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1 Introduction

1.1.1 The A12 between Junction 19 and Junction 25 in Essex is to be upgraded and is
referred to as the “proposed scheme” hereafter. An application for Development
Consent Order (DCO) will be made as this is a Nationally Significant
Infrastructure Project (NSIP). The DCO submission is programmed for Summer
2022. The project is currently at the preliminary design stage.

1.1.2 This report outlines the drainage design development process involved in arriving
at the current highway drainage design solutions for the proposed scheme in the
vicinity of Junction 19. This report has been developed to address the concerns
of the affected landowners regarding the landtake requirements for the proposed
highway drainage which were raised during the consultation process. The report
Is aimed at the affected Junction 19 landowners and their supporting technical
representatives. Therefore, it is assumed that with the support of the technical
representatives the Junction 19 highway drainage design information presented
in this report can be read and understood by all the aforementioned parties. This
report describes the following (in the order of discussion within the report):

e Section 2 - Describes the highway improvement works in the vicinity of
Junction 19 as part of the proposed scheme. The highway improvement works
primarily involve online highway widening works;

e Section 3 - Describes the existing highway drainage in the vicinity of
Junction 19 in general terms to provide background on how the existing
highway drainage outfall locations and existing catchment areas have
informed the proposed highway drainage design;

e Section 4 - Presents the proposed highway drainage design rational and
design criteria including the climate change guidance followed, the drainage
design standards and guidance followed, the allowable discharge rate
calculation methodology, the attenuation storge sizing criteria and the
proposed outfall discharge hierarchy which informs the proposed outfall
locations.

e Section 5 — Describes the design development of the proposed highway
drainage solutions for the proposed scheme in the vicinity of Junction 19.
These proposed highway drainage solutions encompass six proposed
highway drainage catchments, namely the proposed S1-OU1, S1-OUT7A,
S1-0U10, S1-OU10A, S1-0OU11 and S1-OU12 catchments.

e Section 6 — Describes the attenuation storage (i.e. attenuation ponds and
underground geocellular attenuation storage systems) design principles and
constraints that inform the resulting attenuation storage areal footprints /
landtake requirements. This includes criteria such as attenuation pond side
slopes, design depth constraints, the presence of site constraints (e.g. nearby
floodplains, steep terrain, etc.) and so forth.

e Section 7 - Describes the design development process involved in
determining the selected attenuation storage locations and the design

Planning Inspectorate Scheme Ref: TR010060

Application Document Ref: TR010060/EXAM/9.11 Page 1



- national
A12 Chelmsford to A120 widening scheme highwavs

A12 JUNCTION 19 SURFACE WATER DRAINAGE DESIGN

constraints that resulted in the alternative attenuation storage locations being
discounted.

2 Proposed Highway Improvement Works in the
Vicinity of Junction 19

2.1.1 At the time of writing this report, the existing Junction 19 is being improved as
part of the Beaulieu Park development. The changes are being made by the
Developer of the Beaulieu Park development, and the construction is due to be
completed by early 2023. As construction of the highway improvements required
for the Beaulieu Park are due to be completed before construction of the
proposed scheme begins, these improvements have been taken into account in

the proposed scheme design proposals. The proposed Al2 scheme would
deliver additional highway improvements to Junction 19, including:

e Additional lanes on Boreham Bridge (i.e. symmetrical widening);

e Additional lanes on Generals Farm Roundabout;

e Additional lanes on Generals Lane Roundabout and adjoining access roads;
e Realigned A131 (Radial Distributor Road — RDR);

e Online widening of the A12 mainline southbound carriageway to the north and
south of Junction 19;

e Online widening of the A12 mainline northbound carriageway to the north of
Junction 19;

e Online widening of the adjoining Main Road (B1137) heading east towards
Boreham;

e Online widening of the Junction 19 southbound on-slip road;
e Online widening of the Junction 19 southbound off-slip road,;

e Online widening of the A138 side road located along the northern side of
Junction 19;

e Addition of paved area to Payne’s Lane WCH (Walking, Cycling and Horse
Riding) route; and

e Addition of the Junction 19 northbound on-slip road (i.e. adjoining General’s
Lane Roundabout).

2.1.2 The proposed Al2 scheme highway improvement works in the vicinity of
Junction 19 are illustrated and labelled in Plate 2.1 below.

Planning Inspectorate Scheme Ref: TR010060
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Reproduced by permission of Ordnance Survey on behalf of HMSO. @
Crown copyright and database right 2020. All rights reserved. Ordnance
Survey Licence number 100030649

Plate 2.1 Proposed Highway Improvement Works in the Vicinity of Junction 19
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3

3.1.1

3.1.2

3.1.3

3.1.4

3.1.5

Existing Highway Drainage

The existing highway drainage information for the Al12 in the vicinity of
Junction 19 has been obtained primarily from drainage surveys (i.e. drainage
connectivity and condition assessment surveys (CCTV surveys)) that were
undertaken prior to the preliminary design stage. Other sources of information
related to existing highway drainage included the National Highways’ Drainage
Data Management System (i.e. HADDMS), available drainage construction
drawings/As-Built drainage records and limited topographical survey information
for existing outfalls and watercourse alignments in the vicinity of existing outfalls.
These combined sets of information were used to determine the existing highway
drainage features, drainage catchments, outfall arrangements and existing
culvert crossings within the footprint of the proposed scheme extent.

Using the existing drainage information sources described above the existing
highway drainage catchment extents and associated outfalls have been identified
in the vicinity of Junction 19. Based on the assessment of the aforementioned
drainage information sources the primary drainage elements identified within the
proposed scheme extent at Junction 19 includes the following surface water
drainage edge collection features:

e Concrete surface water channels with catchpit gratings at regular intervals;
e Kerb inlet gullies and traditional kerb / gully drainage arrangements;

e Combined kerb drainage alignments; and

e Filter drains.

The existing highway drainage systems within the proposed scheme extent in the
vicinity of Junction 19 are generally found to have outfalls discharging to nearby
watercourses (either Ordinary Watercourses or Main Rivers) depending on their
proximity to the highway or existing highway drainage systems.

As described in Section 2 the highway drainage currently being constructed by
the Developer of the Beaulieu Park development on Junction 19 will be retained
as part of the existing highway drainage for the proposed scheme. The highway
drainage being constructed by the Developer includes two underground
attenuation storage systems located within the Generals Lane Roundabout and
Generals Farm Roundabout respectively. These underground geocellular
attenuation storage systems will be retained as part of the proposed scheme
highway drainage.

The Junction 19 existing highway drainage catchment extents, the associated
outfalls and receiving watercourses are illustrated in Plate 3.1 below

Planning Inspectorate Scheme Ref: TR010060
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4

4.1
4.1.1

4.1.2

4.1.3

4.1.4

4.2
4.2.1

Proposed Highway Drainage Design Rational and
Design Criteria

Highway Drainage Design Rational

The highway drainage design for the proposed scheme has primarily been
developed in accordance with the Design Manual for Roads and Bridges
(DMRB), CG 501 Design of Highway Drainage Systems. The proposed scheme
highway drainage design has also been supplemented with the following industry
standard guidance:

e The SuDS Manual C753 (CIRIA, 2015);

¢ Rainfall Runoff Management for Developments (Report No: SC030219) from
the Environment Agency (2013);

e Sewerage Sector Guidance Appendix C - Version 2.1 (Water UK, 2021);

e The Manual of Contract Documents for Highway Works (MCHW) (National
Highways, 2021); and

e Essex County Council SuDS Design Guide (Essex County Council, 2020);

For the proposed scheme highway drainage, where practicable, the existing
highway drainage and outfalls are to be retained. Otherwise, the proposed
highway drainage will be provided as described below.

For surface water collection on open highway unimpeded by junction it is
proposed to use concrete lined surface water channels and / linear slot drainage
at the road edges and concrete lined surface water channels and / or slot
drainage along the central reserve. For surface water collection in the vicinity of
kerbed sections of the highway at intersections with local roads, highway
drainage through underpasses, road sections through urban areas, etc. it is
proposed to use combined kerb drainage and/or trapped gullies. With regard to
slip roads, where there is no kerbline proposed then a form of linear drainage will
be required to drain the proposed highway which could be either linear slot
drainage, filter drains, surface water channels or over-the-edge drainage. In the
instances where the verge is spatially constrained a linear slot drainage system
may be required to collect surface water runoff.

The collected surface water runoff will be conveyed by either carrier drains or
combined filter drains in most locations. Combined filter drains are used where
the proposed highway is located in cutting in order to collect the surface water
runoff from the proposed highway, intercept groundwater seepage from within
the highway cutting slopes in addition to conveying the collected surface water
and groundwater flows downstream to a nearby watercourse.

Outfalls Discharge Hierarchy

Outfalls are required at the downstream end of each highway drainage system
on the proposed scheme in order to discharge the collected surface water runoff
into a nearby receiving watercourses. For the proposed scheme highway
drainage in the vicinity of Junction 19, where practicable, the existing outfalls are

Planning Inspectorate Scheme Ref: TR010060

Page 6

Application Document Ref: TR0O10060/EXAM/9.11



- national
A12 Chelmsford to A120 widening scheme

highways

A12 JUNCTION 19 SURFACE WATER DRAINAGE DESIGN

4.3
4.3.1

4.3.2

4.3.3

4.4
4.4.1

to be retained. In situations where a proposed new outfall location is required due
to proposed highway geometry or site specific constraints the following outfall
discharge hierarchy (in order of preference) is followed:

e Groundwater (subject to the outcome of further ground investigation to
confirm ground infiltration rates, groundwater levels, potential contaminated
land presence, etc.);

e Nearby watercourses;

e Existing highway drainage system, where available, in the absence of a
nearby watercourse; and

e Existing foul sewer or combined sewer, where available, in the absence of the
above discharge options.

