have an extremely negative effect on business and commerce,
including lost working time and missed shipment slots.

e tourism — improving access to key tourist destinations such as the
North Pennines and Lake District.

e community — re-connecting communities and providing better links
between settlements along the route as well as improving access
to services such as healthcare, employment areas and education.

e capacity — reducing delays and queues during busy periods and
improving the performance of key junctions such as the A66/A6
and the M6 junction 40.
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¢ increasing reliability — an improved A66, will lead to less accidents
which, in turn, makes the road more reliable. Also, having a dual
carriageway provides the option to close lanes where required due
to accidents or break downs and keep traffic moving

14.2.3.60  To answer the second part of the Exception test, refer to the Flood
Risk Mitigation section below which outlines how the scheme
proposes to mitigate flooding of the carriageway and downstream of
the scheme.

14.2.3.61 The proposed design will be constructed to remain operational and
safe in times of flooding from fluvial, surface water and groundwater
sources.

14.2.3.62 In respect of the risk associated with flooding from reservoirs, refer to
the Flooding from reservoirs section below which details how the
management of large raised reservoirs is governed by the Reservoirs
Act 1975.

14.2.3.63  The proposed design does not impede existing water flows as cut of
ditches intercept overland flows and conveys water in a controlled
manor to its existing receiving watercourse.

14.2.3.64  As demonstrated in Case for the Project (Application Document 2.2),
A66 constitutes nationally significant Essential Infrastructure. The
improvements proposed for the A66 will provide wider sustainability
benefits to the community that outweigh the flood risk posed by the
exceptional circumstances which would result in a reservoir breach
scenario. The Exception Test would therefore be satisfied by the
proposed A66 improvements for Penrith to Temple Sowerby.

Flooding from rivers or the sea

14.2.3.65 Baseline flood risk from rivers and sea using Environment Agency
data is shown on ES Figure 14.2: Existing Flood Risk (Application
Document 3.3).

14.2.3.66  The Environment Agency has produced flood maps indicate the risk
of flooding from rivers and the sea. However, as the nearest coastline
is c.48km away and the low point of the Penrith to Temple Sowerby
scheme is above 113mAQD, the scheme is not at risk of coastal
flooding.

14.2.3.67  The Environment Agency flood mapping indicates that the
development is in Flood Zone 1 and at low risk of flooding. However,
the JBA mapping shows that flooding of the existing carriageway
does occur in the vicinity of the Lightwater Cottages as a result of
flows backing up in the un-named watercourse at Whinfell Park and
flowing overland to the Lightwater. Reprofiling of the farmland
between the Whinfell Park watercourse and the Lightwater is
proposed to maintain this conveyance route, whilst ensuring that the
overland flow does not inundate the carriageway.
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Surface water flooding

14.2.3.68  The surface water flood map indicates that much of the route is at
very low risk from surface water flooding, with some low to medium
risk areas located to the south of the existing A66. The localised
surface water flooding of the carriageway in the vicinity of the Light
Water has been addressed by existing culvert improvements for the
discharge of the Unnamed Tributary of River Eamont 3.3 located west
of the Light Water and the conveyance works identified in the
previous section.

14.2.3.69  Cut-off drainage has been provided where land outside of the
highway corridor falls towards the highway. The cut-off drainage will
intercept and convey surface water flows around the highway.

Historic flooding

14.2.3.70  Environment Agency data shows historic flooding events associated
with the River Eamont in 2005, 2009 and 2015. Historic flooding
associated with the study area is indicated on Environment Agency
mapping to be at risk of fluvial flooding (from rivers or the sea).

14.2.3.71 The consultation response received from Cumbria County Council
LLFA stated that “Flooding has been experienced in the vicinity of the
Karma Llama Kafé due to a watercourse culvert underneath the A66”.
This has been replicated in the additional hydraulic modelling
undertaken for the Lightwater.

14.2.3.72  Refer to Flood Risk Mitigation below.
Existing highway drainage flooding

14.2.3.73 HADDMS identifies a number of locations along the existing A66 for
this scheme that are, or have previously been subject to flooding.

14.2.3.74  There are 2 closed/historic events and there are no open events
recorded.

14.2.3.75 The closed/historic events relate to overland flow from Whinfell Farm
in the vicinity of the Lightwater Cottages and a blocked gully.

Groundwater flooding

14.2.3.76  The scheme is susceptible to groundwater flooding in accordance
with the Groundwater Flooding Susceptibility map in Environmental
Statement Figure 14.8. A complete description of the groundwater
context is provided in the Environmental Statement Appendix 14.6
Hydrogeological Impact Assessment.

14.2.3.77  Where the scheme is at or above existing ground level the risk of
groundwater flooding is considered to be low because the proposed
drainage systems will reduce the ground water levels in the vicinity of
the scheme to below the formation level of the road.

14.2.3.78 There are a number of areas across the scheme where the route is in
cutting. A sub surface filter drainage system will be provided to these
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areas, or the area will be lined, should high groundwater be assessed
as a risk during detailed design.

Flooding from reservoirs

14.2.3.79  The Environment Agency Flood Map for Planning indicates that the
scheme to the west of Whinfell Park Cottages is within the maximum
extent of flooding from reservoirs.

