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1.
1.1

1.1.1

1.1.2

1.1.3

1.1.4

1.1.5

Introduction

Scheme description

The A63, Castle Street, Hull is located to the south of Hull city centre. The current
road is a dual carriageway that provides a vital route link between the M62
motorway, the Humber Bridge and A15 to the west of the city, and the Port of
Humber to the east of the city. The route is reputed to be one of the busiest
sections of road within East Yorkshire, where the current daily traffic flow along
Castle Street is in excess of 54,000 annual average daily traffic (AADT). The route
currently experiences congestion, particularly around the Mytongate Junction, due
to the traffic signals and high proportion of heavy goods vehicles.

Highways England is proposing to relieve congestion and provide better access to
the Port of Hull by improving the A63 Castle Street between the St James Street/
Porter Street junctions and the Market Place/Queen Street junctions (the
Scheme).

The preferred option comprises a grade separated junction with the alignment of
the A63 lowered approximately 7m below ground level (bgl). To provide the grade
separated geometry in the congested urban environment of Hull, an embedded
retaining wall solution is proposed. A cast in-situ concrete slab is to be constructed
at the maximum excavation depth, acting as the permanent prop and providing the
foundation to the new carriageway. Tension piles are required beneath the slab to
counteract the uplift pressures induced by the shallow groundwater conditions
across the Scheme. In addition to the grade separated junction, a number of other
structures are to be constructed as part of the Scheme, including the Mytongate
Bridge, two footbridges, an offline pumping station, and an additional retaining wall
between between the Mytongate Junction westbound diverge sliproad and the
grounds of the Holiday Inn. The proposed works are described in more detail in
Section 4.

A plan of the proposed Scheme, including the A63 proposed realignment is
presented in Volume 2, Figure 2.3 Scheme site boundary, and the locations of site
compounds are shown in Volume 2, Figure 2.12 Construction site compound
locations.

Figure 11.4.1 shows an indicative section along the main line of the grade
separated junction (referred to in this report as the underpass). The chainages
included in this figure are referenced throughout this report.
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Figure 11.4.1: Indicative underpass long section
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1.2

1.2.1

1.2.2

1.2.3

Background to groundwater investigation

Groundwater levels in the centre of Hull are sub-artesian in both the superficial
deposits and underlying chalk aquifers. These, coupled with difficult ground
conditions, have contributed to the failure of two major construction schemes in
the area in recent years, as described below. Both scheme failures highlight the
need for a comprehensive ground and groundwater investigation due to the
geological and hydrogeological complexity of the area, as well as the need for
careful design.

Kingston upon Hull wastewater tunnel collapse (Yorkshire Water
humbercare sewerage tunnel)

In 1999, this large-diameter sewerage tunnel was around 80% complete when a
collapse occurred 200m behind the tunnel boring machine (TBM)'. The area
where the collapse occurred is located approximately 50 to 100m south of the
eastern end of the proposed A63 Castle Street Improvement Scheme. As such,
the ground conditions that are thought to have contributed to the collapse of the
tunnel are likely to be similar to those present beneath the Scheme.

Following the collapse, a supplementary ground investigation was undertaken,
which concluded that the collapse was primarily caused by ground conditions and
water pressures as summarised below:

e The collapse occurred in an area where the tunnel horizon was entirely
within alluvium. In other locations the tunnel horizon had been within glacial
deposits. This variation was thought to be due to encountering the former
channel of the River Hull.

e The collapse was the result of a leak that occurred in the area where an
access shaft joined the tunnel. The leak was thought have resulted from
movement between the access shaft and tunnel liner, possibly triggered by
stress release in peat/compressible strata present in the area of the
connection.

e The leak continued and worsened due to high water pressures in an
underlying layer of laminated clay containing a layer of single sized sand
particles. Under pressure, water, sand and clay flowed into the tunnel and it
was calculated that approximately 2000m? of material had entered the
tunnel, resulting in significant localised surface settlement.

1.2.4 Torecover the TBM and complete the tunnel, a ground freezing technique was

deployed, using liquid nitrogen as this was considered the safest and most reliable

" Grose, W. J. and Benton, L. (2005) Hull wastewater flow transfer tunnel: tunnel collapse and causation investigation. Geotechnical
Engineering. Issue 158. Paper 13799. October 2005.
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1.2.5

1.2.6

1.2.7

1.2.8

1.2.9

1.3

1.3.1

method. Rapid freezing resulted in a high integrity frozen structure and did not
alter the salinity of the surrounding groundwater. Conventional groundwater
control and excavation was discounted due to the instability of the alluvial material,
the likelihood of causing extreme settlement at surface and the high groundwater
pressures encountered?.

Ennerdale link road, River Hull — flooded cofferdam

This scheme involved the attempted construction of an 81m long cut and cover
tunnel through the bed of the River Hull. The works were part of a 2.5km dual
carriageway designed to relieve congestion in eastern Hull and provide direct
access to Hull's docks.

Ground conditions from the initial investigations identified alluvium over Boulder
Clay (glacial till) over the Chalk. Groundwater was present within the alluvium and
confined within the Chalk aquifer. The cofferdam was constructed primarily using
sheet piles driven into the Boulder Clay to cut off the groundwater within the
alluvium. The Boulder Clay was a minimum of 4m thick and confined the Chalk
aquifer so preventing groundwater ingress into the base of the excavation.

Whilst initial dewatering operations were underway, a 2m diameter sink hole
opened up in the river bed close to the northwest corner of the cofferdam and
another within the cofferdam itself. The cofferdam excavation filled with water
overnight. After an extensive investigation, the cofferdam’s exposed faces were jet
grouted whilst a permanent solution was found. The tunnel was eventually
abandoned and a lift bridge was constructed at an abortive cost of £10 million.

It was eventually understood that the Boulder Clay was thinner than expected and
may have contained perched water lenses. It was thought that water flooding the
cofferdam originated from the river and most likely entered through declutched
sheet piles. Piping of the sands within the alluvium possibly created a pathway
from the river bed into the cofferdam.

Discussions with the dewatering contractor (WJ Groundwater) indicated that
dewatering of the Chalk aquifer was required to lower the groundwater head so as
to minimise the risk of upwards leakage through Boulder Clay and the potential
risk of ground heave. The Environment Agency required the abstracted water to
be reinjected into the Chalk so as to minimise the potential for seawater intrusion.

Consultation

Our approach to this groundwater assessment was discussed and agreed in
principle with the Environment Agency in 2014. A full summary of consultation
undertaken is provided in the Environmental Statement.

2 Brown, D. A. (2004) Hull wastewater flow transfer tunnel: recovery of tunnel collapse by ground freezing. Geotechnical Engineering,
Volume 157, Issue 2, April 2004.

Page 10



Collaborative Delivery Framework } hlghways

A63 Castle Street Improvements, Hull

england

Environmental Statement — Volume 3, Appendix 11.4

1.3.2

1.4

1.4.1

1.4.2

1.4.3

1.5

1.5.1

Consultation with stakeholders such as British Waterways Marinas Ltd, the Marine
Management Organisation, landowners and local residents was held throughout
the planning and implementation of the chalk pumping test. This is detailed in the
Pumping Test Report (Appendix 11.5).

Scope of this report
This report has the following aims:

e to develop a baseline hydrogeological conceptual model of the A63 Castle
Street based on the findings of previous studies and the 2013 and 2015/16
ground investigations (Gl), testing and subsequent monitoring;

e to outline the potential risks from groundwater during the construction and
operation of the new road, to inform the detailed design; and

e to assess the potential impacts of key structures associated with the
construction and operation of the Scheme on groundwater receptors.

This Appendix Report informs Chapter 11 Road Drainage and the water
environment of the Environmental Statement, where a full groundwater impact
assessment based on DMRB guidance is provided.

This Appendix Report is supported by the following key supplementary reports
(also provided as in Volume 3 as appendices to the Environmental Statement),
which are cross-referenced in the text where relevant:

e Appendix 11.5 Pumping test report - 1168-10-223-RE-002-PD13
e Appendix 11.6 Groundwater modelling report - 1168-10-223-RE-003-PD14

e Appendix 11.7 Groundwater modelling update — HE514508-MMSJV-EWE-
S0-RP-LE-000006°

Report layout

This report is presented in the following structure: -
e Section 1 — Introduction
e Section 2 — Baseline Conditions

e Section 3 — Groundwater Receptors

3 MMG JV (2014) A63 Castle Street Improvements, Hull - Pumping Test Report 1168-10-223-RE-002-PD1

4 JBA (2014) A63 Castle Street, Hull: Groundwater Modelling Report 1168-10-223-RE-003-PD1 for Mott MacDonald Grontmij Joint
Venture (MMG JV)

5 Mott MacDonald Sweco JV (2018) A63 Castle Street Improvements, Hull - Environmental Statement - Groundwater Modelling Update
HE514508-MMSJV-EWE-SO-RP-LE-000006
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e Section 4 — Proposed Works
e Section 5 — Potential Impacts on Groundwater Receptors

e Section 6 — Conclusions
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2.
2.1

2.1.1

21.2

213

Baseline conditions

Methodology for the determination of baseline conditions
Overview

Prior to commencement of the Scheme, there had been few hydrogeological
investigations covering the centre of Hull and groundwater conditions were not
particularly well understood. In view of the potentially critical risks from
groundwater to the construction and operational Phases of the Scheme, a detailed
investigation was considered necessary to gain a clearer understanding of the
baseline groundwater regime.

This groundwater assessment is based on the findings of a desk study, ground
investigations and monitoring undertaken between 2013 and 2017, and a
numerical groundwater model developed for the Scheme. The study area is shown
in Figure 11.4.2. This encompasses the Scheme Site Boundary and a 4km buffer
around it, extended to include source protection zones for Hull area sources (as
discussed further in Section 2.5).

The Scheme encompasses a 1.6km section of the A63 between Ropery Street
(NGR TA 0868 2806) and High Street (TA 1013 2845), between Hull City Centre
and the docks area, plus a number of site compounds and materials storage
areas. The centreline of the proposed A63 carriageway deviates from the existing
centreline of the A63 by up to 20m and encroaches into Trinity Burial Ground land.
The Scheme also extends southwards towards the Humber Estuary where a rising
main is to be installed between the Mytongate Junction pumping station and the
Humber Estuary. Table 11.4.1 summarises key elements of the Scheme that have
been considered in this investigation. These key areas are also shown in Figure
11.4.2 for reference.
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Figure 11.4.2: The study area
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Table 11.4.1: Summary of key elements of the Scheme

‘ Area reference NGR Description Additional comments
1 | AB3/ Construction TA087281 Linear route of A63 realignment, Proposed realignment
Footprint - running approximately east — diverts from current route
TA101285 | west. Mytongate Junction located | by up to 20m to the south
roughly in the centre along the at Mytongate Junction,
route at TA093284. and into the Trinity Burial
Ground land
2 | Underpass drainage | TA093284 | Linear route running from
rising main - Mytongate Junction south along
TA098280 | Commercial Road and east along
Wellington Street Island Wharf
before discharging into the
Humber Estuary.
3 | Trinity Burial Ground | TA094283 Historic burial ground. Part of the burial ground

is to be excavated and
human remains exhumed
as part of ground works.
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Area reference

Description

Additional comments

down compound

A63, approximately 365m to the
southwest of the Scheme.

Yorkshire Water TA094283 | Yorkshire water’s proposed sewer | Other diversion route
sewer diversion diversion runs between the Trinity | options are being
route® Burial Ground and the Holiday Inn | considered.
4 | Land southeast of TA093283 | Pumping station to be constructed | Remaining land to be
Mytongate Junction within grassed area adjacent to used as site compound
the burial ground. for the Trinity Burial
Ground works
5 | Arco Site TA090281 Site compound to the south of the | Preferred option (option
A63, approximately 200m to the a) for main compound,
west of Mytongate Junction. including bentonite, jet
grouting and concrete
batching plants, materials
treatment and storage
6 | Staples Site TA093285 | Site compound to the northeast of | Alternative option (option
the Mytongate Junction b) for main compound,
including bentonite, jet
grouting and concrete
batching plants, materials
treatment and storage
7 | Livingstone Road TA035256 | Site compound to the south of the | Materials Compound
A63, and adjacent to Fleet Drain
and the Humber Estuary
(approximately 6.4km to west of
Mytongate Junction).
8 | Myton Centre TA090282 Buildings to be demolished and Site may be used car
the site restored as public open parking during
space. construction phase
9 | Wellington Street TA095280 | Site compound to the south of Main site offices,
Island Wharf Mytongate Junction, and adjacent | accommodation.
to Albert Dock entrance and the
Humber Estuary.
10 | A63 eastbound TA062266 | A63 layby eastbound to the north | Used for recovery
recovery base of St Andrews Quay, vehicles during
approximately 3.1km west of the construction
Scheme.
11 | A63 westbound TA105287 | A63 bus layby west of Roger Used for recovery
recovery base Millard Way Roundabout, vehicles during
approximately 400m east of the construction
Scheme.
12 | Neptune Street set TA086276 | Site compound to the south of the | Princes Quay Bridge

compound, recovery
vehicle drop-off and TM
during the improvements

Desk study

2.1.4 The desk study assessment of baseline groundwater conditions included a review
of the following information and reports:

6 Sewer diversion routes not shown on Figure 11.4.2. See Options Assessment Report for the Yorkshire Water Sewer Diversion at

Mytongate Junction (Arup, 2018; HE514508-ARP-HDG-SO_JN_HI-RP-CD-00503) for further details.
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Table 11.4.2: Summary of desk study information

Source Source detail Information available / Study conclusions
Acer & AEG Acer (1995)7 Ground Ground conditions at the site and limited information
Investigation Report for | on aquifer properties, groundwater levels and
the A63 Castle Street, groundwater quality. Groundwater monitoring was
describing the findings restricted to some short periods of daily water level
of the ground readings in 16 monitoring boreholes between
investigation undertaken | February and May 1994, three rounds of water level
by Allied Engineering & | measurements in 1995 and one day of hourly
Geotechnics (AEG)2 in monitoring in four boreholes to assess tidal impacts.
1994
Arup Ground Investigation This report presents the findings of further ground
Report for A63 Castle investigation works carried out in 2015 and 2016. It
Street Improvement includes details of geotechnical features and relevant
(2016)° data, and confirms or amplifies the issues identified in
the Pell Frischmann PSSR and subsequent
investigations . This report includes a geotechnical
evaluation of the information, stating the assumptions
made in the interpretation of the data.
This report aims to identify the geotechnical risks to
the Scheme. This report has been written considering
the design elements, geometry and construction
techniques proposed for the Scheme as outlined in
the Arup/Balfour Beatty value engineering design.
Arup Approval in Principle These reports provide details of the ‘approval in
(AIP)'° reports for the principle’ value engineering design for the underpass,
underpass, pumping the pumping station, the Holiday Inn retaining wall and
station!, Holiday Inn Porter Street Bridge.
retaining wall'? and
Porter Street Bridge
(2016)
Arup Geotechnical Design This report identifies geotechnical design parameters,
Report (2016)3 makes design recommendations and identifies risks to
the Scheme. Separate appendix reports available for
the Porter Street pedestrian, cycle and disabled user
bridge, Holiday Inn retaining wall, pumping station,
underpass and Mytongate Bridge.
Arup Options Assessment This report presents a number of options for Yorkshire
Report for the Yorkshire | Water sewer diversion routes. The diversion is
Water Sewer Diversion required as the existing sewers pass below the area
at Mytongate Junction where the Mytongate grade separated junction is to
(2018)™ be constructed.