Sustainable Drainage Systems (SuDS)

Surface water drainage systems developed in line with the principals of
sustainable development are collectively referred to as Sustainable Drainage
Systems (SuDS). The objective of SuDS techniques is to minimise the impacts
from a proposed development on the quantity and quality of the surface water
runoff and to maximise the amenity and biodiversity opportunities. The Lead
Local Flood Authority (LLFA), Essex County Council, require that SuDS are
included within a proposed highway drainage design in accordance with the
Essex County Council SuDS Design Guide (Essex County Council, 2020).

The SuDS Manual C753 (CIRIA, 2015) has been consulted to establish the most
suitable SuDS techniques for the proposed scheme. The SuDS techniques that
have been used for the proposed scheme highway drainage in the vicinity of
Junction 19 include attenuation ponds, underground geocellular attenuation
storage systems and filter drains and are discussed in more detail in the site
specific proposed highway drainage catchment descriptions in Section 5.

It should be noted that the available preliminary Ground Investigation (Gl)
information indicates that infiltration techniques are unlikely to be feasible due to
the local geological ground conditions that prevail in the vicinity of Junction 19.
Therefore, a highway drainage design has been developed with an assumption
of “no infiltration” at the preliminary highway drainage design. As further Gl
information becomes available as the project progresses the feasibility of
infiltration will be re-visited on a site-by-site basis.

Climate Change Allowance

During the lifetime of the proposed scheme, surface water runoff rates and
volumes from the proposed carriageway paved surfaces may increase as a result
of the expected increase in rainfall intensity due to climate change. The effects
of climate change will have to be mitigated to minimise the risk of surface water
drainage flooding in the future. Climate change has been accounted for in the
proposed highway drainage design by increasing the peak rainfall intensity by a
climate change allowance of 20% for the 2080’s (i.e. central estimate for the
2080’s, 2070 to 2115, time interval). This is in accordance with current
Environment Agency (EA) climate change guidance (Environment Agency, 2021)

Planning Inspectorate Scheme Ref: TR010060
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4.4.2

4.5
45.1

45.2

4.6
4.6.1

as of the October 2021 update and the requirement for a 20% climate change
climate change allowance as stated in DMRB CG 501 Design of Highway
Drainage Systems (National Highways, 2020a).

In addition to a climate change allowance of 20% for all design storm events a
40% climate change allowance has been simulated as a sensitivity test for the
consequences of exceedance. This also in accordance with DMRB
CG 501 Design of Highway Drainage Systems (National Highways, 2020a).

Piped Drainage

In accordance with the requirements set outin DMRB CG 501 Design of Highway
Drainage Systems (National Highways, 2020a), surface water carrier drains and
filter drains within the proposed highway drainage systems are designed to
accommodate a 1 in 1 year return period storm event in-bore without surcharge
over the crown of the pipe. A design check is carried out to ensure that a 1 in 5
year return period storm event would not cause chamber surcharge levels to
exceed the level of the chamber covers. In both cases a climate change
allowance is applied to the piped drainage design as described in Section 4.4.

The proposed highway drainage system as a whole must be assessed for the
consequences of exceedance flows associated with the 1 in 100 year return
period storm event plus climate change allowance. Any surface water drainage
flooding associated with the aforementioned design event is to be contained
within the proposed scheme permanent acquisition of land boundary at depths
and velocities that would not represent a safety risk for road users.

Allowable Discharge Rates

The proposed scheme in the vicinity of Junction 19 will result in an increase in
paved area due to the proposed online widening works and proposed offline
highway additions. Without mitigation, this has the potential to increase the
surface water runoff rates realised locally. Therefore, mitigation is required to be
incorporated within the proposed highway drainage systems such that local flood
risk is not increased. The allowable discharge rates at proposed highway
drainage outfalls are determined using the following approaches depending on
the proposed highway options:

e Offline Highway Route Alignment — Proposed offline highway options will
largely be developed on greenfield sites. Therefore, it will be required that the
allowable discharge rates from the proposed highway drainage systems be
restricted to the existing site condition greenfield runoff rates for events up to
and including the 1 in 100 year return period storm event plus climate change
allowance (stated in Section 4.4).

e Online Highway Route Alignment — Proposed online highway options will
involve the widening of the existing A12 highway alignment. Therefore, the
allowable discharge rates are to be restricted to existing site condition surface
water runoff rates for a range of design events determined for the existing
highway drainage catchments. The existing surface water runoff rates are
estimated forthe 1in1,1in2,1in5and 1in 100 year return period storm
events by developing hydraulic models of the existing highway drainage

Planning Inspectorate Scheme Ref: TR010060
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4.6.2

4.6.3

4.6.4

4.6.5

4.7
4.7.1

systems. No allowance for climate change has been applied in determining
the allowable discharge rates given that current climatic conditions inform the
discharge rates for the proposed highway drainage systems.

Currently the minimum practicable allowable discharge rate used to inform the
proposed highway drainage design is 5l/s based on a minimum flow control
diameter of 100mm for both vortex flow control and orifice plate flow control
devices to reduce the risk of blockage. This is the minimum acceptable flow
control diameter according to Sewerage Sector Guidance (V2.1) (Water UK,
2021), the replacement guidance for Sewers for Adoption which states:

“Where debris can enter the control (e.g. where the upstream system is open or
where the inlets are gullies), static controls should have a minimum opening size
of 100 mm.”

This is also the minimum acceptable flow control diameter according to
Environment Agency Guidance — Rainfall Runoff Management for Developments
(SC030219) (On the UK Government GOV.UK website https://www.gov.uk/flood-
and-coastal-erosion-risk-management-research-reports/rainfall-run-off-
management-for-urban-developments) which states:

“Minimum limit of discharge rate: A practicable minimum limit on the discharge
rate from a flow attenuation device is often a compromise between attenuating to
a satisfactorily low flow rate while keeping the risk of blockage to an acceptable
level. This limit is set at 5 litres per second, using an appropriate vortex or other
flow control device.”

Attenuation Storage

To mitigate the expected increased surface water runoff rates and associated
potential increase in surface water flood risk to and from the proposed scheme,
attenuation storage systems are provided within the proposed highway drainage
design. The attenuation storage systems will be sized for design events up to and
including the 1 in 100 year return period storm event with a climate change
allowance applied to the chosen design storm to account for the anticipated
increase in rainfall intensity due to climate change. Attenuation storage is to be
provided in the form of attenuation ponds, underground geocellular attenuation
storage systems and oversized pipes depending on the site constraints. As
described in Section 4.4 of this report, in addition to a climate change allowance
of 20% for all design storm events a 40% climate change allowance has been
tested as a sensitivity test for the consequences of exceedance for the 1 in 100
year return period storm event plus 40% climate change allowance. Attenuation
ponds are the preferred means of attenuation storage where there is sufficient
space available given that they are grassed SuDS features at the ground surface
as opposed to being buried underground (i.e. more accessible for periodic
maintenance compared to underground geocellular attenuation storage systems
and oversized pipes). This is in line with the drainage design guidance in the
SuDS Manual (CIRIA C753, 2015) and the requirements set out within the ECC
SuDS Design Guide (Essex County Council, 2020) that both promote the
maximising of landscape, biodiversity and amenity opportunities.
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4.8
4.8.1

4.8.2

4.9
4.9.1

4.9.2

4.9.3

4.9.4

Exceedance Flow Assessment

The performance of the proposed highway drainage systems are assessed
against extreme rainfall events to ensure that the level of flood risk is acceptable
for road users and that there is no potential surface water drainage flooding
Impacts to third party land outside the proposed scheme permanent acquisition
of land boundary. This process is referred to as an exceedance flow assessment.

To meet the level of service described in Sections 4.4, Section 4.5 and
Section 4.7 the proposed highway drainage systems have been assessed for the
following design events in the exceedance flow assessment:

e The 1 in 100 year return period storm event (plus 20% climate change
allowance) for storm durations ranging from 15 minutes to 24 hours to
establish the critical storm duration.

e The 1 in 100 year return period storm event (plus 40% climate change
allowance) for storm durations ranging from 15 minutes to 24 hours as a
sensitivity test for the consequences of exceedance.

Water Quality

In order to protect the receiving waterbodies from a potential increased pollution
risk as a result of the proposed scheme, water quality treatment measures are
provided within the proposed highway drainage systems for some drainage
catchments in line with the principles of SuDS, where practicable.

Water quality assessments have been undertaken for the proposed scheme in
accordance with the National Highways (previously Highways England) Water
Risk Assessment Tool (HEWRAT) and the standards outlined in DMRB, with
specific reference to DMRB LA 113: Road Drainage and the Water Environment
(RDWE) Revision 1 (National Highways, 2020b), to assess the potential risk to
the water quality of receiving waterbodies and provide recommendations for
mitigation measures as appropriate.

In addition to the water quantity and biodiversity benefits, the inherent nature of
some of the proposed SuDS features used on the proposed scheme in the vicinity
of Junction 19, namely attenuation ponds and combined filter drains, will provide
treatment of surface water runoff prior to discharge to the receiving watercourse.
The SuDS features incorporated within the proposed scheme highway drainage
systems can provide the following surface water treatment benefits:

e Attenuation Ponds — Sediment forebays are to be provided at the inlet of all
proposed attenuation ponds which will provide effective pre-treatment
(i.e. removal of coarse sediments) and ensure ease of maintenance during
the removal of any such collected coarse sediments.

e Combined Filter Drains — Combined filter drains should provide some
treatment by filtering out fine sediments, metals, hydrocarbons and other
pollutants as the surface water runoff percolates down through the trench fill
material overlying the perforated filter drain.

Elsewhere, where space constraints prevent the use of attenuation ponds,
underground geocellular attenuation storage systems have been employed.
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5.1
5.1.1

5.1.2

5.1.3

These systems do not have the same water quality benefits as described above
for attenuation ponds.

