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1.

1.1.1.

1.2.1.

1.2.2.

Introduction

This appendix report supports Chapter 13 (Road Drainage and Water
Environment) of the Environmental Statement (ES) (TR010039/APP/6.1). It
provides a hydrogeological conceptual model for the Proposed Scheme and its
study area, based on a ground investigation undertaken in the current stages of
the Proposed Scheme, and the necessary groundwater-specific environmental
assessments as described in the Design Manual for Roads and Bridges (DMRB)
LA113 Road Drainage and the Water Environment (Highways England, 2020).
These assessments identify potentially significant impacts and inform the
assessment of significant effects presented in Chapter 13 (Road Drainage and
the Water Environment) (TR010039/APP/6.1), which follows the assessment
methodology described in LA104 Environmental Assessment and Monitoring
(Highways England, 2019).

The study area encompasses groundwater and surface water features that could
be affected by the Proposed Scheme. The study area is based on professional
judgement to ensure that effects are sufficiently identified. It comprises a 1km
corridor surrounding the Proposed Scheme boundary. The groundwater study
area is shown in Annex A Location Plan.

Scheme overview

Chapter 2 (The Proposed Scheme) of the Environmental Statement
(TR010039/APP/6.1) provides a detailed description of the Proposed Scheme.
The overall aim of the Proposed Scheme is to alleviate traffic flow issues
between Wansford and Sutton by upgrading to dual carriageway and by
constructing a slip road between the A1 southbound and the A47 eastbound
carriageways, to effectively bypass the junction. The Proposed Scheme includes
the following below-ground structures and infiltration features, which are shown
in Annex A Location Plan:

e New drainage design including two infiltration ponds and filter drains
discharging to ground

e Sacrewell Farm underbridge (S05)

e Wansford NMU underpass (S02)

Key potential construction and operation effects upon the water environment
include:

e Changes to groundwater levels and / or flow through groundwater control
during construction, and through redirection and / or reduction of lows
around permanent subsurface structures

Planning Inspectorate Scheme Ref: TR010039 Page 1
Application Document Ref: TR010039/APP/6.3
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1.3.1.

1.3.2.

1.4.1.

Contamination of groundwater by generation of suspended solids, direct
contact with construction materials, or polluted construction run off

Contamination of surface water by discharge of dewatering volumes, if
required

Discharge of metalloid and organic compounds from road drainage to
surface water and groundwater.

Aims and Objectives

This report aims to;

provide a hydrogeological conceptual model and identify key direct and
indirect receptors within the study area,

identify construction and operation activities specific to the Proposed
Scheme that have the potential to impact on the groundwater environment,

present simple qualitative assessments to identify which activities may result
in a significant impact, and therefore require further consideration and / or
mitigation.

The report is set out in the following structure to achieve these aims:

Chapter 2 presents the hydrogeological baseline conditions, based on
ground investigation results and other freely available sources of information,
to provide a conceptual model and identify receptors, in line with the
Groundwater Levels and Flows assessment method set out in LA113.

Chapter 3 provides details of construction and operation activities and a
description of the potential hydrogeological impact, prior to mitigation.

Chapter 4 assesses the significance of risk to receptors in line with the
assessment methods as set out in LA113 (Groundwater Dependent
Terrestrial Ecosystems (GWDTE), Routine runoff and groundwater quality
and spillage assessments).

Chapter 5 summarises the activities that may result in a potentially
significant impact, prior to mitigation, and that are taken forward for further
consideration in the assessment of significant effects in Chapter 13 (Road
Drainage and the Water Environment) of the ES (TR010039/APP/6.1).

Data sources

This technical report has been produced utilising the following sources of
information:

British Geological Survey (BGS) 1:50,000 and 1:625,000 superficial and
bedrock geological maps (British Geological Survey, 2021a)

DEFRA’s ‘Magic’ interactive map (DEFRA, 2021)

Planning Inspectorate Scheme Ref: TR010039 Page 2
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1.4.2.

1.4.3.

e Environment Agency (EA) Catchment Data Explorer (Environment Agency,
2021a)

e Highways Agency Drainage Data Management System (HADDMS), Drainage
Data Management System v5.12. (Highways England, 2021)

Additional information was requested from the EA for the study area in March
2020 and has also been summarised, where appropriate, in the report:

e Licensed groundwater and surface water abstractions

e Consented discharges

The following information was requested from the three local authority areas that
the study area falls within in June 2020:

e Unlicensed groundwater and surface water abstractions

e Unlicensed consented discharges to groundwater and surface water

Ground investigation

1.4.4.

1.4.5.

1.4.6.

14.7.

1.4.8.

1.4.9.

A 2018 geotechnical and geo-environmental investigation was undertaken
around the A47 Wansford to Sutton dualling scheme.

The objective of the investigation was to obtain information on the ground and
groundwater conditions relating to the preliminary design of the proposed
highways development, which included improvement works to the existing A47 /
A1 junction. The investigation comprised cable percussive boreholes, dynamic
sample boreholes, trial pits and dynamic probes. Soakaway infiltration testing,
groundwater level monitoring, and laboratory testing of soil and groundwater was
also undertaken. Since the ground investigation (Gl) was undertaken the
position of the proposed A47 realignment has moved northwards between
Sutton Heath Road and Upton Road. A supplementary Gl is planned for the next
stage of the Proposed Scheme to confirm ground conditions in this area.

There is a total of 19 boreholes that have been completed for groundwater
monitoring.

Five infiltration tests were completed during the ground investigation works.

Groundwater levels were initially recorded over a three-month period following
the completion of initial fieldwork, with additional groundwater level monitoring
undertaken between September 2020 and February 2021.

Groundwater quality analyses were completed 14 samples collected on 15
November 2018.

Planning Inspectorate Scheme Ref: TR010039 Page 3
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2,

2.1.1.

2.1.2.

2.2.1.

Head

2.2.2.

Hydrogeological baseline conditions
Topography and drainage

The site is located adjacent and inline to the existing A47 single carriageway
between the A47 / A1 junction, at Wansford and the existing A47 / Castor /
Upton roundabout, north of Sutton. Topography falls towards the east from a
high of 30maOD in the west to a low of 11maOD at Wittering Brook, adjacent to
the Sutton Heath Road junction. From here there is a slight rise to approximately
20maOD where it broadly remains for the rest of the route. Topography from the
north slightly slopes towards the River Nene.

The River Nene is present immediately to the south of the Proposed Scheme
and meanders from the south to flow in an eastwards direction between the A1
and Sutton Heath Road before flowing south-eastwards and away from the A47.
Several watercourses traverse or adjoin the site. These generally flow from north
to south, with the exception of Mill Stream, which flows from west to east
beneath the A1 to join Wittering Brook, a tributary of the River Nene. There are
also a number of springs and ponds in the study area. In particular there are
ponds adjacent to Mill Stream at Sacrewell Farm, and also to the south of the
River Nene.

Geology

The bedrock and superficial geology within the study area is described in detail
below. The superficial geology is shown in Annex A Location Plan.

Head deposits are present along the route of Mill Stream, and in particular where
this crossed the A1, and also beyond the eastern extents of the Proposed
Scheme. The head deposits are described as generally poorly sorted and
comprise clay, silt, sand and gravel, with occasional inclusions of peat. Head
deposits were encountered in one borehole during ground investigation works in
the west of the study area in BHO2 adjacent to the A1 / Great North road on
approach to the A47 intersection. The deposits are described as cohesive in the
form of firm grey silty clay.

Alluvium

2.2.3.

Granular and cohesive alluvium is present along the route of River Nene and the
Wittering Brook, and is present beneath the Proposed Scheme to the west of
Sutton Heath Road junction, as proven by BH30 during ground investigation
works. Alluvium was also encountered in TP11, TP12 on the north bank of the
River Nene adjacent to the sewage Anglian Water pumping station. Granular

Planning Inspectorate Scheme Ref: TR010039 Page 4
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alluvium was encountered as sand and sandy gravel. Cohesive alluvium was
encountered as gravelly sandy locally silty clay (Sweco, 2020). Alluvium deposits
were encountered at depths between 0.3 to 1.2mbGL (BH30), 0.3 to 2.3mbGL
(TP11) and 0.1 to 2.1mbGL (TP12), indicating the alluvial deposits are greatest
adjacent to the River Nene.

River Terrace Deposits

2.24.

River terrace deposits are generally present on the inner sides of meanders of
the River Nene and to the west of Wittering Brook. They are generally present
along the Proposed Scheme, except to the west of the sewage Anglian Water
pumping station and a small area near the Sutton Heath Road junction. The
river terrace deposits were encountered as interbedded granular and cohesive
material during ground investigation works. Granular river terrace deposits were
encountered as silty or clayey gravelly sand or sandy gravel. Cohesive river
terrace deposits were encountered as gravelly sandy locally silty clay and
occasionally clayey silt (Sweco, 2020). River terrace deposits ranged in
thickness between 0.4m (BH33) and 5.6m (BH40) with an average thickness of
2.6m. The maximum depth recorded is 5.9mbGL (BH40).

Rutland Formation

2.2.5.

The youngest, uppermost bedrock lithology encountered under the proposed
alignment is the Rutland Formation of the Great Oolite Group, which is a
sedimentary rock composed of sandstones, siltstones, and fireclays, and
occasionally containing rootlets. The formation was noted in boreholes in the
eastern end of the study area (BH36, 37, 37A, 38, 40 and 41). The depth of the
Rutland Formation was not proven during Gl works, with a maximum thickness
of 3.6m observed in BH38. The Rutland Formation was encountered at depths
between 0.3mbGL (TP30) and 8.1mbGL (BH38) and is generally overlain by
river terrace deposits.

Lincolnshire Limestone Formation

2.2.6.