7 Acer (1995) A63 Trunk Road Improvements, Castle Street, Hull — Geotechnical Interpretative Report on Ground Investigation

8 Allied Exploration & Geotechnics Ltd. (AEG) (1994) A63 Trunk Road Improvement, Castle Street Hull — Ground Investigation

% Arup (2016) Ground Investigation Report, A63 Castle Street Improvements, Version P01

© Arup (2016) AB3 Castle Street, Underpass — Approval in Principle, Issue 2

" Arup (2016) A63 Castle Street, Mytongate Pumping Station — Approval in Principle, Issue 2

2 Arup (2016) AG3 Castle Street, Holiday Inn Retaining Wall — Approval in Principle, Issue 2

3 Arup (2016) Geotechnical Design Report, A63 Castle Street Improvements, Version P01

4 Arup (2018) A63 Castle Street Improvement — Options Assessment Report for the Yorkshire Water Sewer Diversion at Mytongate
Junction. HE514508-ARP-HDG-SO_JN_HI-RP-CD-00503. P03
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Source detail

Information available / Study conclusions

Source

Holderness Area (Burke
et al., 2010)"7
Lithoframe-50 ESRI
data for the area around
the A63 in Hull (BGS,
2013)18

British 1:50,000 geological map | Geological information, including approximate extents
Geological - Sheet 80 - Kingston of granular alluvium. Limited hydrogeological
Survey (BGS) | upon Hull (1983)'5. information including water strikes from historical well
Existing borehole records.
records1é LithoFrame viewer software tool allows viewing and
LithoFrame viewer v2.0 | duerying of complex 3D geological models
constructed by BGS, including the Holderness model
(see below)
British A 3D geological model 3D geological model of the superficial deposits
Geological of the superficial lithology across Hull and Holderness using 1398 BGS
Survey (BGS) | deposits of the borehole records and 74 cross-sections to create an

“egg crate” model, from which gridded surfaces were
generated for 28 made ground and superficial
deposits layers.

Gridded data derived from the geological model

Environment

Hull and East Riding

Baseline information regarding the abstraction

Agency

Environment in Focus
(2011)20

Agency Abstraction Licensing licensing strategy for surface water and groundwater
Strategy (CAMS) bodies in the Hull area, including the East Yorkshire
(2013)1° Chalk.

Environment The Humber Baseline information including groundwater

designations, regional influences and environmental
considerations.

Environment
Agency

What'’s in your backyard
interactive maps?"

Nitrate vulnerable zones (NVZ), groundwater source
protection zones (SPZ), groundwater vulnerability,
aquifer designations, and Water Framework Directive
(WFD) River Basin Management Plans (RBMP)?2
water bodies, and their current and predicted status,
objectives and pressures.

'S British Geological Survey (BGS) (1983) Sheet 80 Kingston upon Hull, 1:50,000 scale, Drift Edition

'8 hitp://mapapps2.bgs.ac.uk/geoindex/home.html Accessed 31 January 2017

7 Burke, H. F., Morgan, D. J., Kessler, H. and Cooper, A. H. (2010) A 3D geological model of the superficial deposits of the Holderness
area. British Geological Survey commissioned report No. CR/09/132. Available online at
http://nora.nerc.ac.uk/id/eprint/16850/1/CR09132N.pdf

'8 British Geological Survey (BGS) (2013). Lithoframe-50 ESRI data for the area around the A63 in Hull

% Environment Agency (2013) Hull and East Riding Abstraction Licensing Strategy. Reference LIT 7867. Available online at
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/305452/lit_7867_a7b9fe.pdf

20 Environment Agency (2011) The Humber Environment in Focus 2011. Available online at
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/297466/gene0611btzc-e-e.pdf

2! http://www.environment-agency.gov.uk/homeandleisure/37793.aspx Accessed 3 May 2017

2 Environment Agency (2009) River Basin Management Plan: Humber River Basin District. Available online at
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/297488/gene0910bsqr-e-e.pdf
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Source Source detail Information available / Study conclusions
Environment Information request Licensed abstraction information within the study
Agency (February 2017) areafor the Scheme.

Associated borehole records, and pumping test details
including water quality.

ESG Factual Report on Balfour Beatty and Ove Arup commissioned further
Ground Investigations Gls, covering the areas within the Scheme Site
for A63 Castle Street Boundary, the Trinity Burial Ground?* and the Princes
(2016)%8 Quay pedestrian, cycle and disabled user bridge?s.

The Factual reports include borehole logs and
groundwater level measurements, as well as other
geotechnical and geoenvironmental field and
laboratory test results.

ESI East Yorkshire Chalk Baseline information regarding the Chalk aquifer
Aquifer: Conceptual including geology, recharge and regional groundwater
Model Report (ESI, flow.
2010)%8

ESI East Yorkshire Chalk Conceptual model refinement includes inclusion of
Model: Model Update additional data in the Hull area to improve

and Refinement (2015)2” | understanding of hydraulic relationships between
Chalk, superficial deposits and the Humber Estuary.

Gale and The Chalk Aquifer of Detailed baseline information regarding the Chalk
Rutter Yorkshire. BGS Aquifer.

Research Report
RR/06/04 (2010)28

Geotechnics Ground Investigation for | MMG JV commissioned a comprehensive ground
A63 Castle Street investigation (Gl) of the Scheme footprint. The Gl
(2013)2° report summarised local ground conditions and

included data collected as part of the Gl, including
borehole logs, groundwater level dip data, aquifer
properties derived from falling head and packer tests,
and water quality data.

B ESG (2016) A63 Garrison Road, Castle Street Improvement, Hull, Factual Report on Ground Investigation. Report No A5066-15A.
For Balfour Beatty Limited and Ove Arup & Partners

24 ESG (2016) Trinity Burial Ground, A63 Castle Street Improvement, Hull, Factual Report on Ground Investigation. Report No A5049-
15. For Balfour Beatty Limited and Ove Arup & Partners

% ESG (2016) Princess Quay Footbridge, A63 Castle Street Improvement, Hull, Factual Report on Ground Investigation. Report No
A5066-15. For Balfour Beatty Limited and Ove Arup & Partners

% ES| (2010) East Yorkshire Chalk Aquifer: Conceptual Model. Prepared for the Environment Agency. Ref: 602711R1D1

27 ESI (2015) East Yorkshire Chalk Aquifer Investigation: Model Update and Recalibration. Prepared for the Environment Agency. Ref:
62986 R2, June 2015

% Gale, I. N. and Rutter, H. K. (2006) The Chalk Aquifer of Yorkshire. British Geological Survey. Research Report RR/06/04
2 Geotechnics Ltd. (2013) Ground Investigation at A63 Castle Street Improvements. For MottMacDonald Grontmij Joint Venture (JV).
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Source Source detail Information available / Study conclusions
Highways Design Manual for Relevant groundwater legislation and impact
Agency?30 Roads and Bridges assessment methodology.

(DMRB) Volume 11
Environmental

Assessment (2009)31

Hull City Information request Unlicensed abstractions within of the study areafor the

Council (February 2017) Scheme.

Landmark Envirocheck report Environmental data e.g. designated sites, abstraction

Information (2013)32 locations.

Group

Services

MMG JV 33 Environmental Report setting out the proposed scope of work and
Statement Scoping methods to be applied in carrying out the Stage 3 EIA
Report (2013)34 for the Preferred Option, and the proposed structure

of the ES.

The Drainage and Water Environment chapter
summarised baseline conditions and the potential
effects of construction and operation of the highway
on the quality of surface water and groundwater, on
water resources and on flood risk, based on the work
carried out to date.

Groundwater risks highlighted in this report included:

e The potential for groundwater movement
through cohesive superficial deposits
classified as unproductive.

e Evidence from other major below-ground
construction projects in the area suggests that
more permeable horizons within the
superficial deposits associated with granular
deposits and the differential groundwater
heads between these can result in
groundwater leakage and potential ground
failure due to running sand under some
conditions.

e The more permeable horizons within the
superficial deposits, particularly within the
shallow, alluvial deposits may also act as
pathways for the lateral migration of near-
surface groundwater or estuarine waters

e High groundwater levels and potential
upwards leakage from the underlying chalk
are likely to require managing within

30 From April 2015 Highways Agency was rebranded Highways England

3! The Highways Agency, Scottish Government, Welsh Assembly Government Llywodraeth Cynulliad Cymru and The Department for
Regional Development Northern Ireland (2009) Design Manual for Roads and Bridges. Available online at
http://www.standardsforhighways.co.uk/ha/standards/dmrb/vol11/section1.htm

32 Landmark Information Group Services (2013) Report Ref. 43865337-1, Envirocheck Report on Castle Street, Hull
33 From April 2016 Grontmij was rebranded Sweco and MMG JV became MMS JV (Mott Macdonald Sweco Joint Venture)
3 MMG JV (2013) A63 Castle Street Improvements, Hull — Environmental Statement Scoping Report - 1168-10-221-RE-001-PD1
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Source Source detail Information available / Study conclusions

excavations during construction through
dewatering. Due consideration of potential
groundwater contaminants which that may be
present as a result of land contamination will
be required and shall be assessed as part of
the planned intrusive investigations and
follow-up monitoring.

Both the construction and operation phases have the
potential to impact on local groundwater levels outside
the Scheme Site Boundary.

The report indicated that the following would be
carried out to inform the ES:

e A detailed groundwater assessment, taking
into account the findings of previous
investigations as well as the 2013 site
investigation. The assessment would take
into account WFD requirements.

¢ Development of a numerical groundwater
model to both inform the design and to assess
the impact on groundwater receptors up- and
down-gradient of the Scheme, as well as the
impact of mitigation measures.

o Assessment of groundwater quality and
potential impacts during construction and
operation.

It was not anticipated that pumped groundwater will
be discharged to soakaway during either the
construction or operation phases and therefore
assessments relating to these would not be

undertaken.
Pell Preliminary Sources The PSSR provided information on five options for the
Frischmann Study Report (PSSR) improvement of the A63 Castle Street, Hull. The
(2004)35 PSSR details (but is not limited to) topography and

site history (historical mapping review), geology,
mineral extraction, aerial photography, ground
conditions, contaminated land, seismicity,
hydrogeology, hydrology, flooding land use and
archaeology. Details of the programme of statutory
consultations that were undertaken are also

presented.
Pell Environmental Stage 2 Environmental Assessment of two preferred
Frischmann Assessment Report options for improvement of the A63 Castle Street,
(EAR) (Options including identification and assessment of adverse
Selection Stage) and/or beneficial impacts, proposals to mitigate
(2010)38 adverse impacts and consideration of opportunities for

environmental enhancement.
The preferred options comprised:

% Pell Freshman (2004) A63 Castle Street Improvements, Hull, Project Support Framework — Preliminary Sources Study Report, Report
Reference W11189/VAA/02 Revision 1.

3 Pell Frischmann (2010) A63 Castle Street Improvement Hull - Environmental Assessment Report (Options Selection Stage), Report
Reference W11189/T13/02 Final Rev 2
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Source

Information available / Study conclusions

e AB3 in cutting at Mytongate Junction (the

“Underground Option”)

¢ A63 on flyover at Mytongate Junction (the
“Overground Option”)

The EAR assigned a qualitative ranking to each
preferred option. Both options were ranked equal in
terms of an overall water environment impact of
“neutral”.

The EAR noted that preliminary design work had
shown that secant pile walls extending into the glacial
till would be needed to support the Underground
Option excavation and that this would eliminate
groundwater ingress into the structure. It also noted
that a previous report had showed, via the use of flow
nets, that groundwater seepage into the excavation
could be adequately managed using sump pumps and
that it was unlikely that this would have a significant
effect on groundwater levels outside the excavation.

The EAR included a baseline hydrogeological
assessment. This appears to be based on publicly
available information only and it makes no reference
to the previous (1994) Gl by AEG. The assessment
concluded that the magnitude of impact was minor
adverse but that the significance was neutral owning
to the low groundwater quality

Pell
Frischmann

Environmental
Statement Scoping
Report (ESSR) (2011)%7

Preliminary design stage environmental scoping
report for the Preferred Option (Underground Option)
for the improvement of the A63 Castle Street.

The report set out how the Scheme was to be
assessed and the scope of the Environmental Impact
Assessment (EIA), and was circulated to statutory
environmental bodies and other key stakeholders for
consultation and comment.

Groundwater issues were covered in the Road
Drainage and Water Environment chapter. This made
reference to the findings of the EAR and concluded
that a Detailed Assessment was required that
included in the scope of work:

e an update of baseline information including
abstraction licences;

o afull flood risk assessment (FRA); and

o identification of mitigation measures in the
design where required.

However, as no discharges to groundwater were
being considered, a DRMB Volume 11 Method C —
Assessment of Pollution Impacts from Runoff to
Groundwater would not be required. Moreover,
further groundwater assessment of the Operational
Phase would also not be required.

37 Pell Frischmann (2011) A63 Castle Street Improvements — Environmental Statement Scoping Report
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Source Source detail Information available / Study conclusions
Pell Scheme Handover Handover report summarising the history of the
Frischmann Report (2011)38 Scheme to date and details of work undertaken in the

preliminary design stage.

This included a summary of groundwater strike and
level data collected to date, including that collected
during the 1994 ground investigation and a very small
amount of information from investigations predating
this (Acer in 1990; Holst in 1977; and Soil Mechanics

in 1987).
The Planning Scoping Opinion Comments relating to groundwater aspects of the
Inspectorate Proposed A63 Castle Drainage and Water Environment chapter of the ES
Street Improvements, are detailed below:
Hull (2013)% The Environmental Statement Scoping Report

addresses the issues we would wish to see in the
Environmental Impact Assessment relating to
groundwater and contaminated land. Details of the
hydrogeological assessments referred to in sections
10.6.3 and 15.6.15 [these relate to pumping tests]
must be agreed with the Environment Agency prior to
carrying out any works where pumping of groundwater
is proposed. Consent may be required under Section
32/3 of the Water Resources Act 1991 and pumping
tests may not be approved. This is because the
status of the Hull and East Riding Chalk groundwater
body is poor due to intrusion of saline water in the Hull
area. Additional pumping in this area may have a
detrimental effect on water quality in this important
aquifer.

The assessment within this topic chapter will inform
other assessments within the ES, in particular the
assessment of impact to groundwater and soils. It will
also inform the Nature Conservation assessment, and
it is noted that ecological receptors are identified in
Paragraph 15.5.1 of the Scoping Report. Under this
section impacts on features of Cultural Heritage
interest (particularly buried assets) are not identified
as potential receptors however, this is identified as a
potential effect in Section 7 of the Scoping Report.
The SoS considers that the drainage chapter should
also inform the Cultural Heritage assessment and that
potential impacts on heritage assets should be
identified within this topic chapter.

Riley, M. Note of the A63 Castle Alternative approach to analysis of the 2013 pumping
Street Pumping Test. test (see Appendix 11.5 pumping test report).
(2015)40 Transmissivity values agreed with analytical values

presented in Appendix 11.5 Pumping test report.

3 Pell Freshman (2011) A63 Castle Street Improvements — Scheme Handover Report
3% The Planning Inspectorate (2013) Scoping Opinion Proposed A63 Castle Street Improvements, Hull
40 Riley, M. (2015) A note on the A63 Castle Street Pumping Test
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Various Ennerdale Link Tunnel Ground conditions and predicted groundwater
and Humbercare conditions to the east of the A63 Castle Street
Sewerage Tunnel Scheme.

failures and lessons
learnt (articles)

2.1.5 The above list is not exhaustive. A number of studies covering the regional
geology, hydrogeology and groundwater quality have also been reviewed to inform
understanding of the baseline hydrogeological regime. Where these studies or any
additional information has been used, these are referenced in the body of the
report.