Proposed Highway Drainage Solutions
Development

Proposed Drainage Design Development Approach

The proposed scheme highway drainage design solutions in the vicinity of
Junction 19 have been developed in line with the proposed drainage design
rational and drainage design criteria described in Section 4. The impacts from the
proposed highway improvement works in the vicinity of Junction 19 have been
identified (i.e. increase in paved area) including their interface with the existing
highway drainage system. The existing drainage catchments and outfall
arrangements have been retained where practicable. New outfalls have been
introduced where the proposed highway drainage design solutions (i.e. informed
by the proposed highway geometry) were found to have site specific constraints
and as a result the existing outfalls/drainage catchment arrangements could not
be retained. It should be noted that the highway drainage currently being
constructed by the Developer on Junction 19 as part of the Beaulieu Park
development has been taken into account in the development of proposed
scheme highway drainage solutions.

As described in Section 2, the proposed scheme in the vicinity of Junction 19 will
result in an increase in paved area due to the proposed online widening works
and proposed offline highway additions. This will potentially increase the surface
water runoff rates which would therefore need to be restricted to mitigate the
potential increase in flood risk. To mitigate the expected increased surface water
runoff rates and the associated potential increase in surface water flood risk to
and from the proposed scheme, attenuation storage is introduced at appropriate
locations within the proposed highway drainage systems. Where required an
appropriate flow control device is proposed immediately downstream of the
proposed attenuation storage that will restrict the discharge rates to achieve the
required allowable discharge rates. Flow controls typically proposed include
vortex flow control devices, orifice plates, reduced diameter outlet pipes or a
vortex flow control device / orifice plate combination. In the vicinity of
Junction 19 attenuation storage is primarily achieved in the form of above ground
attenuation ponds and underground geocellular attenuation storage systems
depending on the site specific constraints. Oversized pipes have been used to
offer online attenuation storage for proposed scheme locations that are subject
to spatial constraints.

The attenuation storage locations have been sized for design events up to and
including the 1 in 100 year return period storm event with a climate change
allowance applied to the chosen design storm to account for the anticipated
increase in rainfall intensity due to climate change. The volume of the attenuation
storage required throughout the proposed scheme is optimised by running
simulations in the MicroDrainage software package for the 1 in 100 year return
period storm event plus climate change allowance (and various storm durations
from 15 minutes up to and including 24 hours) to establish the critical storm
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event(s). The proposed scheme discharge rates (i.e. allowable discharge rates)
are restricted to the existing site condition surface water runoff rates where the
existing drainage outfall arrangements have been retained and are estimated as
described in Section 4.6. As described in Section 4.6 a minimum practicable
allowable discharge rate of 5 I/s is used to inform the proposed highway drainage
design. As described in Section 4.8, in addition to a climate change allowance of
20% for all design storm events a 40% climate change allowance has been
simulated as a sensitivity test for the consequences of exceedance.

514 It should also be noted that where the existing highway drainage network is
affected by the online highway widening works and / or the highway
upgrade/maodifications, such highway interventions have been largely kept within
the proposed highway improvement works footprint (i.e. where the construction
of new paved areas are required) so as to minimise the impact from the proposed
scheme. The proposed highway drainage solutions have also been developed to
minimise the potential impact to existing underground services which could
require potential service diversions and thereby impact the adjacent land.

5.1.5 The proposed highway drainage catchment extents, the associated outfalls and
receiving watercourses are illustrated in Plate 5.1 below. In Plate 5.1 the
modelled fluvial floodplain extents shown for the Boreham Brook are for the
1 in 100 year return period storm event plus 65% climate change allowance as
per Environment Agency (EA) guidance (Environment Agency, 2021) as of the
October 2021 update. The Boreham Brook has been modelled in the vicinity of
the A12 mainline due to the proposed highway widening works in the vicinity. The
fluvial flood extents shown for the River Chelmer are based on EA flood zones 2
and 3. The River Chelmer flood extents have not been specifically modelled for
the proposed A12 scheme as the proposed highway works do not extend to the
River Chelmer as shown in Plate 5.1. The proposed highway drainage system
layouts are presented in Appendix A — Junction 19 Proposed Drainage System
Layouts. The proposed case hydraulic modelling results for the 1 in 1, 1 in 2,
1lin5and 1in 100 year storm return period design events including the climate
change allowance requirements described in Section 4.4 are presented in
Appendix B — Junction 19 Proposed Drainage System Hydraulic Modelling
Results.

5.1.6 The design development process for the proposed highway drainage catchments
shown in Plate 5.1, including the potential alternative locations assessed for the
attenuation storage locations, are described further in the subsequent
sub-sections, namely Section 5.2 to Section 5.4. It should be noted that the
existing highway drainage catchments S1-OU7 and S1-OU8 are not affected by
the proposed highway improvement works in the vicinity of Junction 19 and are
therefore not assessed further in the development of the proposed highway
drainage design solutions.
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Plate 5.1 Proposed Scheme Highway Drainage Catchments / Outfall Locations / Attenuation Storage Locations in the
Vicinity of Junction 19

Planning Inspectorate Scheme Ref: TR010060
Anpplication Document Ref: TR010060/EXAM/9.11

Page 13



A12 Chelmsford to A120 widening scheme

A12 JUNCTION 19 SURFACE WATER DRAINAGE DESIGN

national
) highways

5.2 Proposed Catchment S1-OU1 and OU7A

5.2.1 As described in Section 2, the proposed S1-OU1 catchment is comprised of a
portion of the A12 mainline, the Junction 19 southbound off-slip road, the
Junction 19 northbound off-slip road, sections of the existing Boreham
Interchange Roundabout and the adjoining A130 located to the south-east, the
southbound lane of the A130 between the existing Boreham Interchange
Roundabout and Generals Lane Roundabout, Generals Lane Roundabout, the
A138 adjoining Generals Lane Roundabout and the proposed A131 (Radial
Distributor Road - RDR). The A12 mainline southbound carriageway, the
Junction 19 southbound off-slip road, Generals Lane Roundabout and the
adjoining A130 are all subject to online widening works. The proposed S1-
OUTA catchment is comprised of Boreham Bridge, Generals Farm Roundabout
and the Junction 19 southbound on-slip road from the Generals Farm
Roundabout to its tie-in with the A12 mainline further south. The
aforementioned proposed highways are all subject to online widening works.
The proposed S1-OU7A drainage catchment was part of the existing S1-OU1
drainage catchment. However, it is now separated out due to potential spatial
constraints in providing attenuation storage for the S1-OU7A catchment and
other site-specific constraints. The aforementioned site specific constraints
associated with the proposed S1-OU7A catchment are described in further
detail in Sections 5.2.3 t0 5.2.8.

5.2.2 The existing and proposed site condition paved areas and any permeable
catchment areas draining into the proposed highway drainage systems for the
proposed S1-OU1 and S1-OU7A catchments are presented in Table 5.1 below.

Table 5.1 Paved Area Summary for the Proposed S1-OU1 and S1-OU7A Catchments

Existing New Total Total
Proposed Proposed
Proposed Paved Paved Paved Permeable Catchment Specific
Catchment Area* Area Area* Area* Comments
(ha) (ha) (ha) (ha)
The existing paved area
(7.356ha) is associated with
the existing S1-OU1
catchment that has been
divided up between the
7.356 proposed S1-OU1 catchment
S1-0U1l 0.984 7.710 5.403 and the proposed S1-OU7A
(6.726) catchment (i.e. 6.726ha will

be retained within the
proposed S1-OU1 catchment
boundary while 0.63ha will be
drained to the proposed
S1-OU7A catchment)
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- Total Total
E;;S\/tégg Pgt\a/\;vd Proposed Proposed .
Proposed " Paved Permeable Catchment Specific
Catchment Area Area Area* Areats Comments
(ha) (ha) (ha) (ha)
The existing paved area is
associated with the existing
S1-OU1 catchment portion
0 contained within the
S1-OU7A 0.210 0.840 0.565 proposed S1-OU7A
(0.630) catchment boundary (see the
catchment specific comments
for the proposed S1-OU1
catchment)

* The total proposed paved area is the sum of the existing paved area (adjusted existing paved area presented in brackets, where
applicable) to be retained and the additional new paved area which will form the proposed highway drainage catchment areas in the
vicinity of the proposed Junction 19.

** Permeable catchment areas include grassed verges, grassed roundabout centre islands, cut slopes, embankment slopes, etc. that
drain into the proposed highway drainage systems.

5.2.3

5.24

Proposed Catchment S1-OU7A Necessity

Whole Proposed S1-OU1 Catchment

An initial assessment of the proposed S1-OU1 catchment (referred as the “whole
proposed S1-OU1 catchment”, prior to requiring the catchment split into the
proposed S1-OU1 and proposed S1-OU7A catchments) was undertaken with a
view to retain the existing S1-OU1l catchment and outfall arrangement. The
hydraulic model for the whole proposed S1-OU1 catchment was tested with all of
the additional paved area from the online widening works introduced as part of
proposed scheme and with the works currently being undertaken at Junction 19
by the developer of the Beaulieu Park development (i.e. including the
underground attenuation storage systems at Generals Lane Roundabout and
Generals Farm Roundabout as these drainage works would be retained as part
of the proposed scheme). The hydraulic performance of the whole proposed case
S1-0OU1 catchment was assessed against the drainage design criteria described
in Section 4 and the proposed drainage design assessment approach discussed
in Section 5.1. It is noted that the existing northbound carriageway and central
reserve of the A12 mainline throughout the whole proposed S1-OU1 catchment
are outside the proposed highway works extents. Therefore, the associated
existing highway drainage systems would be unaffected and are proposed to be
retained.