The Lincolnshire Limestone Formation of the Inferior Oolite Group includes the
Upper Lincolnshire Limestone Member and the Lower Lincolnshire Limestone
Member. This is found generally beneath the whole of the Proposed Scheme,
with the exception of a small central section where this has been eroded by the
River Nene and Wittering Brook to expose the older Grantham Formation and
Lias Group. The Lower Lincolnshire Limestone Member comprises flat bedded,
oolitic limestone with marl partings. The Upper Lincolnshire Limestone Member
comprises coarse grained oolites, which are thought to have infilled channels in
the older, lower limestone. The two members were considered together in the
Ground Investigation Report (Sweco, 2020). Lincolnshire Limestone deposits

Planning Inspectorate Scheme Ref: TR010039 Page 5
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ranged in thickness from 0.6m (TP26) to 11.7m (BH32) with an average
thickness of 4.7m.

Grantham Formation

2.2.7. The Grantham Formation of the Inferior Oolite Group underlies the Lincolnshire
Limestone Formation where present across the site. It is a sedimentary rock,
comprising white and grey leached silts and sands, and dark grey clays, often
containing rootlets and lignitic debris. The Grantham Formation ranges in
thickness from 0.5m (BHO1) to 7.58m (BH33) with an average thickness of 3.8m.
The maximum observed depth of the Grantham Formation was 16.9mbGL
(BH32) and the BGS Lexicon indicates the Grantham Formation thickness is
typically 2m to 5m but can be up to 15m thick in channels (BGS, 2021b).

Whitby Mudstone Formation

2.2.8.  The oldest unit encountered during the ground investigation is the Whitby
Mudstone Formation, part of the Lias Group. It is sedimentary bedrock,
described by the BGS (BGS, 2021b) as comprising grey mudstones and shales
with bands of phosphatic and limestone nodules. The Lias Group were typically
encountered at a shallow depth where underlying made ground or superficial
deposits, generally along the route of the River Nene and Wittering Brook.
Elsewhere, the Lias Group is found underlying Lincolnshire Limestone and
Grantham Formation deposits. The thickness of the Lias Group ranged between
1.35m (BH19) and 14.59 (BH14A). The maximum depth that the Whitby
Mudstone Formation was recorded at was 25.94mbGL (BH32). The base of the
formation was not encountered. The BGS lexicon indicates that the Whitby
Mudstone Formation may be up to 120m thick (BGS, 2021b).

Hydrogeology
Aquifer designations

2.3.1. Table 1 summarises Environment Agency aquifer designations along with their
approximate extents within the study area.

Planning Inspectorate Scheme Ref: TR010039 Page 6
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Table 1 Aquifer designations

Geological Unit

Head

Alluvium

River terrace deposits

Rutland Formation

Upper Lincolnshire
Limestone

Lower Lincolnshire
Limestone

Grantham Formation

Whitby Mudstone

2.3.2.

Group EA Aquifer Approximate Extents
Designation
Pleistocene & recent Secondary Towards western end of scheme
(undifferentiated) Encountered in BH2 adjacent to
aquifer the A1/ A47 junction
Secondary A aquifer Present along the Nene valley to
the south of the A47, and beneath
Wittering Brook, to the west of
Sutton Heath Road
Secondary A aquifer Generally present to the east of
the Sacrewell Farm access road
junction, with exception of one
small area around the Sutton
Heath Road junction
Great Oolite Group Secondary B aquifer Towards eastern end of scheme

(overlain by river terrace deposits)

Inferior Oolite Group

Principal aquifer

Small outcrop area around
A1/A47 junction

Principal aquifer

Outcrops around Sacrewell Farm
access road junction and east of
Sutton Heath Road junction

Secondary
(undifferentiated)
aquifer

Present around Sacrewell Farm
access road junction and east of
Sutton Heath Road junction.
Generally overlain by alluvium or
river terrace deposits. One small
outcrop area to the west of Sutton
Heath Road junction

Lias Group

Unproductive strata

Assumed present across the
entire area, generally overlain by
the Inferior Oolite, except along
the River Nene and Wittering
Brook, where it is overlain by
superficial deposits.

Principal aquifers are strata that have high intergranular and/or fracture

permeability, and as such usually provide a high level of water storage. They
may support water supply and/or river base flow on a strategic scale.

2.3.3.

Secondary A aquifers are permeable layers capable of supporting water

supplied at a local, rather than strategic scale, and in some cases, form an
important source of baseflow to rivers.

2.34.

Secondary B aquifers are predominantly lower permeability layers which may

store and yield limited amounts of groundwater due to localised features such as
fissures, thin permeable horizons and weathering. These are generally the
water-bearing parts of the former non-aquifers.

2.3.5.

Secondary (undifferentiated) aquifers are classified as such due to the formation

previously having been designated as both a minor aquifer and non-aquifer (now

Planning Inspectorate Scheme Ref: TR010039
Application Document Ref: TR010039/APP/6.3
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defined as Secondary A and Secondary B respectively) in different locations,
due to variable characteristics of the rock type. As such Secondary
(undifferentiated) aquifers are likely to contain lower permeability layers and
perched aquifers.

2.3.6.  Unproductive strata are rock layers or superficial deposits with low permeability
that have negligible significance for water supply or river baseflow (Environment
Agency, 2021b).

2.3.7. The bedrock and superficial aquifers have a combined groundwater vulnerability
classification of high risk in areas where there is limited cover of superficial
deposits and the Lower Lincolnshire Limestone is exposed. This is found in the
vicinity of the A1/A47 junction in the west of the site and along Sutton Heath
Road in the east. Areas of medium to high risk are associated with exposure of
the Grantham Formation in the west of the site and the Upper Lincolnshire
Limestone in the east. Areas of medium to low risk are associated with cover of
alluvium and river terrace deposits in the vicinity of the River Nene. Soluble rock
risk is associated with the Limestone bedrock under the site.

Groundwater levels and flows
Regional groundwater level monitoring

2.3.8. The nearest EA groundwater level monitoring boreholes are located within the
Sutton Heath and Bog SSSI to the north of the Proposed Scheme and west of
Sutton Heath Road. There are three monitoring boreholes, two of which monitor
the Lincolnshire Limestone and one that monitors the superficial sands and
gravels. Data has been provided by the EA for between March 1998 and March
2020. Details of the monitoring boreholes and a summary of water levels is
provided in Table 2.

Table 2 Summary of EA groundwater level monitoring within Sutton Heat and Bog SSSI

Borehole NGR Monitoring Horizon 1998 - 2020 Water levels (maOD)

Reference
Number Minimum Average Maximum

Lincolnshire Limestone

3/032 509070
300040

3/034 509030 Lincolnshire Limestone 17.95 18.67 20.23
300230

8/913 508840 Superficial sands and 11.13 11.61 12.02
300060 gravels

2.3.9. A hydrograph summarising these EA groundwater levels is given below in Figure
1. There is a period of spurious data from BH3/032 in from April 2018 to June
2019, which has been interpreted to be erroneous data. Figure 2 highlights that
long-term groundwater levels within the Lincolnshire Limestone have been

Planning Inspectorate Scheme Ref: TR010039 Page 8
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Water Level (maoD)
=
B

relatively stable with a very slight downwards trend and a seasonal range in the
order of 1m. Groundwater levels in the superficial sands and gravels follow a
similar, albeit muted, pattern and with a seasonal range of around 0.6 — 0.8m.

QAL -y A o Bl N AN

5

01/01/1998

27/08/2000 24/06/2003 20/03/2006 14/12/2008 10/09/2011 06/06/2014 02/03/2017 27/11/2019 23/08/2022

Date

—@—3/032 (Lincolnshire Limestone) —8— 3/034 [Lincolnshire Limestone) —8— 2913 [Superficial sands and gravels)

Figure 1 EA monitoring boreholes at Sutton Heath and Bog SSSI, 1998 to 2020.

Site groundwater level monitoring

2.3.10.

2.3.11.

Groundwater was encountered within 21 exploratory holes during drilling, with
strikes associated mainly with the Lincolnshire Limestone Formation and
Grantham Formation, but also the Lias Group. 19 exploratory boreholes were
fitted with 50mm diameter standpipe installations to monitor groundwater levels.
Groundwater level monitoring data was collected during and post fieldwork
between September 2018 and January 2019 and also between September 2020
and February 2021, as summarised in Table 3 and presented in Figure 2.

The majority of boreholes monitoring bedrock aquifers have installations that are
screened over several horizons (BH3A, BH6, BH7, BH9, BH11, BH13, BH18,
BH20, BH27 and BH37A). Where this is the case, groundwater levels are
broadly found to be close to the top of, and within, the Grantham Formation
across the study area, however. Table 3 highlights that groundwater levels are
generally close to ground level across the Proposed Scheme.

Planning Inspectorate Scheme Ref: TR010039 Page 9
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Discussion of groundwater level monitoring
Superficial deposits

2.3.12.

2.3.13.

Boreholes monitoring the river terrace deposits in the study area (BH36 and
BH39) recorded maximum groundwater levels of between 2.75mbGL
(16.79ma0D) and 4.76mbGL (12.17maOD) and with a total range in levels of
around 0.4m.

In comparison, the long term seasonal range in groundwater levels in borehole
8/913 at Sutton Heath and Bog SSSI is around 0.6 to 0.8m, suggesting that the
seasonal maximum groundwater level has the potential to be up to 0.4m higher.

Rutland Formation

2.3.14.

There is one borehole installation monitoring the Rutland Formation (BH37A), in
the east of the study area, and adjacent to Sutton Drift. This is generally dry with
intermittent groundwater levels recorded in the winter period at an approximate
depth of ~5mbGL (14.3maOD). However, as the response zone ends at
5.10mbGL it is likely that groundwater levels are generally below the base of the
installation. Groundwater levels recorded at this location in the Rutland
Formation are in the order of 2m lower than in the overlying river terrace
deposits.

Lincolnshire Limestone Formation

2.3.15.

2.3.16.

Only one borehole installation was screened in the Lincolnshire Limestone alone
(BH29), which is situated in a low-lying area near the confluence between the
Wittering Brook and River Nene. Groundwater levels recorded in this borehole
are the shallowest in the bedrock within the study area, ranging between
2.15mbGL (7.72ma0D) and 0.41mbGL (9.46maOD). Elsewhere, where
boreholes are installed with response zone across multiple horizons, the
Lincolnshire Limestone Formation is found to be dry.