Ground investigation

2.1.6 Gls have been undertaken within the Scheme Site Boundary in 2013 and 2015/16
to inform the Project design.

2013 Gl

2.1.7 The 2013 Gl is described in detail in the Ground Investigation Report (GIR) (Annex
A). The purpose of this intrusive investigation was to confirm and supplement the
geotechnical and hydrogeological findings from the PSSR and other previous
investigations, and to inform the preliminary design and ES.

2.1.8 The 2013 Gl intrusive investigation comprised exploratory boreholes, trial pits,
window samples, self-boring pressure meter tests (SBPT) and archaeological
standard cone penetration tests (SCPTs). These were supplemented by
geophysical surveys, permeability tests, a pumping test, and groundwater level
and quality monitoring. The investigation was restricted to the construction
footprint of the Scheme.

2.1.9 The following aspects are of particular relevance to this groundwater investigation:
e Water strike information for the 51 exploratory boreholes

e Completion of seven chalk boreholes and 35 superficial deposits exploratory
boreholes as 50mm diameter observation boreholes

e Collection of manual dip data in completed observation boreholes at
approximately daily intervals between July 2013 and October 2013 while the
intrusive investigation was ongoing, and less frequently between October
2013 and January 2014. Additional data was collected on a monthly basis
between May and August 2014

e Installation of groundwater dataloggers in selected monitoring boreholes
between November 2013 and August 2014

e Groundwater quality sampling
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2.1.10

2.1.11

2.1.12

2.1.13

2.1.14

2.1.15

¢ Falling head tests and packer tests undertaken during construction and
following completion of monitoring installations

e Completion of two larger diameter boreholes in the Chalk and superficial
deposits, and test pumping of the Chalk borehole in December 2013

The permeability test programme and analyses are described in detail in Section
2.6.

The larger diameter borehole drilling and test pumping programme, results and
analysis are described in detail in the LDBHO1 Pumping Test Report (Appendix
11.5). The findings of the pumping test and associated monitoring are summarised
in Section 2.6.

The 2013 groundwater quality investigation is described in detail in the GIR
(Annex A) and the findings included in Volume 3 Appendix 12.1 Ground
contamination assessment. The findings are also considered in this report, both in
terms of baseline conditions and potential groundwater quality impacts during the
construction and Operational Phases of the Scheme.

2015/16 Gl

The purpose of the 2015/16 Gl was to confirm and supplement the geotechnical
and hydrogeological findings of the previous studies, and to inform the detailed
design and construction of the Scheme. The 2015/16 Gl focussed on the Trinity
Burial Ground and the Princes Quay footprint, as well as also covering the main
realignment route. Factual reports for the 2015/16 Gls are provided in Annex B —
D.

The 2015/16 Gl intrusive investigation comprised exploratory boreholes, window
samples, cone penetration tests (CPTs), and geotechnical and geoenvironmental
laboratory testing. The investigation was restricted to the Scheme Site Boundary.

The following aspects were of particular relevance to this groundwater
investigation:-

e Water strike information for the 31 exploratory boreholes

e Completion of two chalk boreholes and 21 superficial deposits exploratory
boreholes as 50mm diameter observation boreholes

e Collection of manual dip data in all the completed observation boreholes
whilst the intrusive investigation was ongoing

e Collection of groundwater level from data loggers in all the completed
observation boreholes. Additional data was collected following completion of
the Gl, to give a monitoring record of at least six months
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2.2

2.2.1

2.2.2

2.3

2.3.1

2.3.2

2.3.3

234

Topography and land use

The Scheme is low-lying and of relatively low relief, with ground levels varying
from about 3m above Ordnance Datum (AOD) to 5m AOD and-use at the site is
urban, with an existing road and junction. Domestic, industrial and commercials
buildings are located along the entire route, with green areas limited to within the
current Mytongate traffic island, the Trinity Burial Ground and land surrounding
William Booth House and the Myton Centre. Docks associated with the River
Humber are situated immediately to the north and south of the Scheme near the
Princes Quay shopping centre, and to the south of Trinity Burial Ground.

Historic aerial photos available on Google Earth Pro*! suggest that the proposed
site compounds at Livingstone Road, Wellington Street Island Wharf and the
Neptune Street set down compound are brownfield sites that are currently either
partially vegetated wasteland or semi-permeable hardstanding for vehicle parking
or storage. The Arco and Staples sites, and the Myton Centre are currently a
mixture of buildings, car parking and public open space. The eastbound and
westbound recovery bases are located in existing road laybys.

Regional geology
Bedrock

The bedrock underlying the city of Hull consists of Cretaceous Chalk. This extends
as far as Flamborough Head to the north, the Yorkshire Wolds to the west, the
Humber Estuary to the south, and the North Sea to the east.

The Yorkshire Wolds largely comprise Chalk downland, consisting of steep west
and north facing escarpments, with a dip slope gently south and eastwards
beneath Quaternary deposits, which thicken to the east. The Chalk typically dips
between 1- 2° eastwards*? and is contorted in places with some minor faulting
(though this is not apparent in the vicinity of the construction footprint).

The Chalk Group of Yorkshire is part of the Northern Province Chalk, and is split
into four lithostratigraphic units. In ascending order these are the Ferriby Chalk,
Welton Chalk, Burnham Chalk and Flamborough Chalk formations?8. The chalk

beneath Hull is part of the Burnham Chalk Formation.

North of the Humber Estuary, the Burnham Chalk is approximately 140m thick and
is characterised by thinly bedded chalks with discontinuous and tabular flint
bands?8.

4 Accessed 19 January 2018

42 Smedley, P. L., Neumann, |. and Farrel, R. (2004) Baseline Report Series: 10. The Chalk Aquifer of Yorkshire and North Humberside.
British Geological Survey. CR/04/128N. Environment Agency Technical Report NC/99/74/10
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2.3.5 The Chalk rockhead strongly influences topography in the region. Upland areas of
the Yorkshire Wolds where the Chalk outcrops extensively to form the crest and
plateau areas reach elevations of around 180m, but elevations quickly decrease to
the east. In the area around the Humber Estuary where the Quaternary superficial
deposits become thicker, the land is a relatively low lying coastal plain, draining to
the Humber Estuary and the North Sea.

2.3.6 A buried sea cliff formed in the Ipswichian interglacial stage can be traced beneath
the Quaternary cover from the current coastline near Bridlington down to the
Humber Estuary near Hessle and Barton. This significantly influences aquifer
productivity and groundwater chemistry in the region (see Section 2.6).

2.3.7 Figure 11.4.3 shows the regional distribution of the Cretaceous Chalk bedrock and
Quaternary cover in the Yorkshire area along with the location of the buried cliff
line and the River Hull.
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Figure 11.4.3: Regional geology overview of East Yorkshire?®
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Soils

2.3.8 ESI (2010) report seasonally wet deep clay and seasonably wet deep loam as the
dominant soil types.

Superficial Deposits

The British Geological Survey (BGS) created a 3D model showing the thickness
and distribution of Quaternary deposits in the Holderness area'”. The model used
borehole logs from the region to interpret the spatial distribution and thicknesses of
different superficial deposits.
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2.3.9 Figure 11.4.4 shows a summary of the superficial deposits across the Holderness
plain.
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Figure 11.4.4: British Geological Survey model output — superficial
depositst’

Key to geological map
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Based on OS topography © Crown Copyright. All rights reserved. BGS 100017897/2010. 10km grid squares.

Notes on Key: Mid_sand = glaciofluvial sand and gravel lenses in glacial till, GLLD —=glaciolacustrine clay near middle
glacial sequence, PG_Lag_A = glaciofluvial sand and gravel at the base of the glacial sequence.

2.3.10 The Quaternary deposits in the eastern parts of the Yorkshire and Holderness
region are mainly Devensian (late Pleistocene) glacial tills, glacial sands and
gravels, and post-glacial (Holocene) coastal and marsh sediments. In the lowland
areas of Holderness, these are commonly between 20 and 30m thick, and can
locally exceed 50m to the south?8.

2.3.11 The regional superficial deposits are characterised by deposits laid down during
periods of glaciation and inter-glaciation, and subsequently post-glacial estuarine
environments. It is subject to lateral and vertical variation on a localised scale, and
as such is highly complex. However a summary of the Quaternary geology directly
relevant to the Hull area is provided below, to add context to the local geology.

2.3.12 Directly overlying the Chalk are fluvio-glacial sands and gravels, which are
discontinuous across the region. A layer of fine grained and well sorted blown
sand (aeolian) overlies the fluvio-glacial deposits. These are considered to have
been deposited during a period of denudation, and are discontinuous due to
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2.3.13

2.3.14

2.3.15

2.4

2.4.1

242

243

244

subsequent periods of erosion. Locally, where present, the blown sands are
difficult to differentiate from the fluvio-glacial deposits.

The glaciolacustrine deposits overlie the fluvio-glacial and aeolian deposits, which
were subsequently overlain by glacial till from a subsequent phase of glaciation.
Alluvial deposits are present as channel features cutting down into the glacial till,
for example the former channel of the River Hull that crosses the Scheme (Section
2.5). Highly variable alluvial deposits cover the region. These cohesive deposits
contain layers of peat, particularly towards the base and reflect the marshland
environment found even up until development of the area.

Sand lenses, bands and horizons are found throughout the superficial deposits,
reflecting fluctuations in the depositional environment and historical channels
associated with braided river systems.

This section of the report focusses on providing an overview of the regional
geology in context with the geology which is important beneath the Scheme. The
general regional geology of East Yorkshire and the Holderness plain, including
aquifer units which are not present beneath the site, are described in much more
detail in a number of published studies. Key publications are referenced in Table
11.4.2.

Local geology

Geological details for the Scheme and for the site compounds are provided
separately below.

The Scheme

The understanding of the local geology is based upon exploratory boreholes
constructed as part of the 1994, 2013 and 2015/16 ground investigations.
Locations of the 2013 Gl exploratory boreholes are presented in Drawing 1168-09-
01-DR-001-PD8 of the 2013 GIR (Annex A). Geological cross sections based on
the 19947:843 and 2013%° Gl exploratory borehole logs have been created to show
the geology underlying the site (Drawing Nos.1168-09-01-DR-004 to 015 of the
GIR; see Annex A).

Made ground, comprising both granular and cohesive material, is recorded across
the full extent of the Scheme. The composition of the made ground varies,
depending on previous land use and the presence of historical structures.

The made ground is directly underlain by superficial deposits of the Quaternary
Period. These comprise varying thicknesses of cohesive and granular estuarine
alluvial deposits, and peat, underlain by cohesive and granular glacial deposits.

43 Acer (1995) A63 Trunk Road Improvements, Castle Street, Hull — Geotechnical Interpretative Report on Ground Investigation
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2.45 A channel feature is present below the eastern half of the Scheme, where glacial
deposits (the glacial till, glaciolacustrine and fluvio-glacial deposits) were locally
eroded and subsequently infilled with granular alluvium. A review of BGS borehole
logs across the Hull area suggest that the alluvial channel has an approximately
northwest — southeast orientation and extends towards the Humber Estuary. The
superficial deposits are underlain by chalk bedrock of the Burnham Chalk
Formation. Chalk rockhead is typically 20 — 30mbgl across the Scheme. It is
characterised by a layer of weathered chalk up to 9m thick, overlying more intact
chalk.

24.6 Table 11.4.3: summarises the geology underlying the Scheme.
Table 11.4.3: Summary of the geology underlying the Scheme

Lithology Description

Made ground Made ground is encountered across the full extent of the Scheme. The
greatest thickness is recorded at approximately Ch. 850, near the Humber
Docks, but the made ground thickness is generally variable, ranging from
0.3m to 13.0m. Trial pits have identified old walls, floors and foundations,
old service pipes and an old brick culvert within the made ground between
0.5m and 2.2m depth.

The granular made ground occurs between ground surface and 13.0mbgl|,
and has a maximum recorded thickness of 9.2m. It is described as slightly
to very gravelly clayey to silty SAND with occasional cobbles. The gravel
comprises fine to coarse limestone, sandstone, flint, brick and concrete.
Cobbles typically comprise chalk, brick or concrete.

The cohesive made ground occurs between ground surface and a
maximum recorded depth of 12.0mbgl, and has a maximum recorded
thickness of 8.0m. It is described as slightly gravelly to gravelly slightly
sandy to sandy CLAY with a low cobble content in some areas. Cobbles
typically comprise chalk, brick or concrete.

The cohesive and granular made ground are locally interbedded.

Cohesive alluvium Cohesive alluvium is continuously present beneath the made ground within
the Scheme between 0.6mbgl and 15.8mbgl. The thickness of the deposits
varies from 0.7m to 11.6m.

Field logs describe the cohesive alluvium as very soft to firm slightly sandy
CLAY with some peat pockets and bands of organic material. In some
areas, the cohesive alluvium is described as sandy SILT.

Comparison between field descriptions and particle size distribution data
suggests that all of the cohesive alluvial deposits may be described as
slightly sandy SILT. The silt is slightly gravelly in some areas, very soft to
soft, occasionally firm and commonly organic. A firm clay is often observed
at the base of the unit.

Locally, peat and granular alluvium are interbedded within the cohesive
alluvium.

Granular alluvium Granular alluvium deposits were encountered mainly towards the eastern
end of the Scheme at chainages over Ch. 600. The granular alluvium was
encountered directly under the cohesive alluvium between 4.1mbgl and
24.0mbgl. The thickness of the deposit varies between 0.05m and 13.6m,
with the greatest thickness in the area of the Humber Docks.

Field logs and particle size distribution data describe the granular alluvium
as comprising slightly silty to silty, gravelly SAND to sandy GRAVEL with
occasional cobbles. The gravel is of various content including flint and
chalk. confirms this description.
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Lithology Description

Peat Layers of relic peat and organic lenses were found within the alluvium.
These layers are discontinuous and encountered mainly in the central and
western parts of the Scheme. The peat layers, where present, vary
between 0.2m and 1.8m thick and were encountered at depths ranging
from 6.9mbgl to 22.6mbgl.

The peat layers are described as firm brown to black slightly clayey
pseudo- fibrous PEAT. Locally the peat is described as soft or very soft.

Glacial till Glacial till was encountered directly below the alluvium across the majority
of the Scheme. The only area where it is not present is in the area of the
Humber Docks. The glacial till was encountered between 8.2mbgl and
23.5mbgl, with the thickness of between 0.4m and 6.8m.

The glacial till is predominantly cohesive, and field logs describe the
deposits as firm to stiff slightly sandy to sandy slightly gravelly to gravelly
CLAY. The gravel is fine to medium of chalk and some flint.

Glaciolacustrine Glaciolacustrine material is present across the entire Scheme, typically
deposits underlying the glacial till but occasionally immediately underlying the
alluvium. The glaciolacustrine deposits were encountered between
13.3mbgl and 26.6mbgl, with a thickness of between 3.4m and 9.7m. They
are at their thickest in the middle and western parts of the Scheme, and
become thinner towards the east.

Field logs and the single particle size distribution (PSD) analysis describe
the material as firm to stiff thinly laminated slightly sandy CLAY with
occasional sand and silt partings. In some areas the material is slightly
gravelly slightly sandy CLAY.

Fluvio-glacial The base of the superficial deposits comprises fluvio-glacial material. This
deposits overlies the Chalk bedrock across most of the Scheme, but is thickest
towards the eastern end. The fluvio-glacial deposits are encountered
between 19.0mbgl and 33.6mbgl, and vary in thickness between 1.0m and
9.6m.