The proposed highway drainage interventions for Junction 19 and the associated
slip roads (i.e. in the form of the upgrade and replacement of the existing highway
drainage and associated attenuation storage requirements) were kept local to
mitigate/restrict the increased surface water flows to the A12 mainline existing
highway drainage system as a result of the proposed widening works and climate
change allowance. Providing such local interventions and limiting the surface
water flow rates locally prior to connecting back into the existing A12 mainline
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highway drainage prevented the exacerbation of the surface water flood risk
within the wider catchment and reduced a significant amount of existing highway
drainage replacement works. The local highway drainage interventions provided
within the proposed S1-OU1 and S1-OU7A catchments are shown in Plate 5.2
and summarised in the following bullet points below.

e Junction 19 Southbound Off-Slip Road — The existing Junction 19
southbound off-slip road, proposed to be widened and extended along the
A12 mainline southbound carriageway, currently drains into the existing A12
mainline  highway drainage system. The existing drainage
connection/discharge from the Junction 19 southbound off-slip road
catchment has been retained. The increased surface water flows as a result
of the highway widening works and climate change allowance have been
attenuated in the form of an underground geocellular attenuation storage
system (shown as proposed geocellular attenuation storage system no. 1 in
Plate 5.2). The attenuated flows have been restricted with the use of an orifice
flow control device prior to discharging back into the existing highway
drainage system serving the A12 mainline.

e Generals Lane Roundabout — The existing underground attenuation storage
system located within Generals Lane Roundabout is to be retained to provide
mitigation for the increased paved area associated with the proposed highway
improvement works and climate change impact in the vicinity of the Generals
Lane Roundabout. In addition to retaining the aforementioned existing
underground attenuation storage system, an additional proposed
underground geocellular attenuation storage system (i.e. shown as proposed
geocellular attenuation storage system no. 2 in Plate 5.2) is proposed within
the southern portion of the roundabout to mitigate the increased surface water
flows from the southern portion of the roundabout and the adjoining A138 to
the west. The introduction of further underground geocellular attenuation
storage (shown as proposed geocellular attenuation storage system no. 3 in
Plate 5.2) is required downstream of the two previously described
underground attenuation storage systems to provide additional attenuation to
the surface water flows from the roundabout sub-catchment prior to
discharging to the existing highway drainage located along the A130 to the
south of Generals Lane Roundabourt.

e A12 Mainline — The proposed S1-OUl catchment attenuation pond is
provided to mitigate for the increased paved area due to the proposed
widening of the A12 mainline southbound carriageway located to the south of
Junction 19 and to account for the climate change allowance. This enables
the proposed S1-OU1 catchment to be discharged to the River Chelmer at
discharge rates not exceeding those of the existing case S1-OU1 catchment.
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Plate 5.2 Drainage Interventions for the Proposed S1-OU1 and S1-OU7A Catchments
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Proposed S1-OU7A Catchment Separated Out from the Whole Proposed
S1-OU1 Catchment

5.2.5 The above-described highway drainage design approach of using local highway
drainage interventions was assessed for the proposed S1-OU7A catchment while
it was considered as part of the whole proposed S1-OU1 prior to the eventual
proposed catchment separation. However, this approach was found to be
unfeasible and therefore a new outfall arrangement for the proposed S1-OU7A
catchment was required for the following reasons / constraints:

e Junction 19 Southbound-On Slip Road Highway Widening Works - The
existing highway drainage serving Generals Farm Roundabout and the
Junction 19 southbound on-slip road could not be retained and would need to
be replaced due to the online highway widening works. The existing highway
drainage serving the south-eastern slip road required upgrading due to the
proposed increased paved areas on Boreham Bridge, the Generals Farm
Roundabout and along the proposed Junction 19 southbound on-slip road.
These upgrade works to the existing highway drainage system along the
Junction 19 southbound on-slip road was hydraulically tested with a
connection back into the A12 mainline highway drainage system as per the
existing case (i.e. existing slip road highway drainage connects into an
existing chamber located in the A12 mainline central reserve). Due to the
increased surface water flows discharging to the Al2 mainline highway
drainage system in the proposed case compared to the existing case, this
would result in an increased flood risk from the Al2 mainline highway
drainage system. This increased flood risk would be unacceptable as it does
not comply with the surface water drainage design criteria described in
Section 4 and would also potentially put road users at increased risk.

e Unfeasible Junction 19 Southbound On-Slip Road Highway Drainage
Connection into the A12 Mainline Highway Drainage — An alternative
solution to extend the proposed highway drainage from the Junction 19
southbound on-slip road and connect it into the proposed highway drainage
serving the Al12 mainline southbound carriageway was found to be
unfeasible. This was due to a potential limited vertical clearance issue
(i.e. potential clash) with an existing culvert crossing (i.e. existing Culvert
CL-02 shown in Plate 5.2). Potential clashes with existing underground
utilities were also identified that would have a significant impact on the utilities
and require complex utility diversions and associated increased landtake
requirements adjacent to the A12 mainline for new utility corridors.

e Inadequate Online Attenuation Storage Capacity within the Junction 19
Southbound On-Slip Road Highway Drainage - The upgrades to the
Junction 19 southbound on-slip road highway drainage would not provide
adequate online attenuation storage to mitigate for the increased paved area
associated with the highway widening works. The additional surface water
flows arising from the increased paved area and the applied climate change
allowance could not be sufficiently attenuated through the use of online
storage in oversized pipework and the existing underground attenuation
storage system built by the developers as part of the Beaulieu Park
development. The discharge of unattenuated increased surface water flows
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from the proposed Junction 19 southbound on-slip road to the existing A12
mainline highway drainage would exceed the capacity of the existing highway
drainage system, resulting in larger exceedance flows and increased surface
water drainage flood risk. This increased flood risk would be unacceptable as
it does not comply with the drainage design criteria described in Section 4 and
would also potentially put road users at increased risk. Also, it should be noted
that if online attenuation storage in oversized pipework was provided for a
portion of the increased surface water flows, the depth of the proposed
highway drainage system would need to increase to accommodate the larger
diameter pipework. The increase in the depth of the proposed highway
drainage system would prevent the connection of the proposed highway
drainage to the A12 mainline highway drainage system as per the existing
case (i.e. existing slip road highway drainage connects into an existing
chamber located in the A12 mainline central reserve) thereby making the
proposal of using oversized pipes unfeasible.

5.2.6 Due to the above-described site specific constraints, Boreham Bridge, Generals
Farm Roundabout and the Junction 19 southbound on-slip road have been
separated out from the original whole proposed S1-OU1 catchment to create a
new catchment (i.e. proposed S1-OU7A catchment) with an outfall to Ordinary
Watercourse 2 (See Plate 5.2). As the proposed S1-OU7A catchment is a new
catchment with a new outfall location, a minimum practicable allowable discharge
rate of 5 I/s has been utilised (as defined in Section 4.6) to mitigate flood risk to
the receiving watercourse and to size the attenuation pond for the proposed
S1-OU7A catchment. The outfall discharge rate will be controlled by a vortex flow
control device with the flow backing up into the proposed highway drainage
system and into the proposed attenuation pond. The design options taken into
account to inform the proposed attenuation pond potential locations are
discussed in Section 7.3.

5.2.7 The new proposed S1-OU1 catchment (minus the above-described proposed
S1-OU7A catchment) will largely retain the existing catchment arrangement,
however, it will require a new outfall to the River Chelmer to provide a positive
outfall downstream of the proposed attenuation pond. The existing case
brownfield allowable discharge rates associated with the existing S1-OU1
catchment have been determined through the hydraulic modelling of the relevant
existing highway drainage systems to inform the proposed highway drainage
design requirements (including the attenuation storage volumes). It is proposed
to attenuate the surface water runoff from the proposed S1-OU1l catchment
through the provision of an attenuation pond as shown in Plate 5.2. Refer to
Appendix C which presents the proposed discharge rates, the attenuation
storage volumes and the flow control device types / diameters to be employed
for the proposed S1-OU1 and S1-OU7A catchment highway drainage systems.

5.2.8 The proposed drainage system layout plans are presented in Appendix A —
Junction 19 Proposed Drainage System Layouts. The proposed case hydraulic
modelling results for the 1in 1, 1in 2, 1in 5 and 1 in 100 year return period
design events plus climate change allowance are presented in Appendix B —
Junction 19 Proposed Drainage System Hydraulic Modelling Results.
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5.3
5.3.1

Proposed Catchment S1-OU10 and S1-OU10A

The proposed S1-OU10 catchment is associated with the existing B1137
(Main Road) near Boreham which spurs off Junction 19 and heads east. As
described in Section 2 the B1137 local road here is subject to widening works
from Junction 19 to its eventual tie-in to the existing B1137 carriageway
approximately 230m east from Junction 19. The proposed S1-OU10A catchment
is associated with the proposed Payne’s Lane access road that is to be removed
and replaced to provide a new bridleway access to a proposed WCH overbridge
near the Al12 mainline carriageway (i.e. north of the B1137) as shown in
Plate 5.1. The existing and proposed site condition paved areas and any
permeable catchment areas draining into the proposed highway drainage
systems for the proposed S1-OU10 and S1-OU10A catchments are presented in
Table 5.2 below.

Table 5.2 Paved Area Summary for the Proposed S1-OU10 and S1-OU10A

Catchments
. Total Total
2O NS Proposed | Proposed
Proposed Paved Paved Paved  Permeabl cgaich Specific C
Catchment Area* Area iy By oo atchment Specific Comments
(ha) (ha) (ha) (ha)

Proposed online widening works
on the B1137 local road. The
existing paved area is associated

S1-0U10 0.531 0.127 0.658 0.102 with the existing B1137 local road
footprint contained within the
proposed S1-OU10 catchment
boundary
Proposed online highway
improvement works to Payne’s
Lane. The existing paved area is

S1-OU10A 0.011 0.099 0.110 0.014 associated with the existing
Payne’s Lane footprint contained
within the proposed S1-OU10A
catchment boundary

*The total proposed paved area is the sum of the existing paved area (adjusted existing paved area presented in brackets, where applicable)
to be retained and the additional new paved area which will form the proposed highway drainage catchment areas in the vicinity of the
proposed Junction 19.