A number of springs and issues are present in the area, which coincide with the
contact point between the base of the Lincolnshire Limestone Formation and the
underlying Grantham Formation of Whitby Formation. This is discussed further
in the following section on surface water — groundwater interactions.

Grantham Formation

2.3.17.

Groundwater levels across the site are generally found to coincide with the top of
the Grantham Formation. The majority of boreholes monitoring the Grantham
Formation also monitor the Lincolnshire Limestone Formation and sometimes
also the Lias Group. The cross section through the Sacrewell Farm access road
show presented in Figure 3 illustrates, however, that irrespective of the length of
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the response zone, groundwater levels generally coincide with the top of the
Grantham Formation. It is likely that the Grantham Formation is in hydraulic
continuity with the overlying Lincolnshire Limestone. Further cross sections are
included in Annex B. 2020 GIR geological cross sections.

Planning Inspectorate Scheme Ref: TR010039 Page 14
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2.3.18.

Groundwater levels within the Grantham Formation generally range between 2.5
and 7.3mbGL (17.2 and 23.5maOD) along the A47 route, although at the point
where the A1 crosses Mill Stream (BH01A) groundwater levels are closer to
ground level (0 — 1.35mbGL; 18 — 19.4mAQD). It is likely that groundwater levels
are generally controlled by springs issuing from the upper boundary of the
Grantham Formation, although groundwater levels also appear to fall towards
the River Nene. Adjacent to watercourses such at Mill Stream and Wittering
Brook, groundwater levels in the Grantham Formation are also likely to be
controlled by surface water as noted by baseflow contributions discussed below.

Lias Group

2.3.19.

2.3.20.

Surface

2.3.21.

2.3.22.

Five boreholes monitored the fissured Lias Group (BH16, BH24, BH26, BH27
and BH34).

Groundwater levels in the Lias Group appear to be influenced by proximity to the
River Nene. Lias Group boreholes closest to the river (BH24, BH25 and BH27)
have recorded groundwater levels ranging between 1.4 and 5.3mbGL (8.8 and
13mAQD). Further away from the river, however, groundwater levels have been
recorded in the Lias Group at between 6.35 and 8.62mbGL (15.9 and
21.3mAOD). Groundwater levels in the Lias Group are generally lower than
adjacent groundwater levels in the Grantham Formation.

water — groundwater interactions

In response to the Scoping Report, the Environment Agency provided details of
their hydrogeological conceptualisation of groundwater — surface water
interactions at Sutton Heath and Bog SSSI (see Annex C). Investigations
undertaken by the EA indicate that in this area the Lincolnshire Limestone
Formation outcrops, giving way to the underlying Grantham Formation and
Whitby Formation at the western boundary of the SSSI. Groundwater modelling
in this area indicates a downwards groundwater flow direction. The Lincolnshire
Limestone Formation is recharged by rainfall, and infiltration through the
limestone aquifer is likely to be rapid due to its permeable nature. Groundwater
subsequently discharges as springs downslope at the boundary of the
Lincolnshire Limestone Formation and the Grantham Formation/Whitby
Mudstone Formation, further confirming the high permeability nature of the
Lincolnshire Limestone Formation. This conceptualisation is likely to apply to
other springs in the area observed at the base of the Lincolnshire Limestone
Formation.

The Environment Agency also provided information from their groundwater
model on interactions between groundwater and surface water for Mill Stream
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and Wittering Brook under wet, dry and average recharge scenarios. This is
summarised below in Table 4.

Table 4 Summary of baseflow recharge modelling from the EA

Periods of rainfall Flow type Mill Stream Wittering Brook

>5 Mi/id

Dry Stream flow 0.5-35Mid

Baseflow <0.1 Mid <0.1 Mid

Average Stream flow 5-50 MiId >50 MlI/d

Baseflow <0.5MIid <0.5 MId

Stream flow >50 MI/d >50 MI/d

Baseflow Up to 1 Mi/d <0.5 MI/d

2.3.23. The Environment Agency concluded that in all scenarios the watercourses do
not lose water to ground. This is supported by vertical flow volume predictions,
which suggest a small volume of upward leakage from the superficial deposits
(Where present) and from the bedrock into the superficial deposits along the
watercourse routes. Modelling also confirmed that groundwater levels should be
close to ground level in the Mill Stream and Wittering Brook area.

2.3.24. The River Nene has a baseflow index of 0.6 at Wansford (UKCEH, 2021)
indicating that there is a moderate baseflow supply from groundwater. This is
likely from underlying the superficial deposits (alluvium) and as such may be
indirectly fed by the bedrock aquifers, either via seasonal springs discharging at
the contact between the Lincolnshire Limestone Formation and Grantham
Formation or Whitby Mudstone Formation, or via upwards hydraulic gradients
from underlying bedrock, where this is permeable.

Aquifer properties

2.3.25. The properties of the aquifer define its capacity to release water and the ability of
groundwater flow to be transmitted with ease.

2.3.26. The results of the infiltration tests from the ground investigation are presented in
Table 5, below. These show that the river terrace deposits have an infiltration
rate in the region of 3 x 102to 1 x 10'm/s. Results for the weathered
Lincolnshire Limestone Formation are lower in the range of 2 to 9 x 10°m/s.

2.3.27. The Lincolnshire Limestone is noted by the (Griffiths ef al., 2006) as having low
primary intergranular porosity and permeability, in the range of 10*m/d (10°m/s)
and high secondary permeability resulting from fracturing of tectonic origin which
is enhanced by karstic weathering. Griffiths et al., 2006 indicate that

Planning Inspectorate Scheme Ref: TR010039 Page 17
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transmissivity within the Lincolnshire Limestone can range from 100 to
250m?%/day when unconfined and 2000 to 10000 m?/day when confined.

2.3.28. Groundwater flow within the Lincolnshire Limestone Formation may therefore be
dependent on fracture flow, and the hydraulic conductivity is therefore highly
dependent on the presence, orientation and interconnectivity of fracturing. The
infiltration test results are, however, within the likely range of hydraulic
conductivity for a fractured limestone but there is potential that permeability
could be higher.

Table 5 Summary of soakaway infiltration tests from the ground investigation

Trial Pit Depth (mBGL) Response zone Minimum Infiltration Associated

formation Rate (m/s) structure?
TP14 1.44 Weathered Lower 192x10°
Lincolnshire Limestone
Formation

TP27 1.50 Weathered Upper 8.96 x 10°
Lincolnshire Limestone
Formation

TP28 1.50 Weathered Lower 427 x10% Infiltration basin F
Lincolnshire Limestone (design depth of
Formation 1.30mbGL)

TP29 1.46 River Terrace Deposits 2.82x107? Infiltration basin L
(design depth of
1.75mbGL)

TP30 1.46 River Terrace Deposits 1.16 x 107

2.3.29. Small scale dissolution features were noted in ground investigation boreholes
within the main body of the Lincolnshire Limestone Formation (Sweco, 2020).
This suggests there may be localised areas where the secondary permeability
may be several orders of magnitude higher than those recorded in infiltration
tests.

2.3.30. The Rutland Formation is a secondary B aquifer and the Grantham Formation is
a secondary undifferentiated aquifer which are both likely to have lower
intergranular permeability than the overlying Lincolnshire Limestone, but may
also be controlled by the presence of fractures. The underlying Whitby Mudstone
Formation is likely to have a low intergranular permeability but may store water
where fractured or fissured.

Groundwater quality

2.3.31. Surface water, groundwater and leachate quality sampling was carried out as
part of the 2019 ground investigation and is presented in the Ground
Investigation Report (Sweco, 2020). It was noted that when compared to
Drinking Water Standards (DWS) for groundwater there were marginal
exceedances of Ammoniacal Nitrogen (BH24 and 26) and Boron (BH24, BH26,
BH27 and BH34). Additional groundwater quality sampling, completed in
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October 2020, identified exceedances of chloride (BH1A, BH3A, BH24, BH26
and BH29). A summary of the sampling results of key road drainage pollutants,
including copper, zinc and chloride are provided in Table 6.

Table 6 Summary of groundwater results from 2020 groundwater quality monitoring

Total
Debth Total Total Total Total el IE o of 16
Location (msGL) Copper Zinc Cadmium Chloride (ug/l) (uygll) PAH's
(ngh) (ng/l)  (ugl) (mg/l) (total)
(ug/l)
BH1A 027 1.7 13 <0.080 360 <01 <01 <20
BH3A 8.02 38 6.7 <0.080 640 <0.1 <0.1 <20
BH16 8.01 | 12/10/2020 21 42 <0.080 56 <0.1 <0.1 <20
BH18 6.27 <10 75 <0.080 93 <01 <01 <20
BH20 445 <10 29 <0.080 38 <01 <01 <20
BHO7 6.05 <10 12 <0.080 190 <01 <01 <20
13/10/2020
BH09 488 17 36 <0.080 170 <0.1 <0.1 <20
BH24 1.69 28 15 <0.080 410 <0.1 <01 <20
BH26 3.07 21 29 <0.080 400 <01 <01 <20
14/10/2020
BH27 452 <10 38 <0.080 95 <01 <01 <20
BH29 1.51 <10 36 <0.080 320 <01 <01 <20
BH33 767 <10 22 <0.080 240 <0.1 <0.1 36
13/10/2020
BH34 717 <10 7 <0.080 24 <0.1 <01 36

Limit of

Detection

2.3.32. BGS baseline reporting for the Lincolnshire Limestone (Griffiths et al., 2006)
indicates that there is significant variability in groundwater quality across the
principal aquifer and that baseline quality is best represented by a range rather
than any single value. However, they did note that in much of the unconfined
aquifer ‘baseline’ conditions will have been modified by anthropogenic influences
and high nitrates and elements indicative of pollution (such as sulphate and
chloride) may be elevated.