14.2.3.80  The management of large, raised reservoirs (capable of holding
10,000m? of water above natural ground level) is governed by the
Reservoirs Act 1975. The Act identifies that the reservoir undertaker
is responsible for ensuring the structural integrity of the reservoir and
needs to ensure that panel engineers are appointed to complete the
necessary monitoring and inspection of the reservoir. Where
necessary the panel engineer will undertake the design/supervision of
repair works to existing reservoirs.

14.2.3.81 Although the consequence of a reservoir failure is potentially very
significant, the controls and management procedures of the
Reservoirs Act 1975, enforced by the Environment Agency, mean
that the probability of a catastrophic breach is highly unlikely.

14.2.3.82  Annually there are a number of incidents which require the
emergency drawdown of reservoirs to enable further inspection or
remedial works to be undertaken. However, since the introduction of
reservoir legislation in the 1920’s there has been no loss of life as a
result of reservoir failure in the UK.

14.2.3.83  Reservoir flood mapping allows a better understanding of potential
areas at risk in supporting emergency planning. National Highways
work with Environment Agency, Cumbria County Council, Cumbria
Constabulary and other statutory bodies to develop and implement
local emergency plans for all eventualities.

Flooding from other Artificial waterbodies

14.2.3.84  The scheme is not at risk of flooding from other artificial waterbodies.
This has been assessed based on the scale of the other artificial
waterbodies in relation to the local topography and carriageway
elevation.

Coastal flooding

14.2.3.85  The Environment Agency Flood Map indicates that the scheme is
outside of the maximum extent of flooding from coastal flooding.

Flooding from sewers

14.2.3.86  There are no reports of flooding from existing public sewers. United
Utilities shall be consulted throughout the detailed design process to
ensure that any risk identified is managed appropriately.
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Flood risk mitigation

14.2.3.87  The detailed design of the proposed highway drainage will be in
accordance with current design standards specifically the Design
Manual for Roads and Bridges (DMRB) and the Manual of Contract
Documents for Highway Works (MCHW). By following these design
standards, the design of the A66 NTP S03 Penrith to Temple
Sowerby will have low risk of surface water flooding and low risk from
fluvial flooding.

14.2.3.88  Flood risk from groundwater will be mitigated though cut-off drains at
all highway earthwork cuttings and embankments.

14.2.3.89 In addition to the above, proposed methods of flood mitigation are
outlined in the following sections.

Attenuation

14.2.3.90 The detailed design of the proposed highway drainage will be in
accordance with current design standards specifically the Design
Manual for Roads and Bridges (DMRB) and the Manual of Contract
Documents for Highway Works (MCHW). By following these design
standards, the design of the A66 NTP S03 Penrith to Temple
Sowerby will have low risk of surface water flooding and low risk from
fluvial flooding.

14.2.3.91 The design of the A66 NTP S03 Penrith to Temple Sowerby leads to
a substantial increase the impermeable area.

14.2.3.92  In Accordance with CG 501, the proposed drainage design will
ensure that there is no increase in discharge rates at each outfall. To
achieve this, any increase in impermeable area as a result of the
proposed alignment will need to be attenuated prior to the outfall, with
sufficient storage for a 1 in 100-year event.

14.2.3.93  The Proposed attenuation will also make an allowance for 20%
climate change for the total area served the drainage networks.
Consideration has also been given to the effects of applying 40%
climate change to the hydraulic models. The proposed attenuation
volumes have considered the amount of flooding. The proposed
attenuation will ensure that the flooded volume is less than existing.

14.2.3.94  Proposed drainage and highway design will ensure safe usage of
proposed A66 route and side roads.

Flow path

14.2.3.95 Drainage flow paths during storm events have been considered as
part of the design process. The road alignment and drainage
collection systems expediate the flow of water from trafficked and
hard standing areas to minimise the risk of standing water on the
carriageway.

14.2.3.96  For higher rainfall return periods and in the event of drainage
blockages, exceedance flow paths shall direct flood water
downstream to watercourses.
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Overland flow compensation

14.2.3.97  The JBA mapping shows that minor flooding of the existing
carriageway occurs in the 1 in 100-year plus 94% climate change
scenario in the vicinity of the Lightwater Cottages as a result of flows
backing up in the un-named watercourse at Whinfell Park and flowing
overland to the Lightwater. This flooding of the carriageway does not
occur for all modelled flood events up to and including the 1 in 100-
year fluvial event with a 47% climate change. Reprofiling of the
farmland between the Whinfell Park watercourse and the Lightwater
is proposed to maintain this conveyance route, for the 1 in 100-year
plus 94% climate change event, whilst ensuring that the overland flow
does not inundate the carriageway or exacerbate flood risk further
downstream. The initial modelling has shown a reduction of flooding
onto the carriageway but further refinement will be required at
detailed design to fully resolve this issue. Space has been included
within the red line boundary for any future refinement of this design.
This issue has been recorded in the Design Decision Register.