**Permeable catchment areas include grassed verges, grassed roundabout centre islands, cut slopes, embankment slopes, etc. that drain
into the proposed highway drainage systems.

5.3.2

The proposed S1-OU10 and S1-OU10A catchments will discharge to chambers
located on the existing highway drainage system serving the B1137 (Main Road)
as shown in Plate 5.1 previously. The existing case brownfield allowable
discharge rates to be used for the proposed S1-OU10 and S1-OU10A
catchments have been determined through the hydraulic modelling of the
relevant existing highway drainage systems to inform the proposed highway
drainage design requirements including the attenuation storage volumes.
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5.3.3 It is proposed to attenuate the surface water runoff from the proposed S1-OU10
and S1-OU10A catchments with the provision of offline underground geocellular
attenuation storage systems as shown in Plate 5.2. Offline underground
geocellular attenuation storage systems are required due to spatial constraints
within the proposed scheme permanent acquisition of land boundary and land
take restrictions to the east and south of the proposed B1137 highway widening
works. These spatial constraints and landtake restrictions are described in further
detail in Section 7.4 and Section 7.5. The discharge rates at the outfalls for both
the proposed S1-OU10 and S1-OU10A catchments will be controlled by an orifice
plate flow control device with the flow backing up into the proposed highway
drainage system and into the aforementioned offline underground geocellular
attenuation storage systems located immediately north of the proposed highway
widening works. Refer to Appendix C which presents the proposed discharge
rates, the attenuation storage volumes and the flow control device types /
diameters to be employed for the proposed S1-OU10 and S1-OU10A catchment
highway drainage systems.

5.34 The proposed drainage system layout plans are presented in Appendix A —
Junction 19 Proposed Drainage System Layouts. The proposed case hydraulic
modelling results for the 1in 1, 1in 2, 1in 5 and 1 in 100 year return period
design events plus climate change allowance are presented in Appendix B —
Junction 19 Proposed Drainage System Hydraulic Modelling Results.

54 Proposed Catchment S1-OU11 and S1-OU12

5.4.1 The proposed S1-OU11 catchment is comprised of a portion of the A12 mainline,
the proposed Junction 19 northbound on-slip road, a portion of the A138 side
road adjoining the A12 mainline and a small portion of the proposed realigned
A131 highway (RDR) as described in Section 2 previously. The A12 mainline
carriageway and the A138 side road are subject to highway widening works. The
proposed Junction 19 northbound on-slip road and the proposed realigned A131
highway (RDR) introduce additional offline new paved areas. The proposed
S1-0U12 catchment extends for an approximate 460m length of the A12 mainline
from the northern end of Junction 19 to the end of the proposed highway works
at a location in the vicinity of the western boundary of Boreham. Highway
widening works are required for this localised portion of the A12 mainline to
accommodate the adjoining proposed Junction 19 southbound off-slip road.

5.4.2 The existing and proposed site condition paved areas and any permeable
catchment areas draining into the proposed highway drainage systems for the
proposed S1-OU11 and S1-OU12 catchments are presented in Table 5.3 below.
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Table 5.3 Paved Area Summary for the Proposed S1-OU11 and S1-OU12 Catchments

Existing New Total Total

Proposed Paved Paved Proposed Proposed

Paved Permeable ifi
Catchment | Area* Area Aront N Catchment Specific Comments

(ha) (ha) (ha) (ha)

The existing paved area is

associated with the existing

0 S1-OU12 catchment contained
within the proposed S1-OU11

S1-0Ul1 (0.942) 0.670 1.612 4.17 catchment boundary (see

catchment specific comments for

the proposed S1-OU12

catchment)

The existing paved area
(3.409ha) is associated with the
existing S1-OU12 catchment that
has been divided up between the
3.400 proposed S1-OU11 catchment

: and the proposed S1-OU12
SLOULZ )46y | 0008 29% 2:386 | catchment (i.e. 2.467ha will be
retained within the proposed
S1-0U12 catchment boundary
while 0.942ha will be drained by
the proposed S1-OU11
catchment)

* The total proposed paved area is the sum of the existing paved area (adjusted existing paved area presented in brackets, where
applicable) to be retained and the additional new paved area which will form the proposed highway drainage catchment areasin the vicinity
of the proposed Junction 19.

** Permeable catchment areas include grassed verges, grassed roundabout centre islands, cut slopes, embankment slopes, etc. that drain
into the proposed highway drainage systems.

Proposed Catchment S1-OU11 Necessity

Whole Proposed S1-OU12 Catchment

5.4.3 An initial assessment of the proposed S1-OU12 catchment (referred as the
“‘whole proposed S1-OU12 catchment”), prior to requiring the catchment split into
the proposed S1-OU11 and proposed S1-OU12 catchments, was undertaken
with a view to retain the existing S1-OU12 catchment and outfall arrangement.
The hydraulic model for the whole proposed S1-OU12 catchment was simulated
with all the new additional paved areas from the online highway widening works
and the new additional offline paved areas introduced by the proposed Al2
scheme in the vicinity of Junction 19. The hydraulic model performance of the
whole proposed case S1-OU12 catchment was assessed against the highway
drainage design criteria described in Section 4 and the proposed drainage design
assessment approach discussed in Section 5.1. It is noted that the A12 mainline
northbound and southbound carriageways to the east of the whole proposed
S1-0OU12 catchment are located outside the proposed highway works extents.
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Therefore, the associated existing highway drainage systems serving the
aforementioned northbound and southbound carriageway outside the proposed
scheme extents would be unaffected and is proposed to be retained.

544 The proposed highway drainage interventions for Junction 19 and the associated
adjoining slip roads (i.e. in the form of the upgrade and / or replacement of
existing highway drainage and new highway drainage for new proposed offline
highway sections) were to mitigate and restrict the increased surface water flows
discharging to the A12 mainline existing highway drainage system due to the
proposed highway widening works, the additional new paved area for proposed
offline highway sections and to accommodate the increased flows resulting from
climate change. The provision of the proposed attenuation ponds to limit the
discharge rates to the nearby Boreham Brook would mitigate the increased flood
risk from the increased paved area associated with the above-described
proposed highway works and climate change. The highway drainage
interventions provided within the proposed S1-OU11 and S1-OU12 catchments
are shown in Plate 5.3 and summarised in the subsequent bullet points below.
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Plate 5.3 Drainage Interventions for the Proposed S1-OU11 and S1-OU12 Catchments
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Proposed S1-OU11 Catchment Separated Out from the Whole Proposed S1-OU12
Catchment

5.4.5 The highway drainage design approach of providing a single attenuation pond as
the means of surface water flow attenuation was assessed for the proposed
S1-0OU11 catchment while it was originally considered as part of the above-
described whole proposed S1-OU12 catchment prior to the eventual proposed
catchment separation. However, the approach of providing a single attenuation
pond was found to be unfeasible and therefore a new outfall arrangement was
required for the following reasons / constraints:

e Unfeasible to Provide Single Large Attenuation Pond to Attenuate the
Combined Proposed S1-OU11 and S1-OU12 Catchments - The provision
of a single large attenuation pond to provide attenuation storage for the
combined proposed S1-OU11 and S1-OU12 catchments was found to be
unfeasible as the large attenuation pond footprint required to accommodate
the significant attenuation storage volume would encroach into the nearby
fluvial flood zones associated with the Boreham Brook (the blue hatched
areas shown on Plate 5.3). Also, locating a single large attenuation pond
further outside the Boreham Brook fluvial flood zones was found to be
unfeasible as it would position the attenuation pond in steeper terrain which
would create a deeper attenuation pond which would have increased health
and safety risks during the construction and operational phases. For example,
during the construction stage the increased excavation depth for the proposed
attenuation pond would result in larger cutting slopes thereby presenting an
increased risk of slope instability. During the operational stage the increased
attenuation pond depth could result in an increased risk of drowning during
maintenance operations.

In addition, there is potentially a shallow groundwater table in the vicinity. The
excavation of a larger and deeper attenuation pond could potentially intercept
the shallow groundwater table which could result in groundwater intrusion to
the proposed attenuation pond or require the proposed attenuation pond to
be lined with an impermeable liner.

e Unfeasibleto Connect and Discharge the Proposed S1-OU11 Catchment
Highway Drainage into the Proposed S1-OU12 Highway Drainage - The
existing highway geometry has a low point in the vicinity of the Boreham
Brook. Therefore, to achieve a single large attenuation pond for the combined
S1-0OU11 and S1-OU12 catchments, would result in significant ground cover
depths above the proposed S1-OU11 highway drainage pipework. This would
be the case as it would require the proposed S1-OU11 highway drainage
pipework to be replaced/upgraded and to run against the grade in order to
connect into the proposed S1-OU12 catchment highway drainage. The
deeper proposed highway drainage system would also have limited vertical
clearance to the existing Boreham Brook culvert (Culvert CL-03) and could
present an increased risk to the structural integrity of the existing Boreham
Brook Culvert. Also, it should be noted that an increase in the depth of the
proposed highway drainage system would also result in a potential clash with
an existing culvert (Culvert CL-03A) thereby making this proposal unfeasible.
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e Inadequate Online Attenuation Storage Capacity within the Proposed
S1-0OUl11 Catchment Highway Drainage System - The upgrades to the
existing highway drainage serving the A12 mainline and adjoining slip roads
/ side roads would not provide adequate online attenuation storage to mitigate
for the increased paved area associated with the highway widening works.
The additional surface water flows arising from the increased paved area and
the applied climate change allowance could not be sufficiently attenuated
through the use of online storage in oversized pipework. This would result in
increased surface water flows discharging to the A12 mainline highway
drainage compared to the existing case and therefore increased surface
water flood risk. This increased surface water flood risk would be
unacceptable as it does not comply with the drainage design criteria described
in Section 4 and would also potentially put road users at increased risk.