The deposits are described as silty to very silty gravelly SAND to sandy
GRAVEL. The gravel comprises fine to coarse chalk and some flint.

A relatively thin horizon (0 — 5m) of fine to medium grained sand was
identified to the east of Mytongate Junction in the 2015/16 GI, which may
represent blown (aeolian) sand. It is assumed that previous Gls did not
differentiate between this horizon and the fluvio-glacial deposits. For the
purposes of this hydrogeological assessment, the blown sand is considered
part of the fluvio-glacial deposits horizon.

Chalk Chalk bedrock was encountered across the Scheme. A layer of weathered
chalk overlaying more intact chalk is characteristic of the upper horizon of
this formation. The top of the weathered chalk is at a minimum recorded
depth of 20.6mbgl (-17.94 m AOD) in Borehole BH04 and at a maximum
depth of 33.6m (-28.96m AOD) in Borehole BH45. The maximum recorded
thickness of weathered chalk is 9.0m, with an average thickness of 4.6m.

The weathered chalk is described as very weak to medium and
structureless. It is generally recovered as strong sub-angular to angular
gravel and cobbles. Flints are recorded throughout.

2.4.7 Full descriptions of the geological units described above and their tested
properties can be found in the GIR (Annex A - D).

2.4.8 There are no known faults or dissolution features below the Scheme. There is also
no historical or current mining activity in or near this area.
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249

2.5

2.5.1

2.5.2

253

Site compounds and public spaces

A summary of the geology underlying the site compounds and rising main route,
based on existing borehole records available from BGS is provided in Annex E.
Key differences from the geology within the Scheme Site Boundary are provided
below:

Along the rising main route and at the Wellington Street Island Wharf
compound, there are greater thicknesses of made ground adjacent to the
Humber Estuary and Albert Dock.

The granular alluvium is absent or only partially present beneath all site
compounds, including the A63 westbound recovery base located to the east
of the River Hull. The granular alluvium is only present in some borehole logs
at the land south east of Mytongate Junction and at the Staples site.

At Livingstone Road, the Chalk rockhead is at much shallower depths (9 —
12mbgl) than within the Scheme Site Boundary. Fluvio-glacial deposits
directly underlie the alluvium in two boreholes, and Chalk directly underlies
the alluvium in one borehole.

‘Warp clay’ (soft laminated silt and clay) is identified in some borehole logs at
Livingstone Road and the Neptune Street set down compound.

At the Staples site, the glacial till is granular.

Regional hydrogeology

Chalk

Overview

The Chalk aquifer is a major source of water supply to Hull, Driffield and other
urban centres in East Yorkshire. Discharge from the Chalk is the primary source of
baseflow to watercourses in the Holderness Plain, including the Gypsey Race and
the River Hull. The Chalk also provides baseflow to streams draining to the north
and west, within the catchments of the rivers Derwent and Foulness.

Regional groundwater movement tends to follow the dip of the Chalk with a
significant groundwater divide along the Chalk escarpment of the Yorkshire Wolds.
The Chalk aquifer is unconfined across the Wolds where it outcrops but becomes
confined to the east by impermeable superficial deposits. Clay bands within the
Chalk may also act as locally confining layers.

The unconfined/confined boundary generally coincides with the buried cliff line, to
the east of which the thickness of the superficial deposits increases markedly?2.
Much of the groundwater flowing down-gradient from the Wolds to the east
emerges as springs or is pumped from the aquifer in the vicinity of this buried cliff

line.

Page 33



Collaborative Delivery Framework hlghways
A63 Castle Street Improvements, Hull england
Environmental Statement — Volume 3, Appendix 11.4

2.5.4 Seasonal changes in groundwater head are low in the confined aquifer but can be
as much as 30m in the unconfined aquifer. Historically, the Chalk underlying Hull
was artesian and groundwater discharged from springs adjacent to the Humber
Estuary. However, a long-term decline in groundwater heads due to abstraction
caused the springs to dry up and reversed the hydraulic gradient, leading to saline
intrusion®6-28, The Environment Agency and Yorkshire Water are currently
conducting investigations into the current extent of saline intrusion below Hull.

Aquifer properties

2.5.5 The Chalk is described as a dual porosity aquifer with groundwater flow occurring
within both the matrix (primary porosity) and through fractures (secondary
porosity). Although the chalk matrix has a high primary porosity, the small pore
throat size means a very low hydraulic conductivity (K) of less than 10-3m/day for
laboratory tested samples?®. The secondary porosity due to fractures and fissures
is relatively low, but most groundwater flow occurs through these and the
secondary hydraulic conductivity can be high.

2.5.6 As the Northern Province Chalk is harder and better cemented in comparison to
southern chalks, it tends to have cleaner fractures of increased frequency and
greater secondary permeability?®. It also means that the weathered chalk tends to
be in the form of more permeable rubbly chalk “bearings” as opposed to the fine-
grained putty chalk found in the south of England?®44 45,

2.5.7 Although the thickness of the Chalk is considerable, there is a significant variation
in hydraulic properties with depth. The effective aquifer thickness is greater in the
unconfined Chalk where there is a better developed secondary hydraulic
conductivity, particularly in the zone of water table fluctuation where fracture
hydraulic conductivity is enhanced by dissolution. The effective aquifer thickness is
usually significantly reduced in the confined aquifer and flow tends to be
associated with particular horizons of higher hydraulic conductivity (which can be
associated with flint bands). ESI assumed the effective aquifer thickness to be the
upper 30 to 50m of unconfined Chalk and the upper 10 to 15m of the confined
Chalk?s.

2.5.8 Transmissivity (T) is a measure of the aquifer’s ability to transmit water, where T =
Kb (b = saturated aquifer thickness). Transmissivity within the Chalk depends to a
great extent on fracture hydraulic conductivity. In the confined Chalk in the east of
Holderness, it can be as low as 50m?/d while in the unconfined aquifer, Allen et
al*® reported values up to over 10,000m?/d.

“ Younger, P. L., Teusch, G., and 10 others. (1997) Groundwater resources and climate change effects — GRACE. Final report of EC
Framework 3 Environmental Programme Contract CEC EV5V — CT94-0471.

4 Price, M., Downing, R. A. and Edmunds, W. M. (1993) The Chalk as an Aquifer. 35 — 58 in The hydrogeology of the chalk of North-
West Europe. Oxford: Clarendon Press).

46 Allen, D. J., Brewerton, L. J., Coleby, L. M., Gibbs, B. R. Lewis, M. A., MacDonald, A. M., Wagstaff, S. J. and Williams, A. T. (1997)
The physical properties of major aquifers in England and Wales. British Geological Survey Technical Report, WD/97/34.
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2.5.9 Allen et al. collated storage values estimated for the Northern Province Chalk as a
whole*®. These ranged from 1.5 x 10 to 1.0 x 10”" with a geometric mean of 7.2 x
10-3. Higher storage values (above 0.01) are associated with the presence of chalk
bearings at the top of the confined chalk?.

Designations

2.5.10 The following information is taken from the Environment Agency’s What'’s in your
backyard website+’.

2.5.11 The Chalk underlying Hull is classed as a principal aquifer. The Environment
Agency uses aquifer designations that are consistent with the WFD and are based
on BGS geological mapping. These designations reflect the importance of aquifers
in terms of groundwater as a resource (drinking water supply) but also their role in
supporting surface water flows and wetland ecosystems. Principal aquifers are
defined by the Environment Agency as ‘geological strata that have high
permeability and usually provide a high level of water storage. They are capable
of supporting water supply on a strategic scale and are often of major importance
to river base flow'. In most cases, principal aquifers were formerly known as major
aquifers.

2.5.12 The Environment Agency’s groundwater vulnerability classification for the Chalk
underlying central Hull (and also across the Scheme Site Boundary) is Low due to
the soil and overlying geology, which will limit the transport of contaminants to the
Chalk. To the west and northwest, the Chalk is classified as Medium and Medium-—
High. The Chalk is also classified as Medium — High along the banks of the
Humber Estuary.

2.5.13 Within the WFD Humber River Basin Management Plan, the Schemeis located
within the Humber GW Management Catchment and the Hull and East Riding
Chalk Operational Catchment, and the Chalk is identified as water body ID
GB40401G700700 (Hull & East Riding Chalk). The Cycle 2 review (2016)*®
classified the groundwater body as having poor quantitative status (due to saline
intrusion and dependent surface water body elements) and poor chemical status
(general chemical test, drinking water protected area and saline intrusion
elements). Chemical pressures include diffuse pollution (agricultural nutrient
management and also suspected pollution from towns, cities and transport) and
point source pollution (discharge from sewage treatment plant or untreated
sewage discharge plus agricultural point sources), while quantitative pressures
include saline intrusion due to abstraction. The groundwater body is designated as
a drinking water protected area (DrWPA) under WFD.

47 http://apps.environment-agency.gov.uk/wiyby/ Accessed 19 January 2018.

8 http://lenvironment.data.gov.uk/catchment-planning/OperationalCatchment/1101 Accessed 19 January 2018.
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2.5.14

2.5.15

2.5.16

2.5.17

2.5.18

2.5.19

2.5.20

To the west of Hull and the Scheme is Nitrate Vulnerable Zone (NVZ) G106;
Yorkshire Chalk. Site compounds located to the west of the Scheme Site
Boundary and adjacent to Fleet Drain are situated within this NVZ. The Scheme is
also within an area delineated as a non-statutory groundwater Safeguard Zone for
nitrate by the Environment Agency.

The Chalk underlying Hull is included in Groundwater Management Unit (GWMU)
South in the Environment Agency’s Hull and East Riding Abstraction Licensing
Strategy'®. Water is available for licensing but restrictions will be placed on
licences to protect both groundwater and surface water resources, as well as to
minimise the risk of saline intrusion.

The Environment Agency’s Groundwater Source Protection Zones for the Hull
area are presented in Figure 11.4.5°. The Scheme lies within SPZ3 (total
catchment) for a number of public and private water supply groundwater
abstractions that are located approximately 8km to the north west of the Scheme
Site Boundary. SPZ3 is defined as the area around a source within which all
groundwater recharge is presumed to be discharged at the source.

Groundwater abstractions are discussed in more detail below.

There are no statutory designated groundwater-dependent terrestrial ecosystems
within the study area®®.

Superficial deposits
Overview

The main component of the Quaternary cover across the Holderness Plain is
glacial till as described in Table 11.4.3:. The low permeability clays within the till
(and more locally, the glaciolacustrine deposits) confine the underlying Chalk in
most areas. However, where there are lenses of sand and gravel within the till, the
Chalk aquifer can be in local hydraulic continuity with the superficial deposits
above.

In some areas, including in Hull, fluvio-glacial sands and gravels directly overlie
and are in hydraulic continuity with the Chalk. Where these deposits are thick,
they can provide significant additional storage to the Chalk aquifer?6-2".

4 http://maps.environment-

agency.gov.uk/wiyby/wiybyController?x=3576838&y=355134&scale=18&layerGroups=default&ep=map&textonly=off&lang=_e&topic=grou

ndwater Accessed 19 January 2018

%0 http://www.natureonthemap.naturalengland.org.uk/MagicMap.aspx Accessed 19 January 2018
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Figure 11.4.5: Hydrogeological features location plan
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2.5.21 The alluvium overlying the glacial till largely consists of peat, silt and clay and is
generally of low hydraulic conductivity. However, localised, perched groundwater
is present where sandy horizons occur within the alluvium, and particularly within
the alluvial channel where extensive granular alluvium is present.

2.5.22 Similarly, localised, perched aquifers are present in the made ground.
Designations

2.5.23 Although the superficial deposits across the region are generally designated as
Secondary A or Secondary (undifferentiated) aquifers, they are not designated as
an aquifer beneath Hull and directly below the Scheme, and are classed by the
Environment Agency as unproductive strata that have negligible significance for
water supply or river base flow. However, this does not necessarily mean that they
do not contain permeable horizons that transmit groundwater.

Groundwater quality

2.5.24 The unconfined Chalk aquifer is vulnerable to the effects of pollution, particularly
from diffuse agricultural sources, which are a major issue for water supply. Nitrate
concentrations frequently exceed the UK drinking water standard (DWS) of 11.3
mg/I nitrate-N and pesticides can also be a significant issue. Further to the east
where the Chalk becomes confined, reducing conditions are present, leading to
the dissolution of metals such as arsenic, boron, iron and manganese, and
denitrification. Figure 11.4.6 shows a schematic of the redox boundary and
summarises major reactions that are likely to occur in the confined, reducing
aquifer environment (Smedley et al., 2004).

2.5.25 The confined Chalk underlying Hull is also affected by saline intrusion from the
River Humber due to historical over-abstraction from the early 1900s onwards.
Foster et al.%" concluded that the saline water present comprise a mix of connate
or old formation water and recent saline water from the Humber Estuary.
Chadha®? suggested that there was little evidence of ingress of poor quality water
from the River Hull or associated alluvial deposits. Howard and Lloyd’s 19833
study of groundwater major ion composition indicated the presence of ‘Type B’
saline water in the Hull area (referred to as ‘Type 2’ by Chadha®?), along with the
more recent saline intrusion from the Humber estuary. Type B saline water is
relatively shallow saline water related to the Middle/Late Flandrian marine
transgressions.

5! Foster, S. S. D., Parry, E. L. and Chilton, P. J. (1976) Groundwater resource development and saline water intrusion in the Chalk
aquifer of North Humberside. Rep. Inst. Geol. Sci. No. 76/4. HMSO. 34 pp.

52 Chadha, D. S. (1986) Saline intrusion in the Chalk aquifer of North Humberside, UK. Bockelman, R. H. Et al. (editors). Proceedings of
the 9th Salt Water Intrusion Meeting (SWIM), Delft, The Netherlands.

%3 Howard, K. W. F. And Lloyd, J. W. (1983) Major lon Characterization of Coastal Saline Ground Waters. GROUNDWATER. Vol. 21,
No. 4, July — August.
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2.5.26

2.5.27

2.5.28

2.5.29

Chadha®? also proposed that the saline front had stabilised. Little work has been
carried out until recently to investigate the position of the saline front beneath Hull,
and the relationship between the Chalk aquifer and the Humber Estuary is still not
fully understood. Four monitoring boreholes were constructed in December 2016
to inform a Yorkshire Water and Environment Agency joint saline intrusion study.
The locations of the monitoring boreholes are shown in Figure 11.4.5. Data
loggers collect information on water level and electrical conductivity.

Groundwater quality in the superficial deposits and made ground is dependent on
a number of factors, including the nature of the material, the degree of hydraulic
continuity with other aquifer units and the presence of contaminants.

Figure 11.4.6: Yorkshire chalk redox schematic4?

Box 6.2 Redox boundary (schematic)

Recharging water is generally saturated with dissolved oxygen at the partial pressure of the
atmosphere (10-12 mg 1" depending upon barometric conditions). Passing through the soil
and the unsaturated zone some of this O, will react as a result of microbiological processes
and oxidation-reduction reactions. However, almost all water reaching the water table still
contains several mg 1 dissolved O,. Geochemical reactions (oxidation of traces of pyrite,
organic matter and Fe™" present in minerals) progressively remove the O, along flow lines.
Once all the oxygen has reacted, an abrupt change of water chemistry takes place. This zone
is known as the redox boundary. Other changes may occur at and further down-gradient of
the redox boundary, especially denitrification and increased concentrations of dissolved iron
(Fe®") concentrations. Sulphate reduction and the production of sulphide (H,S as HS in
solution) may also occur at greater depths.