2.4. Groundwater resources
Groundwater abstractions

24.1. The site is not within any source protection zones for groundwater abstraction.

24.2. There are no licensed or unlicensed groundwater abstractions within the 1km
study area, although there are two unlicensed abstractions just outside the
western extent of the study area. These are to the west and south-west of the
A1 as shown in Annex A Location plan. These likely abstract from the Lower
Lincolnshire Limestone based on local borehole records and 1:50,000 geological
mapping (BGS, 2021a).

Planning Inspectorate Scheme Ref: TR010039 Page 19
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Consented discharges to groundwater

2.4.3.

The are no recorded consented discharges to groundwater within 1km of the
study area.

Designations

Water Framework Directive

2.5.1.

2.5.2.

2.5.3.

2.54.

The aquifers underlying the application site are included in:

e Welland Limestone Unit A groundwater body (GB40501G445900) within the
Welland Limestone Unit A operational catchment

o Coincides with presence of the Lincolnshire Limestone Formation in the
western half of the study area and around the Sutton Heath Road
junction.

e Nene Mid Lower Jurassic Unit groundwater body (GB40502G402400) within
the Nene Mid Lower Jurassic Unit operational catchment

o Found in the middle of the site where the Grantham Formation and
Whitby Mudstone Formation cross the A47, and generally follows the
route of the River Nene.

e Northampton Sands groundwater body (GB40501G445500) within the
Northampton Sands operational catchment

o Found to the east of Sutton and where the Rutland Formation is present.

e Welland Limestone Unit A groundwater body (GB40501G445900) within the
Welland Limestone Unit A operational catchment

o Coincides with presence of the Lincolnshire Limestone Formation in the
western half of the study areas and around the Sutton Heath Road
junction.

All of the groundwater bodies are found within the Anglian GW management
catchment (Environment Agency, 2021a). Details of the groundwater bodies are
summarised in Table 7.

The Nene Mid Lower Jurassic Unit and Northampton Sands groundwater bodies
have ‘Good’ Chemical and Quantitative status from 2019 cycle 2 assessment.

The Welland Limestone Unit A groundwater body has ‘Poor’ Chemical and
‘Good’ Quantitative status from 2019 cycle 2 assessment. The Chemical status
is limited by the Chemical Drinking Water Protected Area and General Chemical
Test criteria, which both scored poorly as a result of pollution associated with
waste treatment and disposal in the form of landfill leaching. Objectives are to
achieve ‘Good Chemical Status by 2027 by natural recovery.

Planning Inspectorate Scheme Ref: TR010039 Page 20
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Table 7 Summary of WFD groundwater bodies within the study area (Environment Agency, 2021b)

Category Details

Quality (Cycle 2
-2019)

Water body ID GB40502G402400 GB40501G445500 GB40501G445900

;GV:,:?; body Nene Mid Lower Jurassic Unit | Northampton Sands Welland Limestone Unit A
Operational Nene Mid Lower Jurassic Unit | Northampton Sands Welland Limestone Unit A
Catchment operational catchment operational catchment operational catchment
Management Anglian GW Management Anglian GW Management Anglian GW Management
Catchment Catchment Catchment Catchment

River Basin . . .

District Anglian Anglian Anglian

Overall

Classification Good Good Poor

(Cycle 2 -2019)

Current

Quantitative

status (Cycle 2 — Good Good Good

2019)

Current

Chemical Good Good Poor

Chemical
Objective

Good (by 2015)

Good (by 2015)

Good (by 2027)

Protected Areas

Drinking Water Protected Area

e Nene Mid Lowe
Jurassic Unit,
UKGB40502G402400

Nitrates Directive

e Lincolnshire
Limestone, G69

e Northampton Sands,
G165

Drinking Water Protected Area

e Northampton Sands,
UKGB40501G445500

Nitrates Directive

e Bedford Great Oolite,
G74

e Lincolnshire
Limestone, G69

e Northampton Sands,
G165

Drinking Water Protected Area

e Welland Limestone
Unit A,
UKGB40501G445900

Nitrates Directive

e Lincolnshire
Limestone, G69

Groundwater Dependent Terrestrial Ecosystems

Designated sites which are potentially hydraulically linked to the study area are

There are no Ramsar sites, Special Areas of Conservation (SAC), Special

Protection Areas (SPA), Local Nature Reserves (LNR) or National Nature

255.
included in this assessment.
2.56.
Reserves (NNR) within the 1km study area.
Priority Habitats
25.7.

Lowland Meadow Priority Habitats are located along the River Nene and the

floodplain to the south. Lowland fens receive water and nutrients from the
underlying soil, rock and groundwater. They are recognised as a priority habitat

Planning Inspectorate Scheme Ref: TR010039
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2.5.8.

SSSis

2.5.9.

2.5.10.

2.5.11.

under the UK Biodiversity Action Plan (Joint Nature Conservation Committee,
2016). The following Priority Habitats have been identified;

e ALowland Fen (TG 0812899399) is located on the south bank of the River
Nene immediately east of A1 carriageway and west of a small track that
comes off the A1 and heads north-east. It is underlain by, and likely fed by,
river terrace deposits

e A lLowland Fen (TG 0742899346) is located on the other side of this track
and includes the River Nene and an area on the south bank. This continues
towards Sutton Drift to the east. It is underlain by, and likely fed by, alluvium
and river terrace deposits

A county wildlife site (Sutton Marshes North CWS) has been identified within the
study area which is associated with both fen habitats listed above. As there is
likely hydrogeological connection between the Proposed Scheme and these
groundwater dependent terrestrial ecosystems, these are considered further in
the Groundwater Dependent Terrestrial Ecosystems assessment. Other county
wildlife sites within the study area contain either woodland or flood meadow wet
grassland habitats that are not considered to be groundwater dependent
terrestrial ecosystems.

Within the 1km study area there are three Sites of Special Scientific Interest
(SSSI). These are:

e Sutton Heath and Bog SSSI (Natural England, 1983) found on the north side
of the A47 adjacent to Sutton Heath Road in the middle of the study area

e Wansford Pasture SSSI (Natural England, 1985) approximately 0.5km south-
west of the A1/ A47 junction

e West, Abbot’s and Lound Woods (Natural England, 1987) approximately
0.6km to the west of the A1, near the northern extent of the Proposed
Scheme boundary

Sutton Health and Bog SSSI sits directly on the Lincoln Limestone Formation
outcrop, giving way to the underlying Grantham Formation and Whitby Mudstone
to the western boundary. As discussed in the Surface water — groundwater
interactions section, the EA believe the bog is likely to be entirely rainfall-
dependent with rapid rainfall infiltration through the Lincolnshire Limestone
Formation, which re-emerges as springs downslope at the boundary of the
Lincolnshire Limestone Formation and the Grantham Formation/Whitby
Mudstone Formation.

Wansford Pasture SSSI is noted as overlying an outcrop of the Lower
Lincolnshire Limestone on the upper part of its south-facing slope. Springs and a
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2.5.12.

2.6.1.

2.7.1.

2.8.1.

flush are noted at the junction with the Lower Lincolnshire Limestone and beds
of the “Upper Estuarine Series exposed below” (Natural England, 1985). This is
interpreted as the Grantham Formation (previous known as the Lower Estuarine
Series). The springs flow eastwards towards the River Nene and as such the
Wansford Pasture SSSI is not considered to be down-gradient of the Proposed
Scheme.

West, Abbot’s and Lound Woods SSSI is designated for its woodland habitat
and is not considered to be groundwater dependent. Therefore, it has not been
taken forward for further assessment.

Groundwater flooding

BGS records indicate that most of the site to the east of Wansford East
Roundabout is susceptible to groundwater flooding of properties situated below
ground level. In addition, several areas are susceptible to groundwater flooding
at surface, generally coincident with the location of watercourses (Wittering
Brook and the River Nene).

Climate change

The climate change projections do not affect the overall annual recharge
volumes for groundwater, although the groundwater recharge season is likely to
be shorter and more intense, leading to more variable groundwater levels and a
greater drought vulnerability (Environment Agency, 2019).

Summary of findings

This section provides a summary of findings in the form of a hydrogeological
model, and highlights uncertainties relating to the datasets considered.

Hydrogeological conceptual model

2.8.2. The default study area comprises a 1km buffer zone of the Proposed Scheme
based on professional judgement of the groundwater flow pathways this is
considered appropriate.

2.8.3. The study area is found within the Nene Mid Lower Jurassic Unit
(GB40502G402400) groundwater body (overall classification 2019 — Good), the
Northampton Sands (GB40501G445500) groundwater body (overall
classification 2019 — Good) and Welland Limestone Unit A (GB40501G445900)
groundwater body (overall classification 2019 — Poor). These are all within the
Anglian GW Management Catchment.
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2.84.

2.8.5.

2.8.6.

2.8.7.

2.8.8.

2.8.9.

Groundwater monitoring indicates that the main bedrock aquifer units in the
study area are the Lincolnshire Limestone Formation, where saturated, and the
Grantham Formation. Groundwater was also observed within the Whitby
Mudstone Formation.

The Lincolnshire Limestone Formation principal aquifer appears to be mostly
unsaturated within the study area. Groundwater modelling indicates that in areas
of higher ground and away from watercourses, the Lincolnshire Limestone
Formation is recharged by rainfall and rapid infiltration due to its permeable
nature results in downwards groundwater flow Groundwater subsequently
discharges as springs at the contact point between the Lincolnshire Limestone
Formation and the underlying Grantham Formation / Whitby Mudstone
Formation and flow towards either the Mill Stream, Wittering Brook or the River
Nene. This highlights its importance as a source of water for superficial deposits
beneath the River Nene, and ultimately also the River Nene. The permeability of
the Lincolnshire Limestone Formation was recorded to be in the order of 2 to 9 x
10-°m/s in infiltration testing.