Conclusion
Summary

14.2.3.98  The proposed works at Penrith to Temple Sowerby, involves widening
the route to dual carriageway between Penrith and Temple Sowerby.
The scheme predominantly follows the existing route, widening the
existing carriageway and constructing a second carriageway to the
north of the existing route.

14.2.3.99  The scheme results in a significant increase in impermeable area
being discharged to local watercourses.

14.2.3.100 Existing flow rates have been calculated, and proposed flow rates
restricted to ensure that there is no increased flood risk as a result of
the scheme.

14.2.3.101  Water quality mitigation measures have been incorporated in the
proposals.

14.2.3.102 A full assessment of the capacity of the receiving drainage system
shall be undertaken as part of detailed design. Surface water storage
will be required if the existing drainage system does not have the
capacity to accept additional flows.

14.2.3.103 The scheme is not considered to be at risk of flooding from the sea
and is considered to be at low risk of flooding from rivers, surface
water and groundwater. The risk of flooding from reservoirs is
managed through the enforcement of the Reservoirs Act 1975 by the
Environment Agency.

Residual risks

14.2.3.104 The key residual risks associated with the drainage / flood risk are as
follows:
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¢ Flood events in excess of the design standard — the capacity of the
designed drainage system will minimise the impact of exceedance
events.

e Blockages in the drainage system — managed through routine
and/or reactive maintenance.

¢ Flooding from reservoirs — reservoir breach is highly unlikely but is
addressed by enforcement of the Reservoirs Act 1975 and through
flood warning.

14.2.4 Temple Sowerby to Appleby

Introduction

14.2.4.1 This section of the document details the proposed design for this
scheme, which runs from Temple Sowerby to Appleby close to the
villages of Kirkby Thore and Crackenthorpe. The location of the
scheme is shown on ES Figure 14.1: Surface Water Features
(Application Document 3.3).

14.2.4.2 The drainage for this scheme has been designed in accordance with
the Standards for Highways Design Manual for Roads and Bridges
and in accordance with relevant Local Authority design standards as
detailed in Section 14.2.1: Introduction.

Baseline conditions
Surface watercourses

14.2.4.3 Watercourses within the study areas drain into the River Eden via
several tributaries.

14.2.4.4 The watercourses in the north and west of the study areas drain from
the fells to the north, including Knock Pike and Dufton Pike, and flow
through agricultural fields and small villages, including Long Marton.
In the south of the study areas the watercourses flow north from the
Howaqill Fells through largely agricultural land.

14.2.4.5 Both Trout Beck and the River Eden are designated by the
Environment Agency as Main Rivers. Table 12: Watercourses within
Temple Sowerby to Appleby study area gives a brief description of
the watercourses in the study area (from west to east) and they are
displayed on ES Figure 14.1: Surface Water Features (Application
Document 3.3).

Table 12: Watercourses within Temple Sowerby to Appleby study area

Birk Sike Flows west into the River Eden via the Crowdundle Beck, parallel to the
north of the existing A66 in the north of the study areas. Joins the River
Eden to the west of the study areas.

River Eden Flows northwest, parallel to the south of the existing A66. Joined by
several tributaries to the south of the study area and joins River Lyvennet
in the south-east of the study areas.

River Lyvennet Flows north, joins the River Eden 520m to the south of the existing A66.
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Coat Sike

Unnamed Tributary
of Birk Sike 4.2

Unnamed Tributary
of Birk Sike 4.3

Unnamed Tributary
of Trout Beck 4.1

Trout Beck

Unnamed Tributary
of Keld Sike 4.1

Keld Sike (1)

Unnamed Tributary
of Trout Beck 4.2

Unnamed Tributary
of Trout Beck 4.3

Unnamed Tributary
of Trout Beck 4.6

Keld Sike (2)

Unnamed Tributary
of River Eden 4.2

Unnamed Tributary
of River Eden 4.3

Unnamed Tributary
of Birk Sike 4.1

Unnamed Tributary
of River Eden 4.0
Colby Beck

Palmer Gill

Sweetmilk Sike

Teas Sike

Flows north, joins the River Eden 1.2kmm to the south of the existing
A66, in the south-west of the study area.

Situated north-west of Kirkby Thore, flows north-east through agricultural
land into Birke Sike.

Situated north-east of Kirkby Thore, flows northwest through agricultural
land into Birk Sike, adjacent to British Gypsum factory.

Situated 440m south of existing A66, flows south-west into the River
Eden in west of study areas.

Flows north-west into the River Eden, from Long Marton, crossed by the
existing A66 to the south of Kirby Thore.

Partially subterranean artificially straightened field drainage channel
situated 200m north of Sleastonhow Lane, to the east of Kirkby Thore.
Flows south-east into Keld Sike.

Flows south into Trout Beck where it becomes a straightened channel to
the west of Long Marton.

Flows north from Crackenthorpe, parallel to the existing A66. Data
received from the Environment Agency indicates a culvert linking this
watercourse to the watercourse along the field boundary to the south of
Powis House, flowing via another culvert into Trout Beck.

Flows north into Trout Beck, located within the area of low ground
adjacent to the Roman Road and flows along Castrigg Lane and past
Broad Lea House.

Flows west with areas of artificially straightened channel and into Trout
Beck 100m north of the existing A66.