Rainfall and recharge

Rainfall across East Yorkshire had a long term average (LTA) of 685 mm between
1981 and 2010%’. Rainfall is orographic (i.e. controlled by topographic variations),
with LTAs varying from 832mm at the top of the Chalk escarpment in the Wolds to
584 mm in the southern part of the Holderness Plain. Seasonal variations typical
for the UK climate is evident, with the greatest rainfall occurring in autumn and
winter, and the lowest rainfall occurring in spring and summer.

Recharge to the Chalk aquifer is a complex combination of slow matrix flow and
rapid bypass flow controlled by the effective rainfall, the thickness and hydraulic
conductivity of the superficial deposits, the thickness and lithology of the

unsaturated zone and the potential for rapid bypass flow?8. The aquifer is largely
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2.5.30

2.5.31

2.5.32

2.5.33

2.5.34

supplied by direct recharge through the unconfined chalk where it outcrops in the
Yorkshire Wolds, with bypass recharge being the most significant recharge
mechanism, whereby rainfall bypasses the soil zone and rapidly reaches the water
table via preferential pathways such as fractures.

The time taken for recharge to reach the Chalk is estimated to be between seven
and 46 days?8. The dominant bypass recharge mechanism means that there does
not appear to be a direct correlation between unsaturated zone thickness and
recharge lag time, except where the unsaturated thickness is very large?.

Smedley et al.*? report that the long-term average effective recharge is estimated
to be around 300 mm per year, usually concentrated in the months October to
March.

Indirect recharge of the Chalk through the superficial deposits will depend on the
presence of more permeable horizons (sands and gravels), their lateral and
vertical extent, the degree of interconnectivity between them and the underlying
Chalk and the hydraulic gradient. Where there is an upwards hydraulic gradient
between the Chalk and superficial deposits and the more impermeable deposits
separating them are relatively thin, upwards leakage from the Chalk will contribute
to recharge of the superficial deposits.

The recharge/discharge relationship between the Chalk aquifer and Humber
Estuary is not well understood. However, there is evidence of springs along the
bank of the Humber, for example close to the Humber Bridge in Hessle, although
these have mostly dried up due to the impact of long-term abstraction.

Monthly rainfall data is available from the Environment Agency Great Culvert
(national grid reference TA 11455 35556) and Cottingham (national grid reference
TA 04791 34188) rain gauges over the monitoring period and are presented in
Figure 11.4.7, along with Met Office 1981 — 2010 averages for Hull. This shows
that generally speaking the majority of 2014 and summer 2017 were wetter than
average, and summer 2013, winter/spring 2015 and summer 2016 — spring 2017
were drier than average.
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Figure 11.4.7: Rainfall data
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Abstraction

Most of the major abstractions from the southern Yorkshire Chalk are located
close to the divide between the unconfined and confined aquifers, and are used for
public water supply (PWS). While some springs still flow in the area (e.g. north of
Beverley), urbanisation has led to changes in the natural groundwater flow
conditions. Over a century ago, shaft and adit systems were built to increase
groundwater abstraction for public water supply from locations including
Cottingham, Springhead and Dunswell. As a result of heavy abstraction,
particularly from Cottingham pumping station, most springs between Beverley and
Hull have dried up over the last century®?, and the former artesian boreholes in this
area now require pumping.

Historically, groundwater abstraction for public water supply, and industrial,
domestic and agricultural uses has not only resulted in the drying up of springs in
the Yorkshire Chalk, but has also reduced flows in the River Hull. In the first half of
the 20t century, many industries in the Hull area relied on their own boreholes for
water supply and the combined abstraction resulted in saline intrusion. Many of
these boreholes have now been abandoned and the remaining groundwater
abstraction in the region is managed to ensure that the saline front is stable or
retreating. Chadha®? suggested that the saline front had stabilised by the mid
80’s, but there is some uncertainty as to the current situation as there is little
groundwater quality monitoring in central Hull. Elsewhere, abstraction is managed
to ensure that environmental needs are sustained, particularly in relation to river
flows.
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2.5.37 The Environment Agency has supplied groundwater abstraction licence
information for the study area®*. The locations of licensed abstractions are shown
in Figure 11.4.5 and details given in Table 11.4.4. All abstractions are from the
Chalk, with the exception of two that are from the superficial deposits.

2.5.38 Hull City Council is not aware of any additional unlicensed groundwater

abstractions within the study area.

Table 11.4.4: Licensed groundwater abstractions within the study area

Licence

(\\[oR

Abstraction
horizon

Grid
reference

Max Daily
Quantity
(m3/d)

2/26/32/0 | STADIUM Agriculture Chalk TA 0580 3310 | 122.7
26 (VICAR (Horticulture &
LANE) LTD Nurseries) - Spray
Irrigation Direct
2/26/32/0 | ANCHOR Agriculture Chalk (two TA 0694 3640 | 273
45 NURSERIES | (Horticulture & boreholes) TA 0701 3641
LTD Nurseries) - Spray
Irrigation Direct
2/26/32/0 | LAWSON Agriculture Superficial TA 0423 3364 | 68.2
53 (General) - Spray deposits
Irrigation Direct
2/26/32/0 | IDEAL Industrial, Chalk TA 0620 3005 | 700
59 STANDARD | Commercial and
MANUFACT | Public Services
URING (UK) | (Machinery &
LTD Electronics) -
General Use
(medium loss)
2/26/32/0 | WHELDON Agriculture Superficial TA 0720 3670 | 109.1
87 NURSERIES | (Horticulture & deposits
Nurseries) - Spray
Irrigation Direct
2/26/32/1 | YORKSHIRE | Water Supply Chalk (four TA 02331 100000
26 WATER (Public) - Potable adit sources) | TA 04 29
EEEF){VICES Water Supply TA 04 34 1
TA 0635
2/26/32/1 | KEYGROWI | Agriculture Chalk TA 0640 3650 | 600
34 NG LTD (Horticulture &
Nurseries) - Spray
Irrigation Direct
2/26/32/2 | SEWELL Amenity (Private Chalk TA 0430 3360 | 68
04 Non-Industrial) -
Make-up or Top Up
Water

54 Data provided 29 December 2017
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2/26/32/2 | CH Agriculture Chalk TA 0700 3620 | 90.9
06 PLAXTON & | (General) - Spray
CO Irrigation Direct
2/26/32/2 | KEYGROWI | Agriculture Chalk TA 0627 3633 | 340
17 NG LTD (Horticulture &
Nurseries) - Spray
Irrigation Direct
2/26/32/2 | GLEN AVON | Agriculture Chalk TA 0417 3393 | 450
35 SERVICES (Horticulture &
Nurseries) - Spray
Irrigation Direct
2/26/32/2 | TWINACRE | Agriculture Chalk TA 0293 3224 | 23
65 NURSERIES | (Horticulture &
LTD Nurseries) - Spray
Irrigation Direct
2/26/32/12 | J Agriculture Chalk TA 0650 3650 | 114
79 LANCASTE (Horticulture &
R & SON Nurseries) - Spray
Irrigation Direct
2/26/32/2 | COLETTA & | Agriculture Chalk (two TA 0560 3550 | 381.2
88 TYSON LTD | (General) - Spray boreholes) TA 0560 3550
Irrigation Direct
2/26/32/3 | COLETTA & | Agriculture Chalk TA 0710 3675 | 140
44 TYSON LTD | (Horticulture &
Nurseries) - Spray
Irrigation Direct
2/26/32/4 | Hull Truck Industrial, Chalk TA 08952920 | 168
23 Theatre Co Commercial and
Ltd Public Services
(Other) - Non-
evapourative
Cooling
NE/026/0 | COLETTA & | Agriculture Chalk TA 05131 160
032/024 TYSON LTD | (Horticulture & 34361
Nurseries) - Spray
Irrigation Direct
NE/026/0 | COLETTA & | Agriculture Chalk TA 06917 82
032/025 TYSON LTD | (Horticulture & 35233
Nurseries) - Spray
Irrigation Direct
NE/026/0 | COLETTA & | Agriculture Chalk TA 06800 82
032/026 TYSON LTD | (Horticulture & 36300
Nurseries) - Spray
Irrigation Direct
NE/026/0 | Kirk Agriculture Chalk TA 05370 91
032/033 (General) - Spray 33640
Irrigation Direct
NE/026/0 | JP Agriculture Chalk TA 03898 250
032/035 COLBRIDGE | (Horticulture & 33899
LTD Nurseries) - Spray
Irrigation Direct
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NE/026/0 | RED ROOFS | Agriculture Chalk TA 05012 200
032/046 NURSERY (General) - Spray 34586
LTD Irrigation Direct
NE/026/0 | Durnford Agriculture Chalk (two TA 05650 1920
032/048 (Horticulture & boreholes) 34215
Nurseries) - Heat TA 05677
Pump 34252

Notes: ' Precise grid references not given

Surface water

Overview

There are two principal natural surface water features in the area, the Humber
Estuary and the River Hull. Details of these and key surface water features within
1km of the Scheme (including the site compounds) are summarised in Table
11.4.5, together with distances from the Scheme.

Table 11.4.5: Summary of key surface water features in the area

Water

features

Approximate

distance
from

Scheme (m)

Location in relation to
the Scheme

Additional comments

Boundary.

Humber 540m south Proposed rising main to The tidal Humber estuary is formed by the

Estuary discharge to Humber confluence of the tidal rivers Ouse and Trent at
Estuary. Wellington Trent Falls, Faxfleet.
Street Island Wharf and Upstream of Hull, the Market Weighton Canal
Livingstone Road site meets the estuary on its northern shore, while
compounds adjacent to the River Ancholm discharges to the estuary
Humber Estuary. on its southern shore.

River Hull 80m east Located approximately Tidal in lower reaches. River flows in
50m to the east of the southwards through Hull and discharges to the
Scheme Site Boundary. River Humber close to the eastern extent of the
A63 westbound recovery | Scheme. Itis protected from flooding by a tidal
base approximately barrier at the mouth of the river.
425m east of the River
Hull.

Beverley 1.23km north Discharges to the River

and Hull 1.23km north of the

Barmston Scheme Site Boundary.

Drain

Ganstead / | 3km east Located approximately Discharges to the Humber Estuary

Holderness 3km to the east of the Hydraulically isolated from the Chalk

Drain Scheme Site Boundary.

Fleet Drain | 5.5km west Livingstone Road site Discharges to the Humber Estuary
compound adjacent to
Fleet Drain.

Albert 385m south Wellington Street Island Connected to the Humber Estuary via lock

Dock Wharf site compound and | (lock opens for three hours either side of high
Neptune Street set down tide).
compound adjacent to Approx. area: 2.73ha
Albert Dock.

Railway 73m south Located immediately Connected to Humber Dock.

Dock south of the Scheme Site

Approx. area: 10,000m?
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Approximate
Water distance Location in relation to

features from the Scheme Addiiionalicemmeris

Scheme (m)

Yorkshire Water sewer
diversion routes may run
adjacent to Railway
Dock.
Humber 20m south Princes Quay Bridge to Connected to the Humber Estuary via locks
Dock be constructed adjacent and the Humber Dock Basin.
(Marina) to Humber Dock 6.4 — 7.9m deep (depending on tides).
Topped up by pumping from the Humber
Estuary (water lost by normal use of lock
gates). Impound pumps set to keep levels at
an optimum for the marina pontoons®
Approx. area: 27,000m?
Princes 20m north Princes Quay Bridge to Historically connected to the Humber Dock,
Dock be constructed adjacent now hydraulically isolated.
to Princes Dock Average depth: 5.8m.
Prince’s Quay shopping centre built over part
of Prince’s Dock on stilts.

Docks

2.5.40 Details of the construction of Humber Dock and Princes Dock are available®® and
are summarised as follows.

e The dock walls are brick built and faced with a coarse grit sandstone
(Millstone Grit) above average tide and pointed with a pozzuolana mortar
(lime mortar with pozzuolanic ash added to ensure the mortar set and
endured in wet environments).

e The dock walls are around 1.8 to 2.7m thick with more than 1m of infill
behind, and 8 to 9m deep. They are underlain by wooden piled foundations.

2.5.41 During construction of the Humber Dock lock pit, a freshwater spring was found.
This caused problems during construction and created subsidence issues
thereafter, and remedial works were required as a result.

2.5.42 BH503 was drilled through the base of Humber Dock as part of the 2015/16 Gl.
Below the 5m water column, the base of the dock was found to be underlain by 1m
of clayey silts (interpreted as dock silts), 1m of sandy slightly clayey gravel with
low cobble content (made ground) and 3.3m of clayey silt and silty clay (cohesive
alluvium).

% MMG JV (2014) A63 Castle Street Improvements, Hull — Underpass Drainage Outfall Location Review 1168-08-005-RE-003

%6 Timperley, J. (1836). "An Account of the Harbour and Docks at Kingston-Upon-Hull. (Including Plates)". ICE Transactions. 1 (1836):
1. doi:10.1680/itrcs.1836.24437.
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Designations

2.5.43 The current (2016 Cycle 2) RBMP status and objectives of surface water bodies
are summarised in Table 11.4.6.

Table 11.4.6: Water body status and objectives®’

Water body ID

GB104026067210

River Hull from Arram

GB530402609202

GB 104026066750

Quality (2016)

Good

Fail

Water Body Name Beck to Humber Humber Middle Fleet Drain
Hyd_romo_rphologlcal Heavily modified Heavily Mod!ﬂed due to | Artificial
Designation flood protection

Current Ecological . . Moderate
Quality (2016) Moderate Potential Moderate Potential

Current Chemical Good

Ecological Good by 2027 Moderate by 2015 Good by 2027
Objectives
Chemical Good by 2015 Good by 2015 Good by 2015
Objectives

Linked Protected
Area

Nitrates Directive

Conservation of Wild
Birds Directive

Habitats Directive
Nitrates Directive

Nitrates Directive

2.5.44 The Humber Estuary is designated as a Site of Special Scientific Interest (SSSI),
Special Protection Area and Special Area of Conservation (SAC) for its nationally
important habitats, which include coastal saltmarsh, intertidal mudflats and
sandflats, saline lagoons and sand dunes. The estuary is also a wetland of
international importance and is therefore designated as a RAMSAR site 8.

2.5.45

2.5.46

Abstraction

There are no surface water abstractions within a 1km radius of the Scheme.
There are surface water abstractions located further afield, but these are upstream
of the Scheme and are therefore not considered to the groundwater assessment.

Surface water — groundwater interaction

The hydraulic connection between the Humber Estuary and underlying
groundwater is not well understood. As the Chalk beneath Hull is confined by
significant thicknesses of low permeability superficial deposits, it is unlikely that
watercourses receive any significant baseflow from the Chalk, although north of
Hull where superficial deposits are less extensive, the River Hull and other surface
water bodies do receive baseflow from the Chalk?6.

57 http://environment.data.gov.uk/catchment-planning/OperationalCatchment/3274 Accessed 19 January 2018

%8 http://www.natureonthemap.naturalengland.org.uk/ Accessed 19 January 2019
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2.547

2.5.48

2.5.49

2.5.50

2.6

2.6.1

Historically, groundwater discharged from submarine springs and seepages such
as the Hessle Whelps, although this is no longer the case as heavy abstraction
from the Chalk aquifer caused the springs to dry up and has reversed hydraulic
gradients. Saline intrusion from the estuary into the aquifer has more recently
been an issue although investigations during the drought of 1976 suggested that
this has in fact now ceased. It has been suggested that this may be as a result of
the clogging of macro-pores in the estuary bed by fine sediment with the onset of
leakage?®

Site investigations for the Humber Gas Pipeline Replacement Project®® between
Goxhill (Lincolnshire) and Paull have found there to be variable thicknesses of
superficial deposits horizons underlying the Humber Estuary, affecting the
hydraulic connection between the Chalk and the Humber. Near Goxhill, for
example, no hydraulic barrier was identified between permeable alluvial deposits
and the Chalk beneath the Humber Estuary, whereas further northeast towards
Paull, low permeability glacial till deposits thickened beneath the estuary and are
overlain by less than 1m of alluvial deposits.