Groundwater levels in the area are controlled by springs emerging from the base
of Lincolnshire Limestone Formation, and possibly also fracturing within the top
of the Grantham Formation. Groundwater levels within the Grantham Formation
generally range between 2.5 and 7.3mbGL (17.2 and 23.5maOD). Groundwater
levels are found to be much closer to ground at the northern extents of the
Proposed Scheme, adjacent to Mill Stream, where groundwater levels are likely
to be controlled by surface water due to baseflow contributions from
groundwater into the stream. The Lincolnshire Limestone Formation and
Grantham Formation are likely to be in hydraulic continuity, although the
Lincolnshire Limestone Formation is significantly more permeable. Similarly, the
overlying Rutland Formation is also assumed to be in hydraulic continuity with
the Lincolnshire Limestone Formation.

To the east of Sutton Heath Road, groundwater has been identified within the
Rutland Formation at depths of 5SmbGL or deeper. Groundwater levels in the

overlying river terrace deposits range between 2.75 and 4.76mbGL, although
may be up to 0.4m higher.

Permeability in the superficial deposits is likely variable depending on local
characteristics. Infiltration tests conducted in the river terrace deposits obtained
results in the range of 3x10-2 to 1x10-" m/s which is considered to be a high
result for sands and gravels (Freeze & Cherry, 1979).

Groundwater quality results from the 2019 ground investigation indicate elevated
ammoniacal nitrogen and boron, which may be reflective of anthropogenic
influences on the unconfined aquifer.
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2.8.10.

2.8.11.

2.8.12.

A source protection zone (SPZ) 2 (Outer Protection Zone) is found along the
northern boundary of the Study Area. This is associated with groundwater
abstractions to the North of the Proposed Scheme.

There are no licensed abstractions within the study area. Two unlicensed
groundwater abstractions, below 20m3/day, are noted the study area. These are
to the west and south-west of the A1 and likely abstract from the Lower
Lincolnshire Limestone.

Groundwater dependent terrestrial ecosystems within the study area comprise a
County Wildlife Site (Sutton Meadows North) associated with lowland fen priority
habitats along and to the south of the River Nene and two SSSI’'s (Wansford
Pasture SSSI and Sutton Heath and Bog SSSI). Wansford Pasture SSSI is not
considered to be directly down-gradient of the Proposed Scheme, however.

Receptors

2.8.13.

The main direct groundwater receptors within the study area are as follows:

e The main direct groundwater receptors within the study area are:

o Aquifer units of the Nene Mid Lower Jurassic Unit groundwater body and
the Welland Limestone Unit A comprising:

= Lincolnshire Limestone
=  Grantham Formation

o Superficial aquifers including the Northampton Sands groundwater body
comprising:

= Alluvium
= River Terrace Deposits
= Rutland Formation
¢ The main indirect groundwater receptors within the study area are:

o Two unlicensed groundwater abstractions believed to take from the Lower
Lincolnshire Limestone.

o Designated sites associated with groundwater dependent terrestrial
ecosystems (GWDTEs), including:

= Sutton Heath and Bog SSSI
» Wansford Pasture SSSI
=  Sutton Meadows North CWS
o Surface water features supplied by groundwater:
= River Nene, Mill Stream and Wittering Brook
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Limitations and uncertainty

2.8.14.

2.8.15.

2.8.16.

2.8.17.

This groundwater assessment is constrained by the information available; the
ground investigation has provided comprehensive data relating to the geology
and hydrogeology within the Site (the Proposed Scheme boundary), but data is
limited outside of this. The data collected may therefore not necessarily fully
represent the regional hydrogeological conditions, particularly with respect to
hydraulic gradients and direction of groundwater flow.

Since the Gl was undertaken the position of the proposed A47 realignment has
moved northwards between Sutton Heath Road and Upton Road. There is
therefore limited information directly between the Proposed Scheme in this area.
Other areas, such a proposed below-ground structures, may also require further
investigation and monitoring to ascertain accurate hydraulic properties and
groundwater level ranges in order to better understand any groundwater control
measures and subsequent impacts of construction. Further details of
construction methods will also be required to assess the associated potential
dewatering requirements.

In addition, whilst over a year of groundwater level monitoring data has been
collected, there is the possibility that this does not reflect long term seasonal
maximums and minimums.

Further limitations in the datasets used include the extents of the groundwater
flooding susceptibility dataset, which is limited to a 500m corridor around the
existing road, and restricted location descriptions for unlicensed groundwater
abstractions due to General Data Protection Regulations.
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3.

3.1.1.

3.1.2.

3.1.3.

3.1.4.

3.1.5.

3.1.7.

Potential impacts

The key intrusive structures that may have an impact on groundwater are the
Sacrewell Farm underbridge (S05) and the Wansford NMU underpass (S02).
The indicative maximum construction depth for the Sacrewell Farm underbridge
is 6.5mbGL (19.5maOD) and for Wansford NMU underpass is 5.5mbGL
(11.43maOD). These are subject to confirmation following confirmatory Gl,
however.

The key road drainage features that may have an impact on groundwater quality
are two infiltration ponds and filter drains discharging to ground. Infiltration pond
INF F is located to immediately to the south-west of the Sacrewell Farm
underbridge, and INF L is located to the south of the A47, adjacent to the
junction with Sutton Drift. Filter drains are extensive throughout the Proposed
Scheme. Furthermore, the outfall for road drainage at the northern tie in for the
Sutton Heath slip road is expected to drain to a ditch adjacent to the Sutton
Heath and Bog SSSI boundary.

Other elements of the road construction are also considered, including site
compounds and utilities diversions in the study area. Site compounds are
proposed adjacent to Sacrewell Farm and to the east of Sutton Heath and Bog
SSSI.

The locations of the key structures and road drainage features are presented in
the location plan in Annex A.

A simple hydrogeological assessment of the construction and operational
activities relating to these structures is presented in Table 8 and Table 9.

Sichardt empirical calculations have been used to estimate the potential radius
of influence from excavations required for the Sacrewell Farm underbridge (S05)
and the Wansford WCH underpass (S02), which are anticipated to intersect
groundwater. The results of these calculations are presented in Annex F
Sichardt calculations of Radius of Influence. The radius of influence at the
Sacrewell Farm underbridge (S05) is 87m and at the Wansford WCH underpass
(S02) is 72m, using a worst case permeability of 5.80x10 m/s for both. The
permeability is based on transmissivity values confirmed by the BGS (Griffiths et
al., 2006) across the entire unconfined Lincolnshire limestone and is likely to be
an overestimate for permeability within the Grantham Formation on site. These
will both be reinvestigated following supplementary Gl being completed at the
structure locations.

The use of the Sichardt formula is discussed within the Environment Agency’s
guidance document Hydrogeological Impact Appraisal for Dewatering
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3.1.8.

Abstractions (2007). Whilst the formula provides an estimate of the radius of
influence, it is limited due to not being consistent with the principle of the impact
of an abstraction spreading until it has captured sufficient water (EA, 2007).
Therefore, the radius of influence results is a preliminary assessment of risk to
nearby receptors. The radius of influence will be considered further at the
detailed design stage following completion of the baseline groundwater level
monitoring and the supplementary ground investigation.

Intercepting groundwater may necessitate groundwater control measures to be
incorporated in the construction methodology and operation design. Temporary
dewatering will be subject to licensing, which requires a detailed Hydrogeological
Impact Assessment (HIA) to be undertaken. The potential dewatering
requirements will be considered further at the detailed design stage following
completion of the baseline groundwater level monitoring and the supplementary
ground investigation.
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4,

41.1.

4.1.2.

Risk assessment

Introduction

Infiltration to ground has been included in the drainage design. Groundwater
quality and routine runoff assessments have been completed for infiltration
basins INF F and INF L and for filter drains across the Proposed Scheme. These
assessments are discussed in Section 4.2.

Groundwater dependent terrestrial ecosystems (GWDTESs) have been identified
as receptors to construction and operation activities. These are therefore
considered further in Section 4.3.

Groundwater quality and routine runoff assessment

Simple assessment

4.2.1.

4.2.2.

4.2.3.

Groundwater quality and runoff risk assessments were completed for all
catchments containing filter drains and infiltration basins to assess the risk of
impact upon groundwater quality from routine runoff. This assessment is based
on the ‘source-pathway-receptor’ model, as per Appendix C of LA 113.

Road drainage catchments are shown in Annex D. Filter drains are proposed
along the A1 — A47 eastbound slip road (catchments A, B, E and F), the A47
east and westbound (catchments F, H, |, J, L and P), the Sacrewell Farm access
road (catchment K) and the Sutton Heath slip road and junction with the existing
Sutton Heath Road (catchments L, M and N). Infiltration basins are also included
in catchments F and L as the final point of discharge for road drainage.

Input parameters were derived from ground investigation data and publicly
available information. These are in line with the conceptualisation outlined above
in Section 2.8 and are summarised below in Table 10. Where no information is
available, for example along the Sutton Heath slip road (catchments L, M and
N), worst case assumptions have been made to give a conservative result.
Results are summarised in Table D.1 (Annex D) and show that infiltration of
untreated routine road runoff presents a medium risk to groundwater in all
catchments. This is primarily due to the depth to the water table and low organic
matter content in the unsaturated zone.
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Table 10 Summary of HEWRAT risk assessment input parameters

Input parameter Detail

Traffic flow

AADT model data. This is generally <50,000 for each catchment, with the exception
of catchments F and L (>50,000 and <100,000)

Rainfall depth (annual
averages)

Average based on warm/dry climatic region from nearest UK rainfall monitoring site
(Huntingdon; <740mm).

Drainage area ratio

Determined as ‘drainage area of road’/’'active surface area of infiltration device’,
where the surface area is that part of the device through which most downward
discharge will occur. <50 selected for catchments with either filter drains or
infiltration basins.

Infiltration method

“continuous” selected to reflect overall dimensions of filter drains

For catchments where the final discharge point is via infiltration basin (catchments
F and L), “region” is selected.

Unsaturated zone

A conservative estimate of the depth to water table was based on groundwater
monitoring data available for the monitoring boreholes from the ground
investigation. “<5m” selected for all catchments, with exception of Catchments B, E
and F, where “>5 and <15m” selected.