5.4.6 Due to the above-described site specific constraints, the proposed A131 highway
(RDR), the A138 side road, the Junction 19 northbound on-slip road and a portion
of the A12 mainline located to the east of Junction 19 have been separated out
from the whole proposed S1-OU12 catchment to create a new catchment (i.e.
proposed S1-OU11 catchment) with an outfall to Boreham Brook (See Plate 5.3).
As this is primarily an existing catchment, existing case brownfield allowable
discharge rates have been utilised to limit the discharge rate accordingly in the
proposed case, to size the attenuation storage for the proposed S1-OU11l
catchment and thereby mitigate flood risk. The proposed S1-OU11 catchment will
require a new outfall to Boreham Brook to provide a positive outfall downstream
of the proposed attenuation pond. The proposed S1-OU11 catchment outfall
discharge rate will be controlled by a vortex flow control device with the flow
backing up into the proposed highway drainage system and into the proposed
attenuation pond. The design options taken into account to inform the proposed
attenuation pond potential locations are discussed in Section 7.6.

5.4.7 The new proposed S1-OU12 catchment (minus the above-described proposed
S1-0OU11 catchment) will largely retain the existing catchment arrangement,
however, it will require the attenuation of the increased surface water flows as a
result of the climate change allowance requirements (See Section 4.4). The
existing case allowable discharge rates associated with the existing S1-OU12
catchment have been determined through the hydraulic modelling of the relevant
existing highway drainage systems to inform the proposed highway drainage
design requirements (including the attenuation storage volumes). It is proposed
to attenuate the surface water runoff from the proposed S1-OU12 catchment
through the provision of an attenuation storage pond as shown in
Plate 5.3. A new outfall to Boreham Brook will be required to provide a positive
outfall downstream of the proposed attenuation pond. It should be noted that the
allowable discharge rates for the proposed S1-OU11 and S1-OU12 catchments
have been adjusted to manage the mitigation requirements for attenuation
storage due to the site specific constraints described above. The proposed
adjusted allowable discharge rates have been limited to proposed catchments
with the same receptors (i.e. Boreham Brook in the case of the proposed
S1-0OU11 and S1-OU12 catchments) ensuring that there is no overall increase in
the discharge rates to the watercourse above the existing condition and therefore
no adverse flood risk impact. Despite the requirement for the new S1-OU12
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5.4.8

catchment outfall to drain the proposed highway, the existing S1-OU12
catchment outfall (i.e. shown in Plate 3.1 previously) will be retained to maintain
the positive discharge of the existing earthworks slope drainage serving the A12
mainline. Refer to Appendix C which presents the proposed discharge rates, the
attenuation storage volumes and the flow control device types / diameters to be
employed for the proposed S1-OU11 and S1-OU12 catchment highway drainage
systems.

The proposed drainage system layout plans are presented in Appendix A —
Junction 19 Proposed Drainage System Layouts. The proposed case hydraulic
modelling results for the 1in 1, 1in 2, 1in 5 and 1 in 100 year return period
design events plus climate change allowance are presented in Appendix B —
Junction 19 Proposed Drainage System Hydraulic Modelling Results.
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6 Attenuation Storage Design Principles and
Associated Landtake

6.1 Attenuation Ponds

6.1.1 The landtake requirements and areal footprints for the attenuation pond locations
presented in Section 5 have been informed by the following best practice
drainage design criteria in accordance with DMRB and the CIRIA SuDS Manual
C753 (CIRIA, 2015):

In general, the attenuation pond maximum top water level design depth of
0.90m and additional 0.30m freeboard is informed by the 1 in 100 year return
period storm event plus 20% climate change allowance. As described in
Section 4.4, climate change allowance is applied to account for the potential
increase in rainfall intensity over the design life of the proposed scheme and
therefore minimise the risk of overtopping and flooding. However, there may
be a need to depart from this depth criterion due to site specific constraints
such as the topography, minimising the excavation depth and earthworks
balancing between cut and fill;

The total design depth of the proposed attenuation ponds (i.e. generally, 0.9m
design water depth plus 0.3m freeboard) has been assumed to be provided
above the proposed attenuation pond outlet pipe invert level where
practicable;

An additional water depth of 0.3m has been allowed for in the base of the
attenuation ponds (i.e. below the attenuation pond outlet pipe invert level) to
create a “wetland” feature to achieve further water quality treatment and
biodiversity benefits. The additional water depth below the attenuation pond
outlet pipe invert also provides some further mitigation for potential increased
flood volumes due to climate change. During dry weather periods before
heavy rainfall events the aforementioned additional water depth will likely
have partially evaporated thereby providing some additional attenuation
storage volume;

The attenuation pond earthworks side slopes are 1 in 4 where there are no
spatial constraints. In spatially constrained locations earthworks side slopes
of 1 in 3 are used. A crest width of 4m is provided around the proposed
attenuation ponds for maintenance access;

Proposed attenuation ponds will have sediment forebays provided at the inlet
to allow the gravity separation of suspended sediments contained within the
incoming surface water flows;

Attenuation ponds are situated outside the 1 in 100 year return period
(including an allowance for climate change) modelled fluvial floodplain for
Boreham Brook and the EA flood zones 2 and 3 fluvial flood extents for the
River Chelmer;

The attenuation ponds are to be surrounded by fencing to prevent
unauthorised access and ensure the safety of the general public; and
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To provide a safe means of access and egress to the attenuation ponds for
general maintenance located off the proposed highway alignment, access
tracks are provided.

6.2 Underground Geocellular Attenuation Storage Systems

6.2.1 The landtake requirements and areal footprints for the underground geocellular
attenuation storage systems presented in Section 5 have been informed by the
following best practice drainage design criteria in accordance with DMRB and
the CIRIA SuDS Manual C753 (CIRIA, 2015):

The Stormbloc geocellular attenuation storage product by Hydro International
was assumed at the preliminary design stage to inform the proposed highway
drainage design. The standard geocellular units have dimensions of 0.66m
(H) x 0.80m (L) x 0.80m (W). The shallow geocellular units have dimensions
of 0.36m (H) x 0.80m (L) x 0.80m (W). The geocellular units have a void ratio
of 0.95.

In general, the underground geocellular attenuation storage system size is
informed by the 1 in 100 year return period storm event plus 20% climate
change allowance. As described in Section 4.4, climate change allowance is
applied to account for the potential increase in rainfall intensity over the design
life of the proposed scheme and therefore minimise the risk of surcharging
and flooding from the underground attenuation storage;

At the preliminary design stage, a minimum design cover depth for proposed
underground geocellular attenuation storage systems was assumed to be
1.00m as this is typical. The site specific minimum cover depth requirements
will be assessed in detail at the detailed design stage.

The underground geocellular attenuation storage systems are to be
surrounded by fencing to prevent unauthorised access and ensure the safety
of the general public; and

To provide a safe means of access and egress to the proposed underground
geocellular attenuation storage systems for general maintenance located off
the proposed highway alignment, access tracks are provided.
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7 Selected and Alternative Attenuation Storage
Locations

7.1 Overview

7.1.1 Regarding the positioning of the attenuation storage locations, it should be noted
that the selected attenuation storage locations, as described in Section 5 and
shown in Plate 5.2 and Plate 5.3 previously, are considered the most suitable
and feasible solutions. Following on from the proposed highway drainage
solutions described in Section 5 and the attenuation storage design principles
(and associated landtake implications) described in Section 6, the key design
considerations that informed the selection of the attenuation storage locations
are as follows:

Accommodating, where practicable, the consultation feedback received from
local landowners;

The proposed highway drainage system hydraulic performance requirements.
The proposed highway drainage systems are designed to ensure that the
proposed highways can be drained by gravity without the requirements for a
pumped discharge solution;

Consideration of the local topography at the attenuation pond and
underground geocellular attenuation storage system locations in avoiding
their positioning in the vicinity of steep terrain where practicable. This is to
avoid excessive earthworks and provide stable side slopes;

Minimising the risk of drowning by reducing the depth of attenuation ponds
and underground geocellular attenuation storage systems;

Locating the attenuation ponds and underground geocellular attenuation
storage systems close to the proposed highway alignment where practicable
to minimise longer pipework alignments that could potentially create deeper
attenuation storages;

Attenuation ponds and underground geocellular attenuation storage systems
are situated outside the fluvial floodplain so as not to occupy areas of fluvial
flood storage and therefore to mitigate increasing the fluvial flood risk locally.
This design criteria also ensures that the attenuation ponds and underground
geocellular attenuation storage systems are not inundated with fluvial
floodwater and remain operational during major storm events;

The presence of existing and proposed underground utilities (e.g. gas
pipelines, electricity cables, telecommunications cables, drainage systems,
etc.) has been factored in the attenuation storage locations to minimise the
number of complex utility diversions required;

Minimising the adverse impacts on the current landuse (e.g. the S1-OU1 and
S1-OU7A attenuation ponds have been positioned to minimise the impact on
the current use of land for the Chelmsford car-boot sale site);

The attenuation pond and underground geocellular attenuation storage
system locations have been optimised and co-ordinated with the
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environmental mitigation required on the proposed Al2 Scheme where
possible. The environmental mitigation required includes compensation tree
planting, creating ecological mitigations for local wildlife, etc. and so the
attenuation storage locations have been optimised to limit the creation of
disjointed environmental mitigation provisions.