As part of the Environment Agency’s East Chalk model update?’, which takes into
account the findings of the A63 hydrogeological investigations, the southern
boundary (Humber Estuary) conditions were updated to allow a degree of
connection between the Chalk aquifer and the River Humber. This was found to
better replicate the zone of influence of the PWS abstractions to the north and
west of Hull and naturalised heads along the southern boundary. The updated
model suggests that under high groundwater level conditions, the Humber Estuary
gains water from the Chalk aquifer, whereas under extreme low groundwater level
conditions, (i.e. drought conditions), along much of the estuary it forms a source of
water to the aquifer, probably supporting groundwater abstraction from the Chalk.

It is possible that there is some leakage through the base of the docks, although
the extent of which is not fully understood, especially in the Humber Marina where
water levels are maintained by pumping from the Humber Estuary.

Local hydrogeology
Groundwater levels
The study area

The Environment Agency has a number of monitoring boreholes in the study area,
all located on the west and north western outskirts of Hull, and with response
zones in the confined Chalk. The locations are shown in Figure 11.4.5, along with
the locations of Yorkshire Water’s public water supply boreholes and saline

% Hyder (2015) River Humber Gas Pipeline Replacement Project. Environmental Statement Document 6.13.3 — Hydrogeological Impact
Assessment for National Grid
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2.6.2

2.6.3

intrusion monitoring boreholes® in central Hull. Hydrographs for these boreholes
are provided in Figure 11.4.8 and Figure 11.4.9. Groundwater level contours for
February 2017 are presented in Figure 11.4.10 and Figure 11.4.11 for high tide
and low tide respectively.

Figure 11.4.8 indicates that the seasonal groundwater head variation within the
confined Chalk in the study area is between 5 and 10m. Groundwater levels to the
west of the study area are generally higher, indicative of their presence in relation
to the buried cliff line, the limits of the confined Chalk, and recharge through the
unconfined Chalk of the Yorkshire Wolds. To the north and northwest,
groundwater levels are controlled by abstractions from the public water supply
sources. These controls are thought to extend as far south as the saline intrusion
monitoring borehole BH C. Further south, and across the Scheme, groundwater
levels are relatively flat and controlled by local tidal influences.

Figure 11.4.9 shows that there are tidal influences from the Humber Estuary as far
north as BH C (approximately 10km from the estuary), although the tidal response
varies at each location. This may be due to the fracture geometry in the Chalk
and/or the effect of variable thicknesses and composition of superficial deposits
underlying the Humber Estuary (see Section 2.5).

80 Saline intrusion boreholes installed December 2016
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Figure 11.4.8: Chalk hydrographs across the study area
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Figure 11.4.9: Chalk hydrographs for saline intrusion monitoring boreholes
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Figure 11.4.10: Chalk groundwater level contours, February 2017; high tide
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Figure 11.4.11: Chalk groundwater level contours, February 2017; low tide
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26.4

2.6.5

2.6.6

The Scheme - overview

The following discussion is based on the findings of the 2013 and 2015/16 Gls
(Annex A — D), and the subsequent groundwater monitoring programmes. As part
of these Gls, a total of nine boreholes in the Chalk and 56 boreholes in the
superficial deposits were completed as observation boreholes. A summary of the
hydrogeological investigations carried out and data collected as part of the Gls is
provided in Section 2.2 of this report. Borehole installation details are summarised
in Annex F, while Figure 11.4.12 shows the location of these monitoring boreholes
and the response zone lithology.

Whilst vibrating wire piezometers were installed as part of both the 2013 and
2015/16 Gls, data collected has not been presented in this report as due to the
questionable reliability of some of the early results.

Groundwater level monitoring across the Scheme can be summarised into the
following key periods:

e 17 July — 4 October 2013: Groundwater dip data was recorded roughly daily
while the intrusive works were ongoing for the 2013 Gl. The dip monitoring
schedule depended on the construction schedule over this period and when
each borehole was completed.

e 6 November — 13 December 2013: Groundwater monitoring was undertaken
in selected monitoring boreholes in association with the drilling and testing of
the two larger diameter pumping test boreholes, LDBH01 and LDBHO2.
During the LDBHO1 pumping test (9 to 13 December 2013), frequent water
level data was recorded in LDBHO1 (Chalk), BH24 (Chalk), BH25 (glacial till
(GT)), BH26 (peat/GT), BH27 (sandy clay — cohesive alluvium (CA)), BH28
(GT) and BH29 (Chalk). Dipped water levels were also taken in BH14 (peat),
BH15 (GT), BH18A (Chalk) and SPB04 (sandy silt — CA).

e January — August 2014: With the agreement of Highways England, MMS JV
undertook a further period of monitoring to capture any seasonal variations.
Five groundwater data loggers were deployed between January and August,
and groundwater level dip data was recorded monthly between May and
August for the maijority of monitoring boreholes. During this period, the data
loggers were deployed in selected boreholes for a few days at a time to
determine hydraulic relationships between superficial deposits and the
Chalk, and also hydraulic gradients within individual aquifer units.

e August 2015 — October 2017: Monitoring continued in the selected boreholes
from the 2013 GI and all monitoring boreholes installed in the 2015/16 GlI, as
summarised in Table 11.4.7. Full details of the dip and logger data datasets
are provided in Annex G.
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Table 11.4.7: Summary of Monitoring Boreholes

Response zone Monitoring Boreholes
geology Dip data only Dip and logger data

Made Ground BH416

Cohesive Alluvium SBP04, BH32, BH301, BH302,
BH307, BH309, BH402, BH405,
BH413, BH417

Granular Alluvium BH21, BH37, BH38, BH40A, BH34, BH308, BH411, BH414,

BH42, BH46 BH502

Glacial Till BHO1, BH13, BH26 BH303, BH404, BH406

Glaciolacustrine BHO03, BH06, BH20 BH412, BH501

deposits

Fluvio-glacial BH42 BH305

deposits

Chalk BH33, BH306, BH415

2.6.7 Groundwater level monitoring across the Scheme is presented in the following
figures. Figure 11.4.12 shows the location of these monitoring boreholes and the
response zone lithology.

e Figure 11.4.13 to Figure 11.4.19 inclusive present dip data and logger data
hydrographs for all boreholes in the superficial deposits and Chalk horizons
for the full monitoring record (July 2013 to October 2017).

e Figure 11.4.20 focuses on groundwater levels in both the superficial deposits
and Chalk during the LDBHO1 pumping test. Full details of the pumping test,
including the test analysis, are provided in the Pumping Test Report (MMG
JV, 2014c).

e Figure 11.4.21 to
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Figure 11.4.24 inclusive show the hydrographs for the data loggers deployed
in selected boreholes for shorter periods of one to three months. In Figure
11.4.21 and Figure 11.4.22, each hydrograph relates to different sets of
boreholes in which the data loggers were installed in the period between
January to August 2014. Figure 11.4.23 and
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Figure 11.4.24 focus on logger data for boreholes centred around Trinity
Burial Ground and the Princes Quay Bridge location respectively.

Figure 11.4.25 presents dip data taken at high and low tides on 27 February
2017.

Figure 11.4.26 and Figure 11.4.27 present a long-section and cross-section
respectively through the Scheme. These show the general geology, the
lithology encountered in each groundwater monitoring borehole and the
response zone for that borehole, and mean groundwater levels based on the
initial water level monitoring period (up to and including 24th January 2014).
A plan showing borehole locations and the line of section is shown above
each geological section.
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Figure 11.4.12: Groundwater monitoring installations
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Figure 11.4.13: Hydrographs for Scheme boreholes in superficial deposits — made ground (from Arup, 2018)
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Figure 11.4.14: Hydrographs for Scheme boreholes in superficial deposits — cohesive alluvium (from Arup, 2018)
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Note: Arup monitoring has placed a 2## prefix to all 2013 Gl monitoring installations, i.e. BH12 becomes BH212.
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Figure 11.4.15: Hydrographs for Scheme boreholes in superficial deposits — granular alluvium (from Arup, 2018)
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Note: Arup monitoring has placed a 2## prefix to all 2013 Gl monitoring installations, i.e. BH21 becomes BH221.
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Figure 11.4.16: Hydrographs for Scheme boreholes in superficial deposits — glacial till (from Arup, 2018)
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Note: Arup monitoring has placed a 2## prefix to all 2013 Gl monitoring installations, i.e. BH13 becomes BH213.
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Figure 11.4.17: Hydrographs for Scheme boreholes in superficial deposits — glaciolacustrine deposits (from Arup, 2018)
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Note: Arup monitoring has placed a 2## prefix to all 2013 Gl monitoring installations, i.e. BHO3 becomes BH203.
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Figure 11.4.18: Hydrographs for Scheme boreholes in superficial deposits — fluvio-glacial deposits (from Arup, 2018)
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Figure 11.4.19: Hydrographs for Scheme boreholes in Chalk (from Arup, 2018)
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Note: Arup monitoring has placed a 2## prefix to all 2013 Gl monitoring installations, i.e. BH33 becomes BH23
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Figure 11.4.20: LDBHO1 pumping test hydrographs
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Figure 11.4.21: Hydrographs for boreholes monitored using dataloggers — January 2014
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Figure 11.4.22: Hydrographs for boreholes monitored using dataloggers — January to August 2014
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Figure 11.4.23: Hydrographs for boreholes adjacent to Trinity Burial Ground — April 2016
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Figure 11.4.24: Hydrographs for boreholes adjacent to Princes Quay Bridge — September to October 2015
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Figure 11.4.25: Chalk groundwater levels at high tide and low tide, 28 February 2017
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Figure 11.4.26: Geological section along centre line (a - c)
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Figure 11.4.27: Geological section A - A’
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2.6.8 Water level data for monitoring boreholes within the Scheme confirm that
groundwater in the more permeable, natural superficial deposits is generally
confined by the cohesive deposits (see Figure 11.4.13 to Figure 11.4.18 inclusive).
Table 11.4.8 presents the range of groundwater heads in each horizon, along with
the observed tidal response.

Table 11.4.8: Groundwater head ranges and tidal responses
Horizon Groundwater Tidal Response Comments
Head Range
(m AOD)

Made Ground 0-5-3.0 None Perched groundwater. Limited
seasonal/temporal variations

Cohesive -0.5-20 <0.1m at BH32 and Considered to confine underlying

Alluvium BH413 only permeable superficial deposits
and the Chalk

Granular 0-1.3 0.1m (BHO08; Western Muted tidal impact towards

Alluvium extents) — 0.4 (BH46; western extent of granular

Eastern extents) alluvium within Scheme Site

Boundary, which reflects limited
thickness in this area.

Glacial Till -1-1.5 None

Glaciolacustrine | -1-2.5 <0.1 (BH20) — 1m

Deposits (BH412 & BH501)

Fluvio-glacial -1-25 Up to 3.5m In hydraulic continuity with the

Deposits Chalk

Chalk -1.56-25 1.5m (neap tides) - 3m

(spring tides)
Groundwater heads in the superficial deposits

2.6.9 Groundwater in the made ground is typically perched. The nature of the made
ground suggests that perched aquifers are laterally and possibly vertically
discontinuous, but this cannot be confirmed from the data available.

2.6.10 The hydrographs for the cohesive alluvium and glacial till boreholes do not show
any obvious response to individual rainfall events or seasonal variation, due to
limited flow within these horizons. As little response was seen in the unconfined
made ground and shallow horizons within the cohesive alluvium, it is also possible
that the large areas of hard standing and artificial drainage within the Scheme also
confine the site, meaning that recharge to the superficial deposits in general is
largely indirect.

2.6.11 There are, however, three cohesive alluvium monitoring boreholes at the Trinity

Burial Ground (BH302, BH307 and BH309) that do show some response to
seasonal rainfall. Water levels show a seasonal variation of up to 1.5m. They
reached a minimum in the October of both 2015 and 2016, followed by a clear
recovery and water levels reaching a maximum between February and March of
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2.6.12

2.6.13

2.6.14

2.6.15

2.6.16

2.6.17

the following year (see Figure 11.4.14). It is possible that these represent limited
perched groundwater within the cohesive alluvium.

The hydrographs for the granular alluvium, glaciolacustrine deposits and fluvio-
glacial deposits show a very slight seasonal variation in groundwater heads,
although the primary influence on groundwater heads appears to be tidal impacts,
especially in the glaciolacustrine and fluvio-glacial deposits. The seasonal peaks
occur in Autumn and lows occur in early Summer, suggesting that recharge is
indirect and possibly via the Chalk.

With the exception of the Chalk, the greatest tidal impact is seen in the fluvio-
glacial deposits, which are in hydraulic continuity with the Chalk.

Tidal impacts are much smaller in the granular alluvium and glaciolacustrine
deposits, and a very small tidal impact can also be seen in two boreholes in the
cohesive alluvium (BH32 to the north of the burial ground and BH413 close to
Princes Quay Bridge). In these horizons, the tidal response is always dampened
and delayed in comparison to that seen in the Chalk. The level of the response is
presumably dependent on the level of response in the underlying aquifer unit, the
proximity to the Humber Estuary and/or the alluvial channel feature, the degree of
leakage and hydraulic properties. It is also possible that the alluvial channel
feature (granular alluvium) is in hydraulic continuity with the Humber Estuary.
Zektser et al.%! notes that the lithologies typical of the superficial deposits within
the Scheme have higher storage and lower transmissivity values than the Chalk,
leading to a lower tidal efficiency, and a more subdued tidal response.

Groundwater heads in the Chalk

Chalk groundwater heads have typically varied between -1.5 and 2.5m AOD over
the monitoring period. The most significant impact on groundwater heads is the
mixed semi diurnal tidal response of the Humber Estuary. There is no obvious
response to rainfall events or seasonal variation, as the Chalk is strongly confined
beneath Hull.

The tidal impact on Chalk groundwater heads results in fluctuations of up to 3m
during spring tides and 1.5m during neap tides (see Figure 11.4.19). On 5
December 2013, water levels in LDBHO1 and nearby Chalk monitoring boreholes
rose by 4m in response to a combination of the spring tide and a tidal surge, which
inundated Commercial Road and the area around Mytongate (see Figure 11.4.20).

The tidal lag time in the Chalk was estimated from groundwater head and estuary
water level data to be around 53 minutes at BH18A (in the centre of the Mytongate
roundabout). A similar lag time of 48 minutes was obtained for BH29, located
approximately 100m south of BH18A. However, a greater lag time of 64 minutes
was obtained at BH24, located between BH29 and BH18A, which suggests

61 Zektser, I. S., Dzhamalov, R. G. and Everett, L. G. (2007) Submarine Groundwater. CRC Press. Taylor and Francis Group.
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2.6.18

2.6.19

2.6.20

anisotropy within the Chalk and/or a variable thickness of superficial deposits in
the Humber Estuary such as that seen between Goxhill and Paull (see Section
2.5).