Flow type

“Flow dominated by fractures/ fissures” selected where infiltration features
discharge to the Lincolnshire Limestone Formation (catchments A, B, E, F, H and
K).

“Mixed fracture and intergranular flow” selected where discharge to river terrace
deposits and/or underlying fractured bedrock (catchments |, J, L and P)

“Dominantly intergranular flow” where discharge to the Rutland Formation
(catchments M & N)

Unsaturated zone clay content

Particle size distribution results were available for a number of ground investigation
borehole samples across the Proposed Scheme. The result was selected based on
the underlying geology (<1% for Lincolnshire Limestone Formation and Rutland
Formation, <15% for river terrace deposits).

Organic carbon

SOM results range between 0.2 and 2.5% SOM for all samples - conservative
approach adopted by selecting <1% for discharges to bedrock and >1% and <15%
for discharges to river terrace deposits

Unsaturated zone soil pH

Soil pH <=8 for majority of samples from unsaturated zone

Detailed assessment

424 Asthe HEWRAT assessment for infiltration to ground produced a medium risk
result, consultation was undertaken with the Environment Agency, in line with
the assessment guidance. Initial consultation with the Environment Agency on
11 November 2020 focused on the infiltration basins, and the Environment
Agency confirmed that their key concerns were as follows:

e That shallow groundwater levels may reduce the potential effectiveness of the
infiltration basins, should groundwater mounding occur, for example

e Spillage containment should be included for the infiltration features

4.25. The potential effectiveness of the infiltration features, in terms of infiltration
capacity and potential for groundwater mounding has been commented on
below. The drainage network includes filter drains and/or gullies and pollution
control valves upstream of the infiltration basins to capture pollutants. The
efficacy of the filter drains as an integral part of the road drainage treatment
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train, specifically for discharges that outfall to surface waterbodies has also been
assessed within the HEWRAT routine runoff assessment for surface water
(Volume 3, Appendix 13.3 (Water quality assessment)) (TR010039/APP/6.3).

Infiltration capacity

4.2.6.

4.2.7.

4.2.8.

4.2.9.

Infiltration basin F is underlain by the Lincolnshire Limestone Formation and
infiltration basin L is underlain by river terrace deposits and the Rutland
Formation. The depth to water table at each infiltration structure has been
estimated based on the nearest available groundwater monitoring borehole. The
water table at Infiltration basin F is approximately 6.7mbGL (BH13) and at
Infiltration basin L is approximately 4.4 to 5.0 mbGL (BH37A).

Permeability rates for both the Lincolnshire Limestone Formation and river
terrace deposits was tested during the Gl and found to be acceptable for
infiltration to ground. Permeability rates for the Lincolnshire Limestone Formation
are expected to be at least 2x10-° m/s, although is potentially higher due to
fracture flow. Permeability rates for the river terrace deposits are expected to be
at least 2 x 10?m/s. Due to the high anticipated permeabilities of the
Lincolnshire Limestone Formation and the river terrace deposits, groundwater
mounding below the infiltration basins is not anticipated.

Where filter drains are present in locations with similar ground conditions to the
infiltration basins, these are also considered unlikely to affected by groundwater
mounding. Groundwater levels in catchment A, where the A1 crosses Mill
Stream, are particularly shallow and have been recorded to be at ground level.
Unlined filter drains in this area pose a particular risk in terms of groundwater
mounding.

Filter drains are also present along the Sutton Heath slip road where the Rutland
Formation outcrops. Although no permeability tests were undertaken in Rutland
Formation, this is expected to have a relatively low permeability due to its
Secondary B aquifer status. Furthermore, there is no groundwater level
monitoring data available away from the A47, and therefore there is no data
available along the Sutton Heath slip road. Whilst groundwater monitoring of the
Rutland Formation at BH37A suggests that groundwater levels adjacent to the
A47 may be at around 5mbGL, the depth to the water table is likely to be greater
further north on areas of higher ground away from the River Nene. Filter drains
in this area will be reassessed following collection of additional groundwater
level and permeability information in the supplementary Gl.

Summary of risk to groundwater

4.2.10. The detailed assessment on infiltration capacity highlights that whilst the

infiltration basins pose a medium risk to groundwater, groundwater mounding is
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4.2.11.

4.2.12.

4.2.13.

4.3.1.

4.3.2.

4.3.3.

unlikely to be issue due to the highly permeable nature of the Lincolnshire
Limestone Formation and river terrace deposits.

Filter drains also pose a medium risk to groundwater across the Proposed
Scheme. Where groundwater levels are particularly shallow, such as in
catchment A on the A1 adjacent to Mill Stream, there is a risk of groundwater
mounding beneath the filter drains. There is limited information of the infiltration
capacity in the area surrounding the Sutton Heath slip road, which is to be
reassessed following supplementary Gl. In the absence of this information, it is
assumed that groundwater mounding may occur.

Filter drains at the northern extents of the Sutton Heath slip road have the
potential to discharge untreated road drainage into the Sutton Heath and Bog
SSSI with limited potential for natural attenuation within the unsaturated zone.

Due to the risks identified from infiltration through the base of filter drains, their
inclusion in the drainage design should be reviewed at detailed design stage
and, should no other solution be identified, the filter drains should be lined with
an impermeable barrier to ensure that they can provide primary treatment
without posing a risk of discharging untreated road drainage directly to
groundwater. Where filter drains are required for subsurface drainage, such as
Sacrewell Farm underbridge, road runoff should be isolated from the filter drains,
and conveyed to the drainage system via carrier drains.

Spillage assessment

Spillage containment is included in the drainage design, further details of which
are provided in the Volume 3, Appendix 13.2 Drainage Strategy
(TRO10039/APP/6.3). The risk to groundwater quality from spillage during
operation of the Proposed Scheme was assessed using the methodology
outlined in Appendix D of LA113.

Results from the spillage assessments completed for catchments discharging to
infiltration basins are presented in Annex E and show that the infiltration basins
passed the accidental spillage assessment with the results indicating that
drainage area would have <0.5% annual risk of pollution.

Spillage assessments for all other catchments where the final discharge point is
to a surface waterbody are presented in Volume 3, Appendix 13.3 (Water
quality). The outfall passed the accidental spillage assessment with the results
indicating that the drainage area would have <0.5% annual risk of pollution.
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441.

4.4.2.

GWDTE Assessment

Identified groundwater dependent terrestrial ecosystems (GWDTE) have been
assessed following the methodology set out in LA 113 to determine
hydrogeological links with the Proposed Scheme, the importance of each
GWDTE, the magnitude of any potential impact on the GWDTE and thereby the
overall significance of risk to the GWDTE.

Designated sites with a potential hydrogeological link to the study area have
been identified based on professional judgement. These are Sutton Meadows
North CWS directly south of the River Nene within the study area, the Sutton
Heath and Bog SSSI situated to the north side of the A47 adjacent to Sutton
Heath Road in the middle of the site and Wansford Pasture SSSI situated
approximately 0.5km to the south-west of the A1/ A47 junction.

Potential hydrogeological link between the Proposed Scheme and GWDTE
Sutton Meadows North CWS

4.43.

Sutton Meadows North CWS is underlain by superficial geology of alluvium and
river terrace deposits. Although the superficial deposits are underlain by Whitby
Mudstone Formation bedrock, there may be a hydraulic link with the Lincolnshire
Limestone and the Grantham Formation underlying the Proposed Scheme via
springs issuing from the base of the Lincolnshire Limestone Formation and
which feed into superficial deposits and ultimately the River Nene. Ordnance
survey mapping does not show any springs in the area immediately surrounding
the Sacrewell Farm underbridge (S05), and between this and the Sutton
Meadows North CWS. This should be confirmed by a water features survey,
however.

Wansford Pasture SSSI

4.4.4.

Groundwater flow in the study area is primarily towards the south, as shown in
the Geological Section in Figure 3. As noted in section 2.5.11 the citation for
Wansford Pasture SSSI states that springs exist at the junction of the
Lincolnshire Limestone and the underlying formations. Wansford Pasture SSSI
is approximately 950m to the east of Sacrewell Farm underbridge (S05) and
1800m to the east of the Wansford NMU underpass (S05). The calculated radius
of influence for the underpasses (see Section 3 and Annex F) are significantly
smaller and therefore the risk to this designated site from temporary dewatering
or permanent subsurface drainage is negligible.

Sutton Heath and Bog SSSI

445. Asdiscussed above in 2.5.10, the Sutton Heath and Bog SSSI is underlain by
the Lincolnshire Limestone Formation and is considered to be a groundwater
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4.4.6.

447.

dependent ecosystem that is primarily rainfall fed. Due to the highly permeable
nature of the Lincolnshire Limestone Formation, however, any road drainage
discharging to unlined drainage ditches is likely to infiltrate into the Lincolnshire
Limestone Formation and therefore has the potential to affect the water quality of
the springs and the Wittering Brook, to which the springs discharge. As such this
potential linkage must be considered in the impact assessment.

Sutton Heath and Bog SSSI is situated 800m to the west of the Sacrewell Farm
underbridge and is therefore outside of the potential zone of influence for
temporary dewatering and permanent road drainage for this structure (see
Annex F). The site is situated only 30m to the north of the Wansford NMU
underpass, however, and it is possible that temporary dewatering and
permanent road drainage could impact upon groundwater levels and flow and
groundwater quality at the site. In particular dewatering may reduce spring flow
and baseflow to Wittering Brook.

The zone of influence calculations are generally conservative and in addition are
based on worst case estimates of drawdown requirements and hydraulic
conductivity, however. It is likely that any impact will be limited to the very
southern extents of the designated site. Due to changes to road alignment in this
area, a supplementary ground investigation is required to confirm ground
conditions directly beneath the underpass structure. A water features survey will
also be required to confirm the locations of springs and seepages in the
southern area of the SSSI. Dewatering requirements, and their subsequent
potential impact will be reviewed when further site specific information is
available.