Flows from Castrigg Lane at the railway line north past Broom House
Farm and joining Trout Beck 200m to the south of Long Marton, parallel
to the north of the Roman Road.

Situated north-east of Colby Laithes, flows south from existing A66 and
into the River Eden

Situated north-west of Appleby, flows south from existing A66 for 60m
into the River Eden.

A stretch of open field drain for approximately 150m before it is culverted
again.

Flows south, in the south of the study area, into the River Eden just south
of Skygarth Farm, culverted under the dismantled railway.

Flows north, adjacent to Colby, through some areas of forest before
joining the River Eden in the south-east of the study area.

Flows north with some artificially straightened sections, into the River
Eden, in the south of the study area.

Flows north into the River Eden, in the south of the study area, flows
under Sweetmilk Bridge by New Bewley Castle.

Flow north before splitting to feed Sweetmilk Sike, in the south of the
study area.
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Unnamed Tributary Flows north into the River Eden at Limekiln Hill after an artificially
of River Eden 4.1 straightened stretch, in the central east of the study area.

Unnamed Tributary Flows south and into Trout Beck, culverted under the railway line and
of Birk Sike 1.1 flows into Birk Sike, in the north-west of the study area.

Topography

14.2.4.6 Levels generally fall north-east to south-west along the scheme
towards the River Eden valley. Carriageway drainage catchments are
determined by undulating topography across the scheme. See ES
Figure 14.2: Existing Flood Risk (Application Document 3.3) for
contours.

Geology and soils

14.2.4.7 A complete description of the geological and soils context is provided
in ES Chapter 9: Geology and Soils (Application Document 3.2) and
ES Appendix 14.6 Hydrogeological Impact Assessment (Application
Document 3.4).

14.2.4.8 Existing ground materials are a combination of cohesive and granular
tills. Little lithological sequencing between types can be established,
particularly over the western (Kirkby Thore Bypass) section, the
materials appearing as sheets and lenses of varying lateral and
vertical extents overlying Penrith Sandstone at relatively shallow
depth. The sandstone often is weathered to appear as Sand and
gravelly Sand. To the east of Trout Beck towards Appleby cohesive
tills (GT_CO) predominate. Based upon total exploratory depths
during the 2021 ground investigation an estimate of proportion can be
established. Based on plasticity criteria, the relevant proportions in
SHW material classes 2A (wet cohesive) and 2C (stony cohesive) are
also indicated.

Existing drainage
Background

14.2.4.9 The existing drainage models have been produced using HADDAMS
data, Existing drainage drawings and using drainage design
assumptions. Using this information an existing hydraulic model has
been produced using Micro Drainage software.

Description of existing drainage

14.2.4.10 Prior to outline drainage design of the proposed A66 Route and
associated side roads an understanding of the existing drainage was
required. All existing outfalls needed to be identified to ensure that
they can be assessed.

14.2.4.11 The existing drainage networks consists primarily of:

e Carrier Drains
e Filter Drains
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national

14.2.4.12

14.2.4.13

14.2.4.14

14.2.4.15

14.2.4.16

14.2.4.17

¢ Existing attenuation pond

The majority of the existing drainage catchments outfall to an existing
watercourse (see Annex C). The exception is existing catchment EX-
A, this existing catchment prior to outfall on the River Eden passes
through an attenuation pond.

Assessment of catchment areas and existing runoff rates

Following review of the received information, seventeen existing
drainage catchments have been identified and hydraulic models have
been produced. For each of these existing catchments the catchment
areas have been calculated and individual catchment outfalls
identified see in Table 13: Temple Sowerby to Appleby existing
discharge rates.

The majority of the existing drainage catchments are not affected by
the proposed alignment of the scheme. The catchments affected by
the scheme are those located a tie in points of the Temple Sowerby
Bypass and of the Appleby Bypass. The proposed highways
alignment also impacts the downstream drainage of the Kirkby Thore
Highway Drainage Network (Catchment EX-N & O) (see Annex C).

An assessment of the impacts of a new cycleway on the AG6 existing
drainage network was undertaken. And concluded no additional work
to the drainage network would be required.

In addition, several watercourses are impacted by the proposed
works. These impacted watercourses take flows from existing
highway drainage catchments, existing cut-off ditches and take flows
from scheme catchments.

Hydraulic modelling of existing highway surface water drainage
networks

Hydraulic models of the existing drainage networks have been
created and existing discharge rates calculated. A summary of
discharge rates can be seen in Table 13: Temple Sowerby to Appleby
existing discharge rates.