There is an upwards hydraulic gradient within the Chalk at low tide when
groundwater levels in the deeper Chalk (BH415: monitoring horizon 8 — 12m below
rockhead) are typically 0.25m higher than levels in the shallow Chalk (BH306:
monitoring horizon 0 — 1.5m below rockhead). Groundwater levels are very similar
within the shallow and deeper Chalk at high tide (see Figure 11.4.19).

There are, however, periods when there is a smaller tidal response in the deep
Chalk compared to the shallow Chalk at low tide. It is not clear why this is the
case, although it may perhaps be due to the thickness of superficial deposits in the
Humber Estuary varying with time.

Hydraulic relationships between aquifer units

Although there is a small tidal response in some boreholes monitoring the more
permeable superficial deposits overlying the cohesive glacial till and
glaciolacustrine deposits, the water level data collected to date suggests that there
is minimal leakage through these deposits. There might be more leakage where
they thin in the eastern part of the Scheme, but this isn’t particularly apparent from
the data.

Vertical hydraulic gradients depend on the state of the tide. The hydrographs in Figure
11.4.21 and Figure 11.4.22 show that there is generally a downwards hydraulic gradient
between the superficial deposits above the glaciolacustrine deposits, and the fluvio-glacial
deposits and Chalk at low tide, but that this reverses at high tide.
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2.6.21

2.6.22

2.6.23

2.6.24

2.6.25

2.6.26

Figure 11.4.24 shows that in the area around the Princes Quay Bridge,
groundwater heads in the glaciolacustrine deposits are higher than heads within
the overlying cohesive and granular alluvium.

Mean daily groundwater heads are generally slightly higher in the superficial
deposits than in the Chalk.

Hydraulic gradients — superficial deposits

In view of the strongly linear nature of the Scheme, the concentration of monitoring
boreholes towards the centre of this area, the complexity of the superficial
deposits and the tidal impacts, groundwater head contour maps for the Scheme
have not been prepared. However, some conclusions can be drawn from the water
level data for the boreholes monitoring the superficial deposits. This indicates that
there is no discernible hydraulic gradient across the Scheme other than within the
granular alluvium where there appears to be some groundwater flow towards the
west. Note that the granular alluvium is only present across the eastern half of the
Scheme, where it exists in the form of an alluvial channel feature (Figure 11.4.26).

With the present dataset, it is difficult to determine whether there is a north-south
component of flow in either the granular alluvium or other superficial deposits. The
Gl monitoring boreholes are restricted to within the Scheme Site Boundary and
monitoring boreholes in the superficial deposits elsewhere in the study area are
sparse. It is assumed, however, that the groundwater flow within the granular
alluvium is likely to follow the path of the alluvial channel feature, which has an
approximately northwest — southeast orientation as well as the slight westwards
flow path mentioned above.

Hydraulic gradients — Chalk

The groundwater level contour maps for the wider study area based on data from
the saline intrusion monitoring boreholes and the Environment Agency monitoring
network (Figure 11.4.10 and Figure 11.4.11) suggest that at high tide, there is a
slight northwards hydraulic gradient across the Scheme, and that this is reversed
at low tide. Groundwater level dip data taken at high tide and low tide on 28
February 2017 across the Scheme is plotted in Figure 11.4.25 and is in agreement
with the data for the study area. These hydraulic gradients are small at both low
and high tide, however (~7 x 104, as measured between BH01 and BH22, BH02
and BH B and BH22 and BH B).

Logger data from January 2014 (Figure 11.4.21A) suggests that there may be
other influences on Chalk groundwater heads across the Scheme itself, however.
At low tide, water levels are lowest in BH29, followed by (in order of increasing
water level) BH33, BH22 and BH02, with the highest levels in BH11. BH11
appears to be the anomaly of the group as it consistently has the highest water
levels no matter what the phase of the tide, even though it is located towards the
centre of the Scheme. This may be because of heterogeneity within the Chalk in
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2.6.27

2.6.28

2.6.29

2.6.30

terms of flow horizons and fracture geometry, as discussed previously, or due to
the thickness of glacio-fluvial deposits overlying the Chalk.

Surface water — groundwater interactions

Although the Chalk and Humber Estuary are known to be in hydraulic continuity,
there is little information that confirms the degree of hydraulic connection between
the two. However, it is generally considered that clogging of the estuary bed by
fine material as a consequence of saline intrusion due to historic heavy
exploitation of the aquifer means that there is now only very limited leakage
between the two?® and the observed tidal fluctuations reflects a tidal loading effect
on the confined aquifer?”. Depending on the hydraulic gradient, the Chalk may
either provide some baseflow to the estuary or be susceptible to further saline
intrusion, although it does appear that the mean hydraulic gradient is broadly
neutral. Groundwater from the permeable superficial deposits (and especially the
granular alluvium) may also provide baseflow to the Humber estuary, although this
is likely to be very limited due to their limited storage, and the presence of
aquitards.

Aquifer properties

Aquifer properties have been determined from the results of permeability tests
carried out as part of the 2013 Gl, as well the LDBHO1 pumping test. No
permeability tests were carried out as part of the 2015/16 Gl.

Permeability tests included falling head tests (FHT), constant head tests (CHT)
and packer tests (Chalk only). Some tests were carried out part way through
drilling in ‘open’ boreholes and some were undertaken in the completed monitoring
installations.

The permeability tests were carried out and analysed by Geotechnics Ltd., and
reported on in its Gl report?°. The results are summarised in Table 11.4.9 and
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2.6.31 Table 11.4.10, together with comments on results which might be considered
questionable when compared with well-established published values®?.

Table 11.4.9: Hydraulic conductivity (K) values derived from permeability
tests — superficial deposits (Geotechnics Ltd., 2013)

BH Test section Geological Derived K Comments
number depths (m unit under value (m/s)
AOD) test
FHT - Cohesive
BHO7 Standpipe -1.1t0-51 alluvium (sandy | 7.43 x 107 Derived from 1 test only
installation clay)
FHT - Cohesive
BH12 Standpipe -2.09 to -5.09 alluvium (sandy | 7.51x 107 Derived from 1 test only
installation clay)
Glacial till (sand
with a small
FHT - .
BH13 Standpipe 11233:'33 to- ;(rag#ﬁging into 3145107 Derived from 1 test only
. . . . X -
installation the
glaciolacustrine)
FHT - Cohesive
BH14 Standpipe -6.9to -8.7 alluvium (sandy | 2.68 x 106 Derived from 1 test only
installation clay with peat)
FHT - Glacial til Derived from 1 test
BH15 Standpipe -9.45t0 -12.45 | (sandy gravelly ny. PP
; ; 1.41x 106 high when compared
installation clay) ) .
with published values
FHT - Derived from 1 test
BH20 Standpipe -14.2t0 -16.2 Glaciolacustrine | 2.09 x 10 7 onl
installation Y
CHT - Granular
BH21 Standpipe -7.1310-9.03 . 4.02x10-°
; ; alluvium (gravel)
installation
Derived from 1 test
FHT - Glacial till only. K result appears
BH25 Standpipe -9.85 to -12.55 | (sandy gravelly . slightly high when
installation clay) 2.29x 10 compared with
published values
Gl o i
BH26 Standpipe -8.96 to -10.96 p Derived from 1 test only
installation cohesive 1.77x10°7
alluvium)
Derived from 1 test
FHT - Glacial till only. K result appears
BH28 Standpipe -9.02 to -12.52 | (sandy gravelly S slightly high when
installation clay) 2.93x10 compared with
published values
CHT — K result appears
BH32 Standpipe | -4.3310-7.83 | Conesive slightly high when
; : alluvium 1.15x 10 5 compared with
installation : ;
published values

62 Freeze, R. A. And Cherry, J. A. (1979) Groundwater. Prentice Hall International, Inc.
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CHT -
BH34 Standpipe | (103710~ Granular 1.58 x 10 -5
; : 12.08 alluvium (gravel)
installation
FHT - Granular
BH46 Standpipe -7.97 to -10.67 . 1.01x10°° Derived from 1 test only
; ; alluvium
installation
K result appears very
high compared with
CHT - I published values for a
SBP01 Standpipe '1132;66 to- (G'lgcr:i:;rl; . glacial till but are
installation . 9 4.52x 10 thought to be
representative for a
granular layer
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Table 11.4.10: Hydraulic conductivity (K) values derived from permeability
tests — Chalk (Geotechnics Ltd., 2013)

BHO8

FHT - Open
borehole

-24.84 to -
20.84

Geological
unit under

9.98x 10 ¢

Derived from three
tests

FHT - Open
borehole

-24.84 to -
34.34

227x10°°

Derived from three
tests

Packer test

-33.34 to -
34.34

Chalk

9.45x108

Packer test interval
restricted to a thin 1m
horizon so the result
may be
unrepresentative of
bulk Chalk properties.
The K result is much
lower when compared
to published values

BH11

FHT - Open
borehole

-21.97 to -
23.47

Chalk

4.17x10"

Derived from two tests.
Test restricted to a <2m
horizon in the Chalk so
the result may be
unrepresentative. The
K result is much lower
when compared to
published values

FHT - Open
borehole

-21.97 to -
27.97

Chalk

420x10°°

Derived from three
tests

Packer test

-25.97 to -
27.97

Chalk

1.06 x 10 ¢

Packer test interval was
2m. Result appears to
be similar to other test
values

BH22

Packer test

-24.55 to
25.55

Chalk

9.12x10°7

Packer test restricted to
a thin 1m horizon in the
Chalk so results may
be unrepresentative of
bulk Chalk properties.
The K result is much
lower when compared
to published values

BH24

FHT - Open
borehole

-26.8 t0 -29.8

Chalk

243x10°°

Derived from three
tests. Only a 3m
horizon in the Chalk
was tested and
therefore the result may
be unrepresentative but
result appears to be
similar to other test
values

FHT - Open
borehole

-26.8 t0 -33.8

Chalk

5.95x10°

Derived from three
tests

Packer test

-34.3 to -36.3

Chalk

4.29x10°

Packer test interval was
2m. Result appears to
be similar to other test
values.

BH29

FHT - Open
borehole

-29.7 t0 -31.1

Chalk

1.49x10

Derived from three
tests. Test interval was
<2 m and therefore the
result may be
unrepresentative.
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However, the result
appears to be similar to
other test values

FHT - Open
borehole

-29.7 t0 -35.3

Chalk

1.06 x 10

Derived from three
tests

BH33

FHT - Open
borehole

-22.02 to -
23.82

Chalk

6.56 x 10 8

Derived from two tests.
Test interval was <2m
and therefore the result
may be
unrepresentative. The
K result is much lower
when compared to
published values

FHT - Open
borehole

-22.02 to -
28.32

Chalk

1.99x10°°

Derived from three
tests

Packer test

-27.82 to -
29.82

Chalk

2.00x10 ¢

Packer test interval was
2m. Result appears to
be similar to other test
values.

BH36

Packer test

-29.19 to
30.19

Chalk

7.35x106

-35.69 to -
36.69

Chalk

3.23x10°®

Packer test interval was
restricted to 1m so
results may be
unrepresentative of
bulk Chalk properties.
Result appears to be
similar to other test
values.

BH39

Packer Test

-34.01 to -
35.01

Chalk

522x10-®

Packer test interval was
2m. Result appears to
be similar to other test
values.

Other than the results highlighted in red and in italics in Table 11.4.9 and
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2.6.32

2.6.33

2.6.34

2.6.35

Table 11.4.10, the hydraulic conductivity values generally lie within the range of
published values for each lithology.

Removing the results which appear to be unrepresentative (highlighted in red and
in italics), the maximum, minimum and mean K results for each geological unit
tested are summarised in the Table 11.4.11 below.

Table 11.4.11: Summary of hydraulic conductivity (K) values by geological
unit

Geological Number of K Value (m/s):

: Tests Used : .
Unit Tests Maximum, minimum and mean results
Cohesive 7.43x10 7 t02.68 x 106
alluvium FHT 3 (3 BHs) (Average 1.39 x 10 5)

FHT 1 (1 BH) 1.01 x 10 5 (FHT)
Granular 5 5
. CHT 15 (2 BHs) | 1.05x 10 5 to 4.57 x 10 -5 (CHT)

alluvium

(Total Average 2.40 x 10 -5)

FHT 4 (4 BHs) 1.77 x 10 7 t0 3.14 x 10 7 (FHT)
Glacial till CHT (in sandy 5 (1 BH) 3.03x10-%t0 7.00 x 10 6 (CHT)
layer)

(Total Average 2.53 x 10 -7)*

Glaciolacustrine

deposits FHT 1 (1 BH) 2.09 X107
Chalk FHT 36 (5BHs) | 9.98 x 10 ®to 1.49 x 10 * (FHT)
Packer Tests 8 (7 BHs) 7.35x 10 -6 to 1.06 x 10 - (Packer Tests)

(Total Average 3.26 x10 -5)

*Although test results appear to give relatively high results compared with published values for glacial till, the majority are
consistently of the same order of magnitude for this geological unit (except for the test on BH15, and SBP01, which targeted
a granular horizon). All results for the glacial till given in Table 2.6 have been used to provide the maximum, minimum and
mean values given in Table 2.8. except BH15.

Chalk aquifer properties derived from the pumping test results are summarised in
Table 11.4.12 below. These transmissivity and storativity values, as obtained from
the pumping test analysis detailed in Volume 3, Appendix 11.5 Pumping test
report, were corroborated by numerical modelling and alternative analytical
methods conducted by Riley*°.

Table 11.4.12: Aquifer properties derived from LDBHO1 pumping test

Transmissivity (T)
(m?/d):

Hydraulic Conductivity
(m/s)*

Storativity (S)

Constant rate

_ 4 4 -4 -4
test of LDBHO1 1379 - 1631 3.20x10 “t04.40 x 10 7.98 x 107410 9.44 x 10

*assuming an effective aquifer thickness of 20m

There are no records of other permeability tests being conducted within the
Scheme and none appear to have been carried out as part of the 1994 Gl. Data
for the wider area is also sparse. A rising head test undertaken in a shallow
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2.6.36

2.6.37

2.6.38

2.6.39

2.6.40

2.6.41

borehole approximately 250m east of the Scheme gave a hydraulic conductivity of
5.35 x 108m/s for a silty clay. As the lithology of the superficial deposits within the
Scheme is likely to be similar at this borehole, it should have intersected the
cohesive alluvium. The hydraulic conductivity is lower than any of the values
derived from the 2013 Gl permeability tests, possibly because of a higher clay
content in the alluvium and/or because the response zone became silted up during
the test.

Information provided by the Environment Agency indicates that a Chalk pumping
test carried out in 2005 at Hull Truck Theatre, approximately 850m north of the
Scheme, gave a transmissivity of 45.7m?/d.

Similar information from a pumping test carried out on the D J Broady borehole,
approximately 2km to the north east of the Scheme, gave a transmissivity range of
between 230 and 280m?/d.

These values are at least an order of magnitude lower than the value calculated
from the Chalk pumping test carried out at LDBHO1 in December 2013 and
provides further evidence that the Chalk is more extensively fractured in the
vicinity of LDBHO1 than it is further to the north and northeast.

No storage values appear to have been derived from the Hull Truck and D J

Broady pumping tests. However, the values derived from the LDBHO1 pumping
test is indicative of a confined aquifer and compares well with the value of 1.00 x
10 used in the Environment Agency’s regional groundwater model (ESI, 2013).