Assessment of GWDTE importance

4.4.8.

Table 11 presents the overall importance for the GWDTESs. This is taken as
highest of the ‘flora and fauna’ and ‘habitat’ receptors, based on SSSI citations
(Natural England, 1985, 1988, 1993) and UKTAG guidance for national
vegetation classification (UKTAG, 2009).
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Table 11 Summary of GWDTE classification and importance based on flora and fauna, and habitat receptors

Flora and fauna Flora and Habitat Habitat Overall
receptor fauna receptor importance  importance
importance
Sutton Not surveyed N/A Local Site — Moderate Moderate
Meadows North County
Cws Wildlife Site
Biodiversity
Action Plan
Priority
Habitat
Wansford M13 — Schoenus nigricans | High SN High High
Pasture SSSI — Juncus subnodulosus
mire
Sutton Heath M24 — Molinia caerulea — Medium SSSi High High
and Bog SSSI Cirsium dissectum fen
meadow

Assessment of potential impacts and establishment of risk to GWDTE

449  Based on identified hydrogeological impacts summarised in Tables 8 and 9, it is
possible that construction activities and operation of the Proposed Scheme could
result in a reduction in groundwater quantity and quality which may negatively
impact upon the GWDTE sites listed above. A summary of these activities,
resulting impacts and the overall risk to GWDTE sites is given below in Table 12.

Table 12 Summary of overall risk to GWDTE

Impact type Activity Description of potential Magnitude Overall
impact of impact risk to

on a GWDTE
GWDTE

Groundwater quantity | Excavations, | The distance between the Sutton Minor Moderate
including underpass S02 excavation and Meadows | adverse risk
underpass Sutton Heath and Bog SSSlis 30m. | North
construction | Other GWDTESs are outside of the CwWs
level worst case radius of influence from | gutton

e  Soil dewatering. Heath
saturation / Removal of groundwater from the and Bog
soil moisture aquifer has the potential to impact SSSi

on groundwater levels in the

immediate area surrounding

excavation, and also on
groundwater supply to down-
gradient receptors.

Any dewatering activities resulting in
abstractions of >50m? will be subject
to further impact assessments and
consultation with the EA.

Dewatering rates or alternative
groundwater control measures to be
confirmed following supplementary
ground investigation and an
abstraction licence will be applied

e  Groundwater
flow / flux
e  Groundwater
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Impact type

Activity

Description of potential
impact

Magnitude
of impact

ona
GWDTE

Overall
risk to
GWDTE

for following further hydrogeological
impact assessments.
Permanent The distance between the Sutton Minor Moderate
subsurface underpass S02 excavation and Meadows | adverse risk
drainage of | Sutton Heath and Bog SSSlis 30m. | North
cuttings / Other GWDTES are outside of the CWS
underpasses | worst case radius of influence from Sutton
permanent road drainage. Heath
Permanent drainage may resultina | and Bog
local reduction in groundwater levels | SSSI
around the structure and a potential
reduction in supply to Sutton
Meadows North CWS.
This will be reassessed upon
completion of further ground
investigation and finalisation of
drainage design, although likely to
be seasonal.
Groundwater quality Drainage Removal of topsoil during Sutton Minor / Moderate
as a result of from construction works and/or a Meadows | Moderate risk
construction activities | construction | reduction in the thickness of the North
e Nutrients areas unsaturated zone has the potential Cws
(Nitrate / including to increase the vulnerability of Sutton
Phosphate) site underlying aquifers. Accidental Heath
e Metalloid compounds, | spillages / leakage of construction and Bog
and organic excavations | materials in such areas may result sSS|
compounds and cuttings. | in contamination of groundwater
which in turn has the potential to
reduce groundwater quality supplied
to Sutton Meadows North CWS and
Sutton Heath and Bog SSSI.
Excavations, | Potential for contamination of Sutton Moderate Moderate
including groundwater through direct contact Meadows risk
underpass with contaminated construction North
construction | materials which has the potential to | CWS
migrate to Sutton Meadows North Sutton
CWS and Sutton Heath and Bog Heath
Sssl. and Bog
SSSi
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Impact type Activity Description of potential Magnitude Overall
impact of impact risk to

on a GWDTE
GWDTE

Discharge of | Road drainage generally discharges | Sutton Moderate Moderate

metalloid to Lincolnshire Limestone (Principal | Meadows risk

and organic | aquifer) and River Terrace Deposits | North

compounds | (Secondary A aquifer). Any pollution | CWS

to (including accidental spillages) in Sutton

groundwater | routine runoff may have the Heath

from potential to migrate to Sutton and Bog

proposed Meadows North CWS and Sutton sss|

road Heath and Bog SSSI.

drainage to

both surface

water and

groundwater

Assessment outcomes and actions

4.410. Prior to any mitigation the risk to GWDTE sites is moderate. A number of
activities that may have a moderate risk impact upon the identified GWDTEs are
based on worst case assumptions and are subject to further investigation during
the supplementary Gl, for example dewatering and permanent drainage risks at
both the Sacrewell Farm underbridge and the NMU underpass. Should
groundwater control be required for construction of the underpasses, isolation
techniques should be considered in preference to dewatering, to limit impacts to
the GWDTEs. In addition water features surveys should be undertaken to
confirm the presence of springs within the radius of influence of any dewatering
activities or permanent drainage, and groundwater level monitoring should be
undertaken before, during and after construction.

4.4 .11. The discharge of metalloid and organic compounds to groundwater from the
proposed road drainage will be mitigated through the use of impermeable liners
in filter drains.

4.4.12. Potential impacts upon the groundwater quality of the identified GWDTESs such
as discharges from construction areas or direct contact with contaminated
equipment in excavations is mitigated via best practise mitigation measures set
out in the Environment Management Plan. No further detailed assessment is
therefore required.
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5. Conclusions

5.1.1.  This section summarises the activities that may result in a potentially significant
impact, prior to mitigation, and are therefore taken forward for further
consideration in the assessment of significant effects in Chapter 13 of the ES
(Road Drainage and the Water Environment) (TR010039/APP/6.1):

e Construction activities:

o Drainage of construction areas including excavations, cuttings and site
compounds

o Excavations, including construction of underbridges and infiltration basins
o Dewatering activities associated with construction of underbridge
e Operation activities:
o Drainage to infiltration basins and filter drains discharging to ground
o Subsurface drainage for the underbridge and underpass structures

5.1.2.  The groundwater levels and flows assessment identified the following receptors
for consideration in the assessment of significant impacts:

e The main direct groundwater receptors within the study area are:

o Agquifer units of the Nene Mid Lower Jurassic Unit, the Welland Limestone
Unit A and the Northampton Sands groundwater bodies comprising:

* Lincolnshire Limestone
» Grantham Formation
= Rutland Formation
o Superficial aquifers comprising:
= Alluvium
= River Terrace Deposits
e The main indirect groundwater receptors within the study area are:

o Designated sites associated with groundwater dependent terrestrial
ecosystems (GWDTESs), including:

= Sutton Heath and Bog SSSI
= Sutton Meadows North CWS

o Surface water features supplied by groundwater:
= River Nene, Mill Stream and Wittering Brook

e The following features are not considered further, as they are not directly
down-gradient or within the radius of influence of any construction or
operation activities:

Planning Inspectorate Scheme Ref: TR010039 Page 42
Application Document Ref: TR010039/APP/6.1



A47 WANSFORD TO SUTTON DUALLING } highways

Appendix 13.4 Groundwater Assessment

england

5.1.4.

5.1.5.

o Two unlicensed groundwater abstractions believed to take from the Lower
Lincolnshire Limestone

o Wansford Pasture SSSI

As the Groundwater quality and runoff risk simple assessment (HEWRAT
groundwater assessment) identified that discharges to ground have an overall
risk rating of medium, a further detailed assessment was carried out. This was
based on consultation with the Environment Agency and focussed on infiltration
capacity. The detailed assessment confirmed an acceptable infiltration capacity
beneath infiltration basins. Due to the risks identified from filter drains, their
inclusion in the drainage design should be reviewed at detailed design stage
and, should no other solution be identified, the filter drains should be lined with
an impermeable barrier. Where filter drains are required for subsurface drainage,
such as Sacrewell Farm underbridge, road runoff should be isolated from the
filter drains, and conveyed to the drainage system via carrier drains.

For the infiltration basins, the maximum overall spillage risk score is <0.5%
indicating there is negligible spillage risk.

The GWDTE assessment considered potential hydraulic links between the
Proposed Scheme and designated sites within the radius of influence of
construction and operation activities. The assessment has concluded moderate
risk. It is anticipated that the supplementary Gl, water features surveys,
groundwater monitoring, road drainage mitigation and other best practice
mitigation included in the Environment Management Plan will confirm and/or
address risks to the GWDTEs however.
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Annex A. Location plan
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Annex B. 2020 GIR geological cross section
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Jacqueline Fookes Our ref: AN2018/M127282/02-L01
Mott Macdonald Your ref: EA/MWansford

East Wing

69-75 Thorpe Road Date: 05 June 2018

Morwich

NR1 1UA

Dear Jacqueline
Planning advice for Wansford Peterborough
Thank you for accepting our offer to provide advice on this development covering

= A review of the Environmental Impact Assessment Scoping Report with particular
emphasis on flood risk, drainage and water protection; and

« Attending a meeting with representatives from Highways England and Mott
MacDonald Sweco.

We are providing our planning advice under our agreement no. ENVPAC/1/LNA/QO004.
The review has taken 11 hours and an invoice for £1100 will be issued in July.

Following the meeting held at our offices on Thursday 24 May 2018 we provide the
following advice on the proposed development:

1.0 Flood Risk

1.1 Floodplain compensation

Paris of the site are adjacent to the River Nene and Wittering Brook designated "Main
Rivers’ and lie partly within a high risk flood zone (flood zone 3). It is important that
there is no loss of floodplain as a result of the proposals and the Flood Risk
Assessment (FRA) should provide further details on any raising or lowering of land
within the floodplain. Any loss of floodplain should be compensated for on a level for
level, volume for volume basis (i.e. re-grade the land at the same level as that taken up
by the development) therefore providing a direct replacement for the lost storage
volume.