7.1.2 The alternative attenuation storage locations were initially considered in the
development of the proposed highway drainage design proposals with the
attenuation storages located closer to the A12 mainline along the southbound
carriageway (i.e. south of Junction 19). However, these alternative attenuation
storage locations were discounted on the basis of the design criteria described
above and has taken into account the discussions with local landowners and their
representatives during the highway drainage design development process. The
site specific design development process for the proposed S1-OU1, S1-OU7A,
S1-0U10, S1-OU10A, S1-OU11 and S1-OU12 catchment attenuation storage
locations is described further in Section 7.2 to Section 7.6 below.

7.2 Proposed Catchment S1-OU1

Selected Attenuation Pond Location

7.2.1 The selected S1-OU1 attenuation pond location (shown in Plate 7.1 below) is the
chosen design solution as its positioning maximises the amount of the proposed
S1-0OU1 catchment which drains to the attenuation pond prior to discharging to
the nearby River Chelmer. Therefore, this ensures that the selected attenuation
pond location provides the required attenuation storage volume for the total
proposed catchment and maximises the volume of surface water runoff from the
proposed highway that can be subjected to the pollution treatment measures
provided by the attenuation pond (described in Section 4.9 previously). As
described in Section 5.2 previously the proposed S1-OUl catchment will
continue to discharge to the River Chelmer at existing site condition brownfield
discharge rates. This reduces the attenuation storage volume required and
therefore reduces the proposed attenuation pond volume / areal footprint.

7.2.2 The various alternative attenuation pond locations assessed for the proposed
S1-0OU1 catchment are all located on the eastern side of the A12 mainline along
the southbound carriageway. This is due to the spatial constraints provided by
the dense urbanised areas on the western side of the A12 mainline and to retain
the existing highway drainage outfalls located on the eastern side of the Al12
mainline.

Alternative Attenuation Pond Location “A”

7.2.3 The S1-OU1 alternative attenuation pond location “A” was initially considered as
a potential location but was discounted due to the site specific design implications
regarding the attenuation pond positioning and the associated provision of a new
outfall location. The site specific design implications that resulted in the
discounting of this alternative attenuation pond location are as follows:

e The S1-OU1 alternative attenuation pond location “A” would require the new
outfall to be located on a different watercourse compared to that which the
existing S1-OU1 catchment discharges to (i.e. River Chelmer). Therefore, the
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new outfall location would be required to discharge at greenfield runoff rates
as opposed to the greater existing case S1-OUl catchment brownfield
discharge rates. The reduction in allowable discharge rates to greenfield
discharge rates would result in a larger attenuation pond thereby requiring a
larger landtake.

e Positioning the attenuation pond at the S1-OU1 alternative attenuation pond
location “A” would result in a section of the A12 mainline alignment
(i.e. located between the selected S1-OU1 attenuation pond location and the
S1-OU1l alternative attenuation pond location) bypassing the S1-OU1l
alternative attenuation pond location “A”. This would therefore require the
provision of a second smaller proposed attenuation pond to enable the
attenuation of surface water runoff for the aforementioned Al2 mainline
highway alignment that would bypass the S1-OU1 alternative attenuation
pond location. The provision of two attenuation ponds would therefore
increase the landtake requirement thereby resulting in the discounting of the
S1-0OU1 alternative attenuation pond location “A”.

e Water quality treatment measures would also be better served at the selected
attention pond location given that it can intercept the entire proposed S1-OU1
catchment. As stated in the previous bullet point, the S1-OU1 alternative
attenuation pond location “A” would require the provision of a second smaller
attenuation pond further downstream thereby requiring water quality
treatment measures at two attenuation pond locations as opposed to one
location.

Alternative Attenuation Pond Location “B”

7.2.4 The S1-OU1 alternative attenuation pond location “B” was initially considered as
a potential location but was discounted due to the site specific design and
landuse implications regarding the attenuation pond positioning and the
associated provision of a new outfall location. The site specific design
implications that resulted in the discounting of this alternative attenuation pond
location are as follows:

e The S1-OU1 alternative attenuation pond location “B” was discounted due to
the location being used by the Chelmsford Car Boot Sale. Through the A12
consultation process a request was received from the landowners to maintain
the current use of this land as a car boot sale site.

e Similar to the S1-OU1 alternative attenuation pond location “A”, the proposed
case discharge rates would have to be limited to greenfield runoff rates as a
new outfall would need to be located on a different watercourse compared to
that which the existing S1-OU1 catchment discharges to (i.e. River Chelmer).
The reduction in allowable discharge rates to greenfield discharge rates would
result in a larger attenuation pond thereby requiring a larger landtake.

e Similar to the S1-OU1 alternative attenuation pond location “A”, positioning
the attenuation pond at the S1-OU1 alternative attenuation pond location “B”
would result in a section of the A12 mainline alignment (i.e. located between
the selected S1-OUl attenuation pond location and the S1-OUl
alternative attenuation pond location “B”) bypassing the S1-OU1 alternative
attenuation pond location. This would therefore require the provision of a
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second smaller proposed attenuation pond to enable the attenuation of
surface water runoff for the aforementioned A12 mainline highway alignment
that would bypass the S1-OU1 alternative attenuation pond location.

e Similar to the S1-OU1 alternative attenuation pond location “A”, water quality
treatment measures would also be better served at the selected attention
pond location given that it can intercept the entire proposed S1-OUl
catchment. As stated in the previous bullet point, the S1-OU1 alternative
attenuation pond location “B” would require the provision of a second smaller
attenuation pond further downstream thereby requiring water quality
treatment measures at two attenuation pond locations as opposed to one
location.

Alternative Attenuation Pond Location “C”

7.2.5 The S1-OU1 alternative d attenuation pond location “C” was initially considered
as a potential location but was discounted due to the site specific design
implications regarding the attenuation pond positioning and the associated
provision of a new outfall location. The site specific design implications that
resulted in the discounting of this alternative attenuation pond location are as
follows:

e The S1-OU1 alternative attenuation pond location “C” positioned the
attenuation pond at a greater distance from the A12 mainline highway. This
would require greater lengths of highway drainage pipework to convey the
collected surface water runoff to the attenuation pond location.

e The topography in the vicinity of the S1-OU1 alternative attenuation pond
location “C” is generally steep terrain. Therefore, the steep terrain would result
in a further increase in the depth of the earthworks required to form the
attenuation pond at this location.

e Similar to the S1-OU1 alternative attenuation pond locations “A” and “B”, the
proposed case discharge rates would have to be limited to greenfield runoff
rates as a new outfall would need to be located on a different watercourse
compared to that which the existing S1-OU1 catchment discharges to (i.e.
River Chelmer). The reduction in allowable discharge rates to greenfield
discharge rates would result in a larger attenuation pond thereby requiring a
larger landtake.

e Similar to the S1-OU1 alternative attenuation pond locations “A” and “B”,
positioning the proposed attenuation pond at the S1-OU1l alternative
attenuation pond location “C” would result in a section of the A12 mainline
alignment (i.e. located between the selected S1-OU1l attenuation pond
location and the S1-OU1 alternative attenuation pond location “C”) bypassing
the S1-OU1 alternative attenuation pond location. This would therefore
require the provision of a second smaller attenuation pond to enable the
attenuation of surface water runoff for the aforementioned A12 mainline
highway alignment that would bypass the S1-OU1 alternative attenuation
pond location. Similar to the S1-OUL alternative attenuation pond locations
“A” and “B”, water quality treatment measures would also be better served at
the selected attenuation pond location given that it can intercept the entire
proposed S1-OU1 catchment. As stated in the previous bullet point, the
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S1-0OU1 alternative attenuation pond location “C” would require the provision
of a second smaller attenuation pond further downstream thereby requiring
water quality treatment measures at two attenuation pond locations as
opposed to one location.
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Plate 7.1 Proposed S1-OU1 Catchment Selected and Alternative Attenuation Pond Locations
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7.3

7.3.1

7.3.2

7.3.3

7.3.4

Proposed Catchment S1-OU7A

Selected Attenuation Pond Location

The selected S1-OU7A attenuation pond location (shown in Plate 7.2 below) is
the chosen design solution as its positioning maximises the amount of the
proposed S1-OU7A catchment which drains to the attenuation pond prior to
discharging to the nearby Ordinary Watercourse 2. Therefore, this ensures that
the selected attenuation pond location provides the required attenuation storage
volume for the total proposed catchment and maximises the volume of surface
water runoff from the proposed highway that can be subjected to the pollution
treatment measures within the attenuation pond (described in Section 4.9
previously).

The various alternative attenuation pond locations assessed for the proposed
S1-OU7A catchment are all located on the eastern side of the A12 mainline. This
is due to the spatial constraints provided by the dense urbanised areas on the
western side of the A12 mainline.

Alternative Attenuation Pond Location “A”

The S1-OU7A alternative attenuation pond location “A” was initially considered
as a potential location but was discounted due to the site specific landuse
implications regarding the attenuation pond positioning. The site specific design
implications that resulted in the discounting of this alternative attenuation pond
location are as follows:

e The S1-OU1 alternative attenuation pond location “A” was discounted due to
the location being currently used by the Chelmsford Car Boot Sale. Through
the A12 consultation process a request was received from the landowners to
maintain the current use of this land as a car boot sale site.