Table 13: Temple Sowerby to Appleby existing discharge rates

EX-A

EX-B

EX-C

highways

3.583 1in 1 Year 94.6 (13.m3)
Note: This catchment contains a 1in 5 Year 100.4 (129m3)
PO WK e e TOTSION | 100 ear 1011 (634
0.937 1in 1 Year 66.3

1in 5 Year 99

1in 100 year 118.3 (44m?)
0.453 1in 1 Year 35.9
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Catchment Drained Area (ha) Return Period Discharge Rate
(I/s)
(Flood)

1in 5 Year 54.9

1in 100 year | 89.3 (4m?3)
EX-D 0.634 1in1 Year 40.2

1in 5 Year 51.2

1in 100 year 55.9 (44m3)
EX-E 0.111 1in 1 Year 121

1in 5 Year 20.2

1in 100 year 37.2
EX-F 0.057 1in 1 Year 6.4

1in 5 Year 10.8

1in 100 year 20.3
EX-G 1.027 1in1 Year 45.9

1in 5 Year 74.3 (0.3m3)

1in 100 year 118.2 (19m?3)
EX-H 1.345 1in1 Year 62.4

1in 5 Year 97.3 (5md)

1in 100 year 153.4 (60m?3)
EX-I 0.685 1in 1 Year 50.6

1in 5 Year 85.1

1in 100 year 120.8 (4m3)
EX-J 0.826 1in 1 Year 64.5

1in 5 Year 108.9

1in 100 year 182.3 (0.6m?3)
EX-K 0.344 1in1 Year 31.7

1in 5 Year 52

1in 100 year 93.3
EX-L 0.552 1in1 Year 51.5

1in 5 Year 78.5

1in 100 year 125.2 (14m?)
EX-M 2.306 1in 1 Year 127.1 (0.4m3)

1in 5 Year 168.7 (21m?3)

1in 100 year 187.9 (234m3)
EX-N 2.227 1in 1 Year 173.7

1in 5 Year 244.3 (8m?3)

1in 100 year 357.7 (150m?3)

Note: Existing catchment IDs only refer to existing catchments and not those proposed as
part of the Project

Planning Inspectorate Scheme Reference: TR010062
Application Document Reference: TR010062/APP/3.4
Page A14.2-44 of 153



AG6 Northern Trans-Pennine Project n.atlonal
3.4 Environmental Statement h Ig hways

Appendix 14.2 Flood Risk Assessment and Outline Drainage Strategy

Proposed drainage
Collection system design

14.2.4.18 A number of surface water collections systems will be utilised.
National Highways A66 Collection System

e Primary surface water collection system will be road edge concrete
surface water channels.

e Laybys and refuge areas will be drained using either concrete
surface water channels or gullies

e Bridge Deck Drainage units will be used to drain surface water on
bridge sections.

o Filter drains will be used where required, including highway verges
where the verge is contained by earthworks and
cuttings/embankments.

¢ Open ditches and/or filter drains will be used to intercept and
convey overland flow from areas outside of the highway corridor.

Local Authority Roads Collection System

e Primary surface water collection system will be gullies.

¢ Filter drains will be used where required, including highway verges
where the verge is contained by earthworks and
cuttings/embankments.

¢ Open ditches and/or filter drains will be used to intercept and
convey overland flow from areas outside of the highway corridor.

14.2.419  For the National Highways route, the primary drainage collection
system will consist of concrete surface water channels (SWC). For
this scheme SWC will be placed on the road edge adjacent to the
hard strip and will drain surface water from the A66 carriageway,
verges, embankments, and the central reserve.

14.2.4.20 The design of the surface water channels is in accordance with
DMRB CD 521. The proposed vertical and horizontal highways
alignment has been assessed using the process outlined in Section 4
— Design Process of DMRB CD 521.

14.2.4.21 The position of surface water channels in relation to the pavement
edge shall follow the guidance provided in DMRB CD 524.

14.2.4.22  Where gullies are used, gully spacing will be determined as part of
detailed design in accordance with DMRB CD 526.

14.2.4.23 Combined kerb and drainage systems will be designed in accordance
with DMRB CG 501.

14.2.4.24 A simple assessment of the minimum required discharge capacity of
the combined kerb and drainage systems is based on the Rational
Method Equation Q = 2.78 CiA, where:

e 'Q'is the design peak rate of runoff (I/s)
e 'C'is a non-dimensional runoff coefficient (taken as 1.0)
¢ 'I'is the design rainfall intensity (mm/hr)
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e 'A'is the total catchment area (ha)
¢ Note: 2.78 is a conversion factor to address the rainfall units being
in mm/hr

Pollution controls

14.2.4.25 In accordance with DMRB CG 501, the selection of pollution control
measures has been determined following the process outlined below:

e Complete assessment in accordance with DMRB LA 113

If mitigation is required, identify viable options/combinations of
measures, taking account of

Road drainage hierarchy

Site constraints

Storm flow and flood risk requirements

Climate change allowances

Road geometry

Review short list of options against construction and maintenance
requirements

Confirming the measures fulfil water quality requirements - these
are presented in ES Appendix 14.3: Water Quality Assessment
(Application Document 3.4)

® O O O O O °

14.2.4.26  The pollution control measures vary for each proposed outfall, and
include a combination of the following measures:

e Wet attenuation ponds with sediment forebays
o Vortex grit separators
e Vegetated ditches

14.2.4.27  Water quality assessments have been undertaken to ensure sufficient
mitigation measures have been incorporated at each outfall. Details
of the HEWRAT assessment are provided in ES Appendix 14.3:
Water Quality Assessment (Application Document 3.4).

14.2.4.28 Table 14: Temple Sowerby to Appleby pollution control mitigation
measures outlines the pollution control mitigation measures included
at each proposed outfall.