The FRA will need to provide detailed information to demonstrate how this can be
achieved. The location of any compensation works must relate hydraulically and
hydrologically to the location of the site. The FRA must also confirm and provide
detailed information of any temporary floodplain compensation that may be required for
the works.

Further advice and guidance on the provision of floodplain compensation can be found
in the Section A3.3.10 Compensatory Flood Storage of CIRIA Guide C624:

Development and Flood Risk, guidance for the construction industry. We stipulate that
excavation of the compensation is complete before infilling commences to ensure that

Environment Agency

Mene House Pytchley Lodge Road, Kettering, Morthamptonshire, NN15 6JQ.
Customer services line: 03708 506 506

www gov. uk/environment-agency
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flood plain capacity is maintained during construction of the development.

Compensation schemes must conserve and where possible enhance the biodiversity
value of a site. Where developers are providing compensatory storage close to normal
river levels, we would encourage the creation or restoration of wetlands and any
opportunities to improve the river corridor and add value to the landscapes character.

We do not hold flood level data from the model for the Wittering Brook or the Mill
Stream. The flood zones for this area have been produced based on national scale
generalised modelling and not from local scale detailed modelling. We are therefore
unable to provide detailed information such as flood levels. The national scale
generalised modelling covers all watercourses with a catchment greater than 3km?Z.

1.2 Surface Water drainage

The Lead Local Authority (LLFA) (in this case Peterborough City Council) is responsible
for commenting on all surface water drainage schemes. We therefore recommend that
you contact the LLFA at your earliest convenience to discuss the surface water
management scheme for this development.

For discharge into the River Mene (Main River), the discharge rate will be based on the
calculated pre-development (Greenfield) runoff rate for the site. For a simple control
structure this will be based on the QBAR rate. Complex discharge controls should
reflect the original discharge or run-off rates from the site across the range of storm
events. E.g. QBAR, 3.3% (1in30), 1% (1in100), 1% (1in100} plus climate change; OR
they should only limit discharge for all events to the flow predicted by the QBAR event.
Ultimately, there should be no increase in run off as a result of the development up to
and including the 1% (1 in 100) event with an allowance for climate change.

1.3 Climate change

The FRA will need to take into account the effects of climate change on the
development. Information relating to our new climate change guidance is available at
https //www.gov.uk/guidancefMood-risk-assessments-climate-change-allowances.

1.4 Floodline Warnings Direct

During the meeting we discussed the possibility of you signing on to the Environment
Agency's Floodline Warnings Direct Service for the construction phases of the works to
ensure you have advanced warning of high flows within the River Nene. This would be
by way of an Emergency Contacts Arrangement form. We are happy to provide you with
this document nearer the time.

1.5 Environmental Permitting

Under the terms of the Environmental Permitting Regulations 2016, a permit or
exemption may be required for any proposed works or structures, in, under, over or
within 8m of the River Mene designated a ‘main river'. For more information please visit
hitps:/iwww_gov.uk/guidancefflood-risk-activities-environmental-permits

During the meeting we discussed our intention to incorporate the permit requirements
into the future Development Consent Order.

2.0 Drainage
All of the advice provided in the following section is derived from modelled data and not
empirical observations, so caution should be used.

2.1 Groundwater interactions with Mill Stream and Wittering Brook

Cont/d.. 2

Planning Inspectorate Scheme Ref: TR010039 Page 50
Application Document Ref: TR010039/APP/6.1



A47 WANSFORD TO SUTTON DUALLING } h|g|h“éays
Appendix 13.4 Groundwater Assessment englan

We have a groundwater model which gives expected indicative interactions between
groundwater and surface water, under different scenarios (wet, average and dry
recharge conditions).

The model indicates the following:
Dry periods of rainfall:
s Stream flow in Mill Stream is around 0.5-5 MI/d, with a very small baseflow
contribution from groundwater of around <0.1 Mi/d.
« Stream flow in Wittering Brook is higher, =5 Ml/d, but again the baseflow
contribution is very small, <0.1 Ml/d.

Average periods of rainfall:
+« Stream flow in Mill Stream is around 5-50 MI/d, with a small baseflow
contribution from groundwater of around <0.5 MI/d.
« Stream flow in Wittering Brook is higher, =50 MI/d, but again the baseflow
contribution is small, <0.5 Ml/d.

Wet periods of rainfall:
= Stream flow in Mill Stream is around =50 Mi/d, with a more baseflow
contribution from groundwater, up to 1 Mi/d.
« Stream flow in Wittering Brook is also =50 Ml/d, but again the baseflow
contribution is small, <0.5 Ml/d.

There doesn't seem to be any condition where we would expect the watercourses to
loose water to ground. Vertical flow volumes under all recharge scenarios supports this
data, showing a small amount of upward leakage from both the superficial deposits
(where present) and also from the bedrock into the superficial deposits along the
watercourse routes. The model confirms that groundwater level should be close to the
ground level, as expected and stated in the Environmental Impact Assessment Scoping
Report.

2.2 Hydrogeological requirements of Sutton Heath Bog

The Bog appears to sit directly on Lincolnshire Limestone outcrop, with no drift deposits.
The limestone outcrop gives way to the underlying Grantham Formation and Whitby
Mudstone to the western boundary of the Bog. Our groundwater model doesn’t give any
indication of vertical leakage from the Limestone to the bog, but stream leakage
indicates that the direction of water flow is likely to be downward, i.e. infiltrating into the
Limestone. Under wet conditions, up to 1 MI/d may infiltrate into the limestone in the
area of the Bog. The infiltration volumes become negligible in dry scenarios, because
they are entirely dependent on effective rainfall (i.e. the rainfall which infiltrates, so total
rainfall minus evapotranspiration and other losses such as runoff). Limestone is quite
permeable so is likely to allow rapid infiltration.

The Bog sites on sloping ground, with several springs emerging within it from the base
of the limestone outcrop where it meets the less permeable Grantham

Formation/W hitby Mudstone. This is further evidence of the higher permeability of the
limestone — rainfall appears to infiltrate at higher elevations to the east and emerge
again downslope within the bog, heading westwards. These springs or seepages, which
feed into Wittering Brook, are likely to be important features within the Bog.

There are three groundwater monitoring points within Sutton Heath Bog. It is our
understanding that you already hold this data. This data will help in interpreting
groundwater/surface water interactions. We are unable to provide a definitive response
on the hydrogeological reguirements of the Bog, but would surmise that it appears to be

Cont/d.. 3
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entirely rainfall-dependent. Rainfall will rapidly infiltrate and re-emerge downslope with
little residence time.

2.3 HAWRAT Assessment (Q95 flow)

Natural Q95 flow data for the area is contained in the CAMS Ledger and is as follows:
e Wansford at grid ref 508124, 299560 — 111.5MI/d (Natural flow)
e Orton Lock at grid ref 516603, 297215 — 120.6 MI/d (Natural flow)

Unfortunately we don't have Q95 values for the Mill Stream or Wittering Brook.

There is some information on the National River Flow Archive that may be useful
http://nrfa.ceh.ac uk/data/station/info/32020.

2.4 Gauging station

To ensure that the development does not impact on the existing gauging station
measurements, we advise that an unaltered channel is protected all the way up to the
A1 road bridge (approximately 450 meters upstream of the gauge).

Please note, this response is based on the information you have made available at this
time. It is based on current national planning policy, associated legislation and
environmental data/information.

3.0 Water Framework Directive

The effects of the proposed development on Water Framework Directive (WFD) water
bodies will need to be considered. In particular, the impacts on the River Nene and
Wittering Brook. The development must not result in a deterioration of a water body or
failure to meet WFD objectives.

We have some reservations that road drainage from the existing carriageway is not to
be upgraded during the development and that surface water will enter the River Nene
without passing through interceptors. Justification will need to be provided as to why this
is not considered a pollution risk.

Investigation into improving fish, eel and otter passage through the existing A47 culvert
should also be carried out. This work would ties into the improved culvert design that is
to be installed under the new carriageway.

We are investigating potential WFD related mitigation and environmental enhancement

opportunities within the area and will provide this to you when we have more
information.

Should you require any additional information, or wish to discuss these matters further,
please do not hesitate to contact me on the number below.

Yours faithfully

Jennifer Moffatt
Sustainable Places Planning Adviser

Direct dial
Direct e-mail environment-agency.gov.uk

End 4
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Annex D. LA 113 Groundwater quality and runoff
assessment results
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Annex E. LA 113 Spillage assessment results
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Annex F Radius of Influence (Sichardt)
assessment

6.1.1.  The empirical Sichardt formula presented in both CIRIA (2016) and EA (2007) is
a very commonly used method for estimating the radius of influence (Ro) under
steady state conditions and assuming radial flow:

e Ro=C (Ho-hw) VK
o where:

= Ho = water level above the base of the aquifer prior to dewatering (i.e.
at Ro)

= hw = water level at the equivalent radius (re) of the excavation (i.e. the
water level required to dewater the excavation)

= Therefore Ho — hw = target drawdown
= K = hydraulic conductivity of the aquifer
= C =an empirical calibration factor.

6.1.2. Table 13 details the parameters used and the result for radius of influence for
the Sacrewell Farm underbridge (S05) and Wansford NMU underpass (S02).

Table 13 Radius of influence formula parameters

Structure  Minimum Borehole Maximum Ho — hw K (m/s) Ro(m)
Design recorded (m)
Level groundwater
(maOD) level
(mAOD)
Sacrewell 19.5 BH16 21.26 2000 1.8 5.8x104 86.70
Farm
underbridge
(S05)
Wansford 11 BH31 11.09 2000" 1 5.8x104 72.25
NMU (groundwater
underpass strike)
(S02)

*higher C calibration factor selected as a worst case for linear excavations
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