Alternative Attenuation Pond Location “B”

The S1-OUT7A alternative attenuation pond location “B” was initially considered
as a potential location but was discounted due to the site specific landuse
implications regarding the attenuation pond positioning. The site specific design
implications that resulted in the discounting of this alternative attenuation pond
location are as follows:

e The S1-OU7A alternative attenuation pond location “B” and outfall
arrangement was not feasible hydraulically. The option would require the
attenuation pond inlet pipe to be culverted underneath the nearby Ordinary
Watercourse 2 which would result in a deeper attenuation pond and
associated greater areal footprint / landtake requirement.

e The S1-OU7A alternative attenuation pond location “B” positioned the
attenuation pond at a greater distance from the A12 mainline highway. This
would require greater lengths of highway drainage pipework to convey the
collected surface water runoff to the attenuation pond location. This would
result in a deeper attenuation pond and associated larger areal footprint /
landtake requirement.
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e Due to the above-described design implications the S1-OU7A alternative
attenuation pond location “B” is not selected as it would not be possible to
drain the attenuation pond via gravity to Ordinary Watercourse 2 and a
pumping station would be required
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7.4 Proposed Catchment S1-OU10

Selected Underground Geocellular Attenuation Storage System
Location

7.4.1 An attenuation pond solution was discounted early in the design development
process for the proposed S1-OU10 catchment due to the deep design depth
required at the downstream end of the proposed S1-OU10 drainage system at
the outfall location. The depth required is to maintain the connectivity of deeper
existing highway drainage systems in the vicinity as part of the proposed works.
The deep design depth would result in an excessively large attenuation pond for
a relatively small catchment area thereby resulting in a larger landtake.
Additionally, there would be an increased drowning risk during periodic
maintenance works. Therefore, the selected and alternative underground
geocellular attenuation storage location solutions are presented below.

7.4.2 The selected S1-OU10 underground geocellular attenuation storage system
location (shown in Plate 7.3 below) is the chosen design solution as its close
proximity to the proposed highway minimises the depth of the aforementioned
attenuation storage and avoids the environmental, ecological, existing utilities
and heritage (i.e. Boreham House) impacts described subsequently for the
discounted S1-OU10 alternative underground geocellular attenuation storage
locations “A” and “B”. As described in Section 5.3 previously the proposed
S1-0U10 catchment will discharge at existing case allowable discharge rates to
the existing highway drainage system serving the B1137 (Main Road) via a new
outfall. Therefore, this enables the underground geocellular attenuation storage
system to discharge at the existing case brownfield allowable discharge rates as
opposed to greenfield runoff rates. This reduces the attenuation storage volume
required and therefore reduces the underground geocellular attenuation storage
system volume / areal footprint.

Alternative Underground Geocellular Attenuation Storage
Location “A”

7.4.3 The S1-OU10 alternative underground geocellular attenuation storage system
location “A” was initially considered as a potential location but was discounted
due to the site specific landuse implications regarding the attenuation storage
positioning. The site specific design implications that resulted in the discounting
of this alternative attenuation storage location are as follows:

e The S1-OU10 alternative attenuation storage location “A” was initially
considered as a potential location but was discounted due to the available
land being part of the private Boreham House. Boreham House is a Grade 1
listed building and also contains a Registered Park and Garden.

e Positioning the proposed underground geocellular attenuation storage system
at this location would result in a section of the proposed B1137 highway
(i.e. located between the selected S1-OU10 attenuation storage location and
the S1-OU10 alternative attenuation storage location) bypassing the
S1-0OU10 alternative attenuation storage location “A”. This would therefore
require the provision of a second smaller underground geocellular attenuation
storage system to enable the attenuation of surface water runoff for the
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aforementioned B1137 highway alignment that would bypass the S1-OU10
alternative attenuation storage location “A”. The provision of two underground
geocellular attenuation storage systems would therefore increase the
landtake requirement thereby resulting in the discounting of the S1-OU10
alternative attenuation storage location “A”.

Alternative Underground Geocellular Attenuation Storage
Location “B”

7.4.4 The S1-OU10 alternative underground geocellular attenuation storage system
location “B” was initially considered as a potential location but was discounted
due to the site specific design implications regarding the aforementioned
attenuation storage positioning. The site specific design implications that resulted
in the discounting of this alternative attenuation storage location are as follows:

e The S1-OU10 alternative attenuation storage location “B” was discounted due
to the presence of mature trees within the land parcel. The loss of the
aforementioned mature trees would have a negative impact on the visual
amenity and ecology in the vicinity in addition to the loss of a carbon sink.

e Existing underground utilities (e.g. telecommunications cables, electrical
cables, gas pipeline, etc.) are present within the S1-OU10 alternative
attenuation storage location “B” which would require utility diversions. Utility
diversions would increase the proposed case landtake requirement as new
utility corridors would be required
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7.5 Proposed Catchment S1-OU10A

Selected Underground Geocellular Attenuation Storage System
Location

7.5.1 The selected S1-OU10A underground geocellular attenuation storage system
location (shown in Plate 7.4 below) is the chosen design solution as its close
proximity to the proposed Payne’s Lane minimises the depth of the
aforementioned attenuation storage in addition to avoiding the environmental,
ecological and existing utilities impacts described subsequently for the
discounted S1-OU10A alternative attenuation storage location “A”. As described
in Section 5.3 previously the proposed S1-OU10A catchment will discharge at
existing case allowable discharge rates to the existing highway drainage system
serving the B1137 (Main Road). Therefore, this enables the underground
geocellular attenuation storage system to discharge at the existing case
brownfield allowable discharge rates as opposed to greenfield runoff rates. This
reduces the attenuation storage volume required and therefore reduces the
underground geocellular attenuation storage system volume / areal footprint.

Alternative Underground Geocellular Attenuation Storage
Location “A”

7.5.2 The S1-OU10A alternative underground geocellular attenuation storage system
location “A” was initially considered as a potential location but was discounted
due to the site specific design implications regarding the aforementioned
attenuation storage positioning. The site specific design implications that resulted
in the discounting of this alternative attenuation storage location are as follows:

e The S1-OU10A alternative attenuation storage location “A” was discounted
due to the presence of mature trees within the land parcel. The loss of the
aforementioned mature trees would have a negative impact on the visual
amenity and ecology in the vicinity in addition to the loss of a carbon sink.

e EXxisting underground utilities (e.g. telecommunications cables, electrical
cables, gas pipeline, etc.)) are present within the S1-OU10A alternative
attenuation storage location “A” which would require utility diversions. Utility
diversions would increase the proposed case landtake requirement as new
utility corridors would be required.

7.5.3 No other alternative underground geocellular attenuation storage system
locations were considered for the proposed S1-OU10A catchment due to the
spatial constraints to the east of Payne’s Lane. Also, it is not practicable to locate
the proposed underground geocellular attenuation storage system in the
available land further west of Payne’s Lane as it would increase the depth of the
proposed highway drainage system and become more remote from a potential
outfall location to the B1137 (Main Road) highway drainage system. It should be
noted that an attenuation pond solution was discounted during the design
development process for the proposed S1-OU10A catchment due to landtake
constraints imposed by the proposed scheme permanent acquisition of land
boundary. The proposed Payne’s Lane WCH route (see Plate 2.1 and Plate 7.4)
was developed late in the preliminary design stage after the consultation process
such that the proposed scheme permanent acquisition of land boundary was
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fixed at the time. Therefore, an attenuation pond solution could not be
accommodated within the available land parcel. Hence, the selected and

alternative underground geocellular attenuation storage location solutions are
presented below.
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7.6 Proposed Catchments S1-OU11 and S1-OU12

Selected Attenuation Pond Location

7.6.1 The selected S1-OU11 and S1-OU12 attenuation pond locations (shown in
Plate 7.5 below) are the chosen design solutions as their positioning maximises
the amount of the proposed S1-OU11 and S1-OU12 catchments which drain to
the attenuation ponds prior to discharging to the nearby Boreham Brook.
Therefore, this ensures that the selected attenuation pond locations provide the
required attenuation storage volume for the total catchment and maximises the
volume of surface water runoff from the proposed highway that can be subjected
to the pollution treatment measures within the attenuation pond (described in
Section 4.9 previously). The selected S1-OU11 and S1-OU12 attenuation pond
locations are not located immediately adjacent to the A12 mainline as the terrain
is higher and steeper near the highway and falls away to the south. Hence, the
selected S1-OUlland S1-OU12 attenuation pond locations are located further
south of the A12 mainline to take advantage of the flatter ground and thereby
reduce the depth of the attenuation ponds. As described in Section 5.4 previously
the proposed S1-OU11 and S1-OU12 catchments will continue to discharge to
the Boreham Brook (similar to the existing site condition) via new outfalls due to
site constraints associated with the proposed highway geometry and attenuation
pond positioning. Therefore, this enables the attenuation ponds to discharge at
the existing case brownfield allowable discharge rates as opposed to reduced
greenfield runoff rates. This reduces the attenuation storage volume required and
therefore reduces the attenuation pond volumes / areal footprints.

7.6.2 The alternative attenuation pond locations assessed for the proposed S1-OU11
and S1-OU12 catchments are all located on the southern side of the Al2
mainline. This is to retain similar highway drainage outfall location arrangements
to the existing site condition and due to spatial constraints provided by the Great
Eastern Main Line railway embankment.

S1-0OU11 and S1-OU12 Alternative Underground Geocellular
Attenuation Storage Locations “A”

7.6.3 The S1-OU1l and S1-OU12 alternative attenuation pond’ locations “A” were
initially considered as potential locations but were discounted due to the site
specific design and fluvial floodplain implications regarding the attenuation
storage positioning. The site specific design implications that resulted in the
discounting of these alternative attenuation storage locations are as follows:

e The S1-OU11 and S1-OU12 alternative attenuation pond locations “A” were
discounted due their encroachment into the fluvial flood zones associated with
Boreham Brook. Encroaching into the floodplain could increase fluvial food
risk locally and potentially adversely impact the operation of the attenuation
storage ponds during major storm events.

7.6.4 Locating the S1-OU11 and S1-OU12 alternative attenuation pond locations “A”
further outside the Boreham Brook fluvial flood zones was found to be unfeasible
as it would position the attenuation ponds in steeper terrain. This would create
deeper attenuation ponds which has more associated health and safety risks
(i.e. as stated in Section 7.1) and would also result in a larger landtake.
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