Table 14: Temple Sowerby to Appleby pollution control mitigation measures

S0405-01 Y N Y
S0405-02 N N N
S0405-03 N N N
S0405-04 Y N N
S0405-05 Y Y Y
S0405-06 Y N N
S0405-06b N N N
S0405-07 Y N N
S0405-08 Y N N
S0405-09 Y N Y
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Catchment Attenuation pond Grit Separator ‘ Vegetated Ditch
S0405-010 Y N N
S0405-011 Y
S0405-012 Y N N
S0405-012a N N N
S0405-012b N N N
S0405-013 Y N N
S0405-014 Y N N
S0405-015 Y Y Y
S0405-016 Y Y Y
S0405-017 N N N
S0405-018 Y N Y
S0405-019 N N N
S0405-020 N N N
S0405-EX-D N N N
Climate change
14.2.4.29 In accordance with DMRB CG 501, a 20% increase to peak rainfall
intensity should be considered the minimum accommodated within
the drainage design in order to account for potential climate change.
14.2.4.30 The Environment Agency has produced guidance, available on the

gov.uk website, relating to allowances that should be made for
climate change. Climate change allowances relating to increased
peak rainfall intensity are outlined Table 15: Peak rainfall intensity
allowance in small and urban catchments - Temple Sowerby to
Appleby.

Table 15: Peak rainfall intensity allowance in small and urban catchments - Temple Sowerby to Appleby

Applies across all of
England

Total potential
change anticipated

for the '2020s' (2015

Total potential
change anticipated
for the '2050s" (2040

Total potential
change anticipated
for the '2080s" (2070

to 2039) to 2069) to 2115)
Upper end 10% 20% 40%
Central 5% 10% 20%
14.2.4.31 Environment Agency guidance is to assess both the central and
upper end allowances to understand the range of impact.
14.2.4.32  EA have advised that there is a proposed increase in allowances for
climate change within the Cumbria region. Accordingly, a 50% climate
change allowance has been included as a sensitivity check.
Surface water storage
14.2.4.33  The proposals lead to a substantial increase in impermeable area

draining to local watercourses.
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14.2.4.34  In accordance with DMRB CG 501, the proposed drainage design will
ensure that there is no increase in runoff rates as a result of the
proposals. To achieve this, existing runoff rates have been assessed
and flow control devices incorporated into the drainage systems.
Storage for surplus flows has generally been provided using
attenuation ponds.

14.2.4.35  The detailed design will be based on updated geotechnical
information, and at that stage disposal via infiltration will be explored
to see if it is a practicable option. If it is not, the regulated hierarchy of
discharge will be followed in finalising the drainage design. Also refer
to the Karst section regarding dissolution features that are present on
this scheme.

14.2.4.36  Detailed design will be base

14.2.4.37  The proposed drainage design makes an allowance for potential
climate change. A 40% increase to rainfall intensity has been
included when considering surface water storage, and attenuation
ponds designed to ensure no flooding occurs during the critical 1 in
100-year storm.

Hydraulic modelling of proposed highway surface water drainage
networks

14.2.4.38  The proposed main carrier drainage network and surface water
storage has been modelled using MicroDrainage software.

14.2.4.39 FSR rainfall data has been used, with global variables (M560, r) to
suit the site location.

14.2.4.40 The equivalent impermeable area draining to proposed networks has
been obtained by applying the following factors to the measured
contributing areas: -

Paved surfaces - 1.00

Verges contained by embankments/cutting slopes - 0.5
Embankments/Cutting Slopes - 0.25

Attenuation pond surfaces - 1.00

14.2.4.41 Networks have been established to suit proposed vertical alignments
and potential outfall locations.

14.2.4.42  HydroBrake flow controls have been incorporated downstream of
attenuation ponds, with flow rates restricted to those detailed in Table
4-2: Temple Sowerby to Appleby existing discharge rates.

14.2.4.43  Table 16: Temple Sowerby to Appleby proposed catchments table
below, is a summary of proposed total catchment area size,
percentage of impermeable area within each catchment and the
volume of attenuation required to achieve the peak permitted
discharge rate calculated for the corresponding existing catchment
(see above). This is to ensure the proposed discharge rates are no
greater than existing.
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Table 16: Temple Sowerby to Appleby proposed catchments

Catchment Drained Drained Drained Volume of Peak
Embankment @ Verge Highway storage Permitted
Area Area Area provided? Flow Rate®
(ha) (ha) (ha) (m3) (I/s)
S0405-01 0.645 1.618 1.109 1605 Existing N
S0405-02 0.350 0.060 0.483 0 Existing M
S0405-03 0.303 0.029 0.087 0 Existing N
S0405-04 1.274 1.061 1.148 2410 22.32
S0405-05 0.728 0.864 1.428 3370 18.00
S0405-06 0.630 0.490 0.290 580 7.90
S0405-06b 0.010 0.210 0.230 NA 94.80
S0405-07 0.984 1.221 1.186 2076 17.64
S0405-08 1.345 2.716 5.665 5339 40.80
S0405-09 2.323 1.705 1.841 2010 35.10
S0405-010 0.000 0.346 0.374 500 42.10
S0405-011 0.000 0.149 0.202 684 45.00
S0405-012 0.135 0.290 0.370 1500 4.70
S0405-012a | 0.000 0.175 0.146 0 64.60
S0405-012b | 0.622 0.122 0.207 0 48.10
S0405-013 3.905 2.417 2.252 4264 28.20
S0405-014 1.225 0.999 0.910 1441 12.25
S0405-015 3.509 2.601 2.556 3950 40.00
S0405-016 0.795 1.241 1.417 2600 22.00
S0405-017 1.240 0.200 0.870 0 Existing M
S0405-018 0.514 0.752 0.598 1945 10.00
S0405-019 0.729 0.000 0.259 0 107.20
S0405-020 0.726 0.000 0.000 0 75.90
S0405-EX-D | 0.400 0.000 0.850 0 166.50

a — Volume provided in design from normal water level to 300mm below access track level, as per guidance
provided in The SuDS Manual (CIRIA C753).

b — 1 in 100-year storm, 40% climate change.
¢ — Existing highway realigned with same cross section, new drainage system provided.
d — Peak modelled flow rate from realigned drainage system.

e — Drained area taken from record drawings. All assumed to be 100% impermeable.
Exceedance flood routing

14.2.4.44  All drainage attenuation ponds are designed for a 1 in 100-year storm
with a 40% climate change allowance. All attenuation ponds in the
Temple Sowerby to Appleby study area are located on the
downstream side of the A66 so that any exceedance flow from the
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drainage attenuation ponds will be to the downstream watercourse
away from the carriageway.

14.2.4.45 At detailed design, the highway and drainage designs will consider
the overland flow routes of exceedance flows, and where possible
provide a route for exceedance flows that minimises the risk of
flooding of properties. The routing of exceedance flows will follow the
discharge pipe route to receiving waters, where possible.

Existing watercourses

14.2.4.46 In accordance with DMRB CG 501 and DMRB LA 113 the proposed
highways and drainage design where possible limit impact on
Environment Agency Main Rivers and ordinary watercourses. Where
a watercourse has been disrupted by the proposed highways
alignment a proposed culvert has been sized appropriately to allow
the flow from the watercourse to be uninterrupted.

14.2.4.47  During detailed design the following will be required:

e All new culverts will be designed in accordance with DMRB CD
529 details and in consultation with relevant stakeholders (e.g.
LLFA or EA).

¢ All culverts with a diameter of 900mm and above will require
structural design

¢ [tis the design intention to maintain existing outfalls on existing
watercourse and to not increase the discharge rate of these
outfalls (see Table 13: Temple Sowerby to Appleby existing
discharge rates)

o Where new outfalls are required the individual outfall details will be
designed in accordance with DMRB CD 529 and in consultation
with relevant stakeholders (e.g. LLFA or EA).

Land drainage and overland flow

14.2.4.48  Where land outside of the highway corridor falls towards the highway,
cut-off drainage has been provided as part of the design. Cut-off
drainage will intercept and convey overland flow around the highway
corridor, so that this flow does not enter the highway drainage system
or cause flooding issues on the proposed highway.

14.2.4.49  Proposed cut-off drainage ditches will be of a minimum depth of 0.75
meters and will outfall to the nearest watercourse (see Annex A).

14.2.4.50  Cut-off drainage will intercept and convey overland flow around the
highway corridor, so that this flow does not enter the highway
drainage system or cause flooding issues on the proposed highway.

Karst Risk

14.2.4 .51 Karst is an area of land formed of rock such as limestone that is worn
away by water to make caves and other formations.
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14.2.4.52 Karst Risk, is a natural human induced hazard in karst areas,
resulting in dissolution of soluble rocks such as limestone, dolomite,
and gypsum, potentially resulting in collapse or sink holes.

14.2.4.53 Infiltration systems must not be used close to dissolution features. All
ponds and drainage systems to be lined where the karst risk is
classed as Medium or High.

14.2.4.54  Maintenance access to all drainage systems shall be provided to
allow a suitably experienced and qualified professionals to monitor
karst risk regularly.

Flood Risk Assessment
Data collection

14.2.4.55  The risk of flooding to the development has been assessed on readily
available information, published on the Environment Agency website.

14.2.4.56 In addition to readily available information, JBA has undertaken
baseline hydraulic modelling of existing watercourse/culvert
crossings. This modelling establishes flooding in the vicinity of the
existing AG6.

Flood risk vulnerability classification

14.2.4.57  Guidance for flood risk vulnerability for new development sites is set
out in the Government planning portal for flood risk and coastal
change. Table 6: Flood risk vulnerability classification is used as a
guide to help determine if new development sites should or should
not be permitted, based upon the vulnerability classifications set out
on the planning portal.

14.2.4.58 In accordance with DMRB LA 113, NI/1.7, the development is
classified as “Essential Infrastructure”. The development is therefore
permitted providing it is located within Flood Zones 1 or 2, with the
exception test required if located in Flood Zones 3a or 3b.

Sequential Test

14.2.459  As part of a Flood Risk Assessment a sequential test is required
when the proposed development is located within Flood Zone 2 or 3.
The sequential test compares the proposed site with other available
sites to find out which has the lowest flood risk.

14.2.4.60 The design team considered alternative alignments which would still
meet the Project requirement to dual the A66 from the M6 to the
A1(M).

14.2.4.61 As part of this review, a total of 15 principal alternative routes or
combination of routes were identified, considering potential
environmental impacts, Project design principles, impacts on
landowners, buildability, and design safety.

14.2.4.62 A full extensive write up of this review can be seen in Project
Development Overview Report (Application Document 4.1).
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14.2.4.63  This review identifies the proposed route is the most favourable with
the least environmental impacts, impacts on landowners, buildability,
design safety, whilst maintaining Project design principles.

Exception Test

14.2.4.64  The proposed scheme is located within flood zone 3. In accordance
with Table 2 of the Flood Risk and Coastal Change guidance, the
proposed alignment has been assessed as being Essential
Infrastructure and therefore the exception test is required.

14.2.4.65 The 2 parts to the test require the proposed development to show that
it will provide wider sustainability benefits to the community that
outweigh flood risk, and that it will be safe for its lifetime, without
increasing flood risk elsewhere and where possible reduce flood risk
overall.

14.2.4.66  To answer the first part of the assessment, refer to Case for the
Project (Application Document 2.2) which highlights the Social,
Environmental and Economic benefits for the proposed Nationally
Significant Infrastructure Project. Including:

o safety — a consistent standard of dual carriageway, to reduce the
number of accidents. Use of the ‘old’ A66 as part of the local road
network will provide better, safer routes for cyclists and
pedestrians.

e connectivity — improving connectivity for people living and working
nearby and creating better facilities for cyclists and pedestrians.
Reducing congestion and improving the reliability of people’s
journeys between the M6 at Penrith and the A1(M) Scotch Corner
and nationwide. It also improves connectivity between the key
employment areas of Cumbria, Tees Valley and Tyne and Wear.

e environmental — minimising noise levels for people living and
working near the route and reducing the congestion currently
occurring in the single carriageway sections. The scheme is also
being designed to minimise any potential negative impacts on the
natural environment and landscapes of the North Pennines and
Lake District.

e economic — improving strategic regional and national connectivity,
particularly for hauliers. Heavy goods vehicles account for a
quarter of all traffic on the road and any delays to journeys can
have an extremely negative effect on business and commerce,
including lost working time and missed shipment slots.

e tourism — improving access to key tourist destinations such as the
North Pennines and Lake District.

e community — re-connecting communities and providing better links
between settlements along the route as well as improving access
to services such as healthcare, employment areas and education.

e capacity — reducing delays and queues during busy periods and
improving the performance of key junctions such as the A66/A6
and the M6 junction 40.
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¢ increasing reliability — an improved A66, will lead to less accidents
which, in turn, makes the road more reliable. Also, having a dual
carriageway provides the option to close lanes where required due
to accidents or break downs and keep traffic moving

14.2.4.67  To answer the second part of the Exception test, refer to the Flood
Risk Mitigation section below which outlines how the scheme
proposes to mitigate flooding of the carriageway and downstream of
the scheme.

14.2.4.68 The proposed design will be constructed to remain operational and
safe in times of flooding from fluvial, surface water and groundwater
sources.

14.2.4.69 The proposed design results in no net loss of flood plain storage as
outlined in the Flood Compensatory Storage section below. This has
been achieved using level for level compensatory storage for
locations where the alignment has been raised outside of the flood
level.

14.2.4.70  The design does not impede existing water flows as cut of ditches
intercept overland flows and conveys water in a controlled manner to
its receiving watercourses.

14.2.4.71 As demonstrated in Case for the Project (Application Document 2.2),
the AG6 constitutes nationally significant Essential Infrastructure. The
improvements proposed for the A66 will provide wider sustainability
benefits to the community that outweigh the flood risk posed by the
exceptional circumstances which would result in a reservoir breach
scenario. The Exception Test would therefore be satisfied by the
proposed A66 improvements for Temple Sowerby to Appleby.

Flooding from rivers or the sea

14.2.4.72 Baseline flood risk from rivers and sea using Environment Agency
data is shown on ES Figure 14.2: Existing Flood Risk (Application
Document 3.3).

14.2.4.73  On review of the Environment Agency Flood Map for Planning it is
noted that there are areas of the existing A66 that is located within
Flood Zone 3. The Flood Zone 3 area for the scheme is located at the
proposed viaduct over Trout Beck. Flood Zone 3 is defined as land
assessed as having a 1 in 100 or greater annual probability of river
flooding (1%), or 1 in 200 or greater annual probability of sea flooding
(0.5%) (Land shown in dark blue on ES Figure 14.2: Existing Flood
Risk (Application Document 3.3)).

14.2.4.74  There are also areas of the existing A66 and the scheme that are
located within Flood Zone 2. Flood Zone 2 is defined as land having
between a 1 in 100 and 1 in 1,000 annual probability of river flooding:
or land having between a 1 in 200 and 1 in 1,000 annual probability of
sea flooding.
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