From the above discussion, it can be concluded that the geological sequence
within the Scheme can be broadly categorised as follows in terms of aquifer
properties:

e Made ground — Aquifer or aquitard depending on material composition.
Commonly dry but with some perched groundwater

e Cohesive alluvium — Aquitard
e Granular alluvium — Aquifer
e Glacial till — Aquitard
e Glaciolacustrine deposits — Aquitard
e Fluvio-glacial deposits — Aquifer
e Chalk — Aquifer
Groundwater quality

The 2013 Gl water quality sampling programme comprised two full groundwater
sampling rounds (of all accessible monitoring boreholes) in October 2013 and one
partial round prior to this in August and September. Additional groundwater and
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2.6.42

2.6.43

2.6.44

surface water samples were undertaken in the Chalk as part of the pumping test
programme in December 2013.

Wellhead (in situ) measurements, including pH, temperature, specific conductivity,
dissolved oxygen (DO) and oxidation reduction potential (ORP) were taken using
multi-meter in conjunction with the sampling. Surface water samples and in situ
readings were also taken and are summarised in Volume 3, Appendix 12.1
Ground contamination assessment and Volume 3, Appendix 11.5 Pumping test
report along with full details of the groundwater sampling schedules and results.
Surface water sampling locations are shown in Drawing 1168-10-211-DR-011 of
Volume 3, Appendix 12.1 Ground Contamination Assessment.

Sample results were screened against the relevant groundwater and surface water
Environmental Quality Standards (EQS) to provide an assessment of the potential
risks to groundwater and surface water receptors. For the groundwater samples,
sample results were also screened against the UK DWS. The Tier 1 screening
tables for the groundwater sampling results and DWS and EQS exceedances in
the Chalk and superficial deposits monitoring boreholes (drawings 1168-10-211-
DR-007, 1168-10-211-DR-008, 1168-10-211-DR-009 and 1168-10-211-DR-010)
are presented in Volume 3, Appendix 12.1 Ground Contamination Assessment.

The Ground Contamination Assessment concluded the following in relation to
groundwater quality within the Scheme:

e Elevated concentrations of PAHs and TPH were recorded in shallow,
perched groundwater from BH41A and SBP02. These two monitoring
boreholes are both installed within made ground and are in areas where
elevated hydrocarbons have also been identified in soils/leachability analysis
(BH41A, WS12A, SCPT20).

e Copper was recorded as being elevated above the DWS in groundwater
within the Chalk and superficial deposits. Comparable, elevated
concentrations above the EQS have also been reported in local surface
water receptors including the docks.

e Smedley et al.*? reported elevated concentrations of arsenic, boron, iron,
manganese, sulphate and ammonium within the confined Yorkshire Chalk
aquifer. These correlated with measured concentrations recorded during the
2013 investigation.

e Concentrations of calcium, chromium, nickel and selenium recorded in
groundwater and in surface water during the 2013 investigation were also
reflective of quoted regional concentrations.

e Ammoniacal nitrogen (as N and NH4) concentrations were measured to be
consistently higher within the superficial deposits than the Chalk. This is
likely due to the anaerobic degradation of organic material present within the
superficial deposits (peat and organic-rich clay).
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e These elevated concentrations, coupled with relatively low concentrations of
nitrate, are indicative of a reducing environment in the confined Chalk and
superficial deposits.

e This is reflected by the low, negative ORP wellhead readings for all water
samples taken from Chalk boreholes and most water samples taken from
boreholes in the superficial deposits during the 2013 investigation (Annex H).
The only consistently positive ORP readings were from groundwater in the
made ground (BH41A), which is unconfined at this location, although ORP
readings from samples taken from BH30 (cohesive alluvium), BHO4 and
BH15 (glacial till) and BH14 (peat) were sometimes positive and sometimes
negative (and not close to zero, hence not reflecting neutral conditions).

e Elevated concentrations of chloride, sodium, potassium and sulphate are
likely to be due to saline intrusion from the Humber Estuary, although it is
thought that some upconing of connate groundwater has also occurred in
this area®3.

e The electrical conductivity of shallow groundwater within the superficial
deposits exceeds 400 uS/cm.

2.6.45 Box and whisker plots of major ions for samples taken from the superficial
deposits and the Chalk in 2013 are presented in Figure 11.4.28. The results from
surface water sampling point SW1 in the Humber Estuary and Environment
Agency regional Chalk groundwater sampling boreholes (for locations see Figure
11.4.5) are also shown for comparison.

2.6.46 With the exception of ammonium (NH4), major ion concentrations in both the Chalk
and the lower superficial deposits approach those in the Humber Estuary, as
would be expected if saline intrusion was occurring. Although nitrate
concentrations are reasonably similar, ammonium concentrations are higher in the
Chalk and lower superficial deposits than in the estuary, probably due to the
confined conditions and input from organic material within the superficial deposits
(the average hydraulic gradient between the superficial deposits and Chalk is
slightly downwards, although the gradient reverses depending on the state of the
tide).

2.6.47 Also of note is the wider range of concentrations in the groundwater compared to
the estuary. For example, chloride concentrations (which act as an inert tracer)
appeared to range from 3,000 mg/l to 10,000 mg/l in the samples taken from
LDBHO1, while those in the Humber Estuary range from 7000 mg/I to 11,000 mg/I
in the limited number of samples taken over the same monitoring period. This
suggests that the degree of mixing between saline and fresh groundwater may

8 Foster, S. S. D. and Milton, V. A. (1976) Hydrogeological basis for large-scale development of groundwater storage capacity in the
East Yorkshire Chalk. Report of the Institute of Geological Sciences, 76/7
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depend to some extent on the state of the tide and the therefore the local hydraulic
gradient within the Chalk. This could have been investigated by comparing
chloride concentrations with groundwater and tide levels. However, precise
sampling times were not always recorded except during the pumping test sampling
programme because the tidal impact on groundwater had not been fully
understood when the earlier samples were taken.
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Figure 11.4.28: Box and whisker plots showing major ions
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Figure 11.4.29: Chloride levels in the chalk plotted against tide times
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Figure 11.4.29 shows the few chloride results from time-stamped LDBHO1
samples plotted against the tidal data, together with chloride results from samples
collected from the Humber Estuary and Railway Dock over the same period. This
does not show any particular correlation between the phase of the tide and Chalk
chloride concentration, although this might be because the chloride data is very
sparse. Conductivity logging and data from other boreholes in the area would help
to resolve this.

Figure 11.4.29 also suggests that chloride levels in Railway Dock are generally
lower than those in the Humber Estuary. This may be because of surface water
drainage to the dock and/or upwards leakage into the dock from the underlying
superficial deposits (whilst the dock sides are lined, the base is not).

The box and whisker plots also allow comparison of water quality between the
different geological layers within the superficial deposits. Ammonium
concentrations are relatively high throughout but appear to be highest in the peat
and glacial till. As discussed previously, it is considered that the elevated
ammonium is due to the bacterial degradation of organic material present,
particularly in the peat and organic-rich clay in particular (the peat lies directly
above the glacial till in most places where it is present).

The box and whisker plots show a similar range of major ion concentrations in
both the cohesive and granular alluvium, but generally a wider range in
concentrations for most parameters in the upper superficial deposits compared to
the lower superficial deposits. The wide range in parameter concentrations
(including wellhead parameters such as ORP) perhaps reflects the numerous
factors affecting water quality in the superficial deposits, including complex
lithology and associated hydraulic relationships, and the impact of regional water
quality and local chemical and biological processes.
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2.6.52

2.7

2.7.1

Site compounds and public spaces

A summary of hydrogeological information available from BGS borehole logs at
each of the site compounds is provided in Annex E. All site compounds are
generally underlain by a substantial thickness of poorly permeable cohesive
superficial deposits. Of particular importance is the absence of confining glacial till
and glaciolacustrine deposits at the Livingstone Road compound and A63
eastbound recovery base, however, where the Chalk is potentially in hydraulic
connection with any groundwater contained within the cohesive alluvium. At this
location the groundwater vulnerability classification is Medium-High, suggesting
there may be some leakage through the cohesive alluvium.

Summary of hydrogeological conceptual understanding

From the baseline geological and hydrogeological review, the following can be
concluded:

e The geological sequence roughly comprises a series of aquifer and aquitards
within the superficial deposits (20 - 30m thick), including made ground,
cohesive alluvium, granular alluvium, glacial till, glaciolacustrine deposits and
fluvio-glacial deposits. The fluvio-glacial deposits directly overlie Chalk
bedrock.

e In reality, the geological sequence is more complex than this. For example,
the granular alluvium is only present across the eastern half of the Scheme,
representing an alluvial channel feature cutting through glacial deposits (the
glacial till, glaciolacustrine and fluvio-glacial deposits).

e The Chalk aquifer is confined and has a strong tidal influence reflected in
groundwater levels which have varied by up to 4m over the monitoring
period. There is evidence of heterogeneity within the Chalk in this area.

e Other than the made ground, the permeable superficial deposits are
generally confined, though there may be some localised unconfined units.

e Neither the Chalk nor the majority of the superficial deposits have exhibited
an obvious response to short term recharge events or seasonal recharge
during the monitoring period, and are thought to be recharged indirectly.

e In general, the local hydraulic gradient in the Chalk across the Scheme is
slightly to the north during high tide, and southwards during low tide.

¢ Monitoring across the Hull area and the groundwater model suggest that
groundwater flow is generally to the south, towards the Humber Estuary, as
verified by monitoring across Hull on 28 February 2017.

e Similarly, monitoring to date does not indicate a measurable hydraulic
gradient in any of the superficial deposits, except in the granular alluvium
across the eastern part of the Scheme. Here, the hydraulic gradient appears
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2.7.2

to have an east to west component, although it is assumed that there may
also be a north-south component due to the orientation of the alluvial
channel.

Vertical hydraulic gradients depend on the state of the tide, with a
downwards hydraulic gradient between the superficial deposits above the
glaciolacustrine deposits and the fluvio-glacial deposits and Chalk at low tide
and a reversal of this relationship at high tide. The data suggests that
leakage between aquifer units is minimal except where the more
impermeable superficial deposits thin towards the eastern end of the
Scheme.

Although the hydraulic connection between the Humber Estuary and the
underlying Chalk is not well understood, and it is considered unlikely that
watercourses receive any significant baseflow from the Chalk, it is possible
that the Humber Estuary gains water from the Chalk aquifer under high
groundwater level conditions. This relationship may be reversed under
drought conditions, however.

The walls of all three docks are lined and so are likely to be largely isolated
from groundwater within the superficial deposits, except through their bases.

The Chalk groundwater quality is representative of a confined aquifer with
reducing conditions that has been subject to modern saline intrusion (due to
historical over-abstraction) as well as a component of paleo saline
groundwater.

Water quality is the superficial deposits is also representative of generally
(though not always) reducing conditions. There is evidence of mixing with
saline water.

The findings above support evidence from past studies e.g. the Yorkshire Water
Humbercare Sewerage Tunnel failure, where it is thought that running sands
caused tunnel collapse due to high upward hydraulic gradients from the Chalk.
The results from the Gl and subsequent monitoring support the theory that there is
some hydraulic connection between the Chalk aquifer, the glacial deposits and in
some areas (particularly to the east) the alluvium.
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3.

3.1.1

3.1.2

3.2

3.2.1

3.2.2

3.2.3

3.3

3.3.1

Receptors

This section summarises the groundwater receptors potentially impacted by the
Scheme. An assessment of impacts on these receptors due to the construction
and Operational Phases of the Scheme is provided in Volume 1, Chapter 11 and
summarised in Section 5 of this report.

For the purpose of this impact assessment, the receptors are split into two
categories: - direct and indirect receptors. Direct groundwater receptors are
considered to be the aquifer units themselves, whilst indirect receptors are classed
as those potentially affected when groundwater is considered to be the pathway,
including surface water features, abstractions, and structures and cultural heritage.

Groundwater receptors

Groundwater receptors include the permeable superficial deposits as well as the
Chalk aquifer. The regional and local characteristics of these aquifer units are
described in Sections 2.5 and 2.6 respectively. The Hull and East Riding Chalk is
classed as a principal aquifer by the Environment Agency and is designated as a
DrWPA. Its WFD current (2016) and predicted quantitative and chemical status is
poor due to saline intrusion and nitrates.

The superficial deposits directly underlying the Scheme are not designated as an
aquifer and are classed by the Environment Agency as unproductive strata.
However, permeable horizons within the superficial deposits such as the granular
alluvium and fluvio-glacial deposits are reasonably extensive and locally
productive (as evidenced by substantial and uncontrolled inflow accompanied by
running sand from the alluvium during previous construction projects, and
anecdotal reports of a substantial freshwater spring during construction of the
Humber Dock3.

Both the Chalk and permeable superficial deposits will also act as pathways in
terms of groundwater head and water quality.

Surface water receptors

Surface water bodies potentially in hydraulic continuity with groundwater are
considered as indirect receptors in this assessment in that water level, flows and
water quality could be adversely impacted by changes to the groundwater regime
arising from the Scheme. These include the Humber Estuary, the River Hull, the
nearby docks (Railway Dock, Albert Dock and Humber Dock) and Fleet Drain.
Aside from the underpass and associated structures, the following site compounds
are located adjacent to surface water receptors:

e Livingstone Road — Fleet Drain and Humber Estuary

e Wellington Street Island Wharf — Humber Estuary and Albert Dock
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e Neptune Street set down compound — Albert Dock
e Land south east of Mytongate Junction — Railway Dock

3.3.2 Afull assessment of the surface water receptors is provided in Volume 1 Chapter
11 Road drainage and water environment, but a summary of these surface water
bodies and their designations is provided in Section 2.5 of this report.

3.4 Abstractions

3.4.1 Details of groundwater abstractions within the study area are provided in Section
2.5 and are summarised below. The locations of abstractions are also shown in
Figure 11.4.5.

e Two licensed abstractions from the Chalk aquifer for industrial use (both less
than 1000m?3/d)

e 18 licensed abstractions from the Chalk aquifer for agricultural use (spray
irrigation and vegetable washing; all less than 1000m?3/d)

e Two licensed abstractions from the superficial deposits for agricultural use
(spray irrigation; both less than 1000m3/d)

e One licensed abstraction from the Chalk aquifer for amenity use (less than
1000m?3/d)

e One abstraction licence for a ground source heat pump within the Chalk (two
boreholes, combined licensed rate 1,096m3/d)

e One abstraction licence (relating to four pumping shafts within the Chalk) for
potable water supply (combined licensed rate 90,000m3/d)

3.4.2 The Environment Agency’s default SPZ 3 (catchment area) of 1km is considered
appropriate for industrial use and spray irrigation abstractions of less than 1,000
m?3/d. Only the Hull Hull Truck Theatre Co Ltd’s abstraction is less than 1km from
the Scheme and could therefore be potentially affected in terms of the
groundwater quality and the loss of resource.

3.4.3 There are four public water supply abstractions from the Chalk aquifer located
approximately 8km to the northwest of the Scheme. The Scheme falls within the
catchment area (i.e. SPZ3) for these abstractions and could therefore potentially
impact the abstractions in terms of groundwater quality and the loss of resource.

3.5 Environmentally sensitive sites

3.5.1 The Humber Estuary is designated as a Site of Special Scientific Interest (SSSI)
and Special Area of Conservation (SAC) for its nationally important habitats, which
include coastal saltmarsh, intertidal mudflats and sandflats, saline lagoons and
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3.5.2
3.6

3.6.1

3.6.2

3.6.3

3.7

3.7.1

sand dunes. The estuary is also a wetland of international importance and is
therefore designated as a RAMSAR site.

There are no other environmentally sensitive sites within 3km of the Scheme.
Structures

Subsidence due to significant changes in groundwater level over and above
natural variations is a particular risk to structures, including property and
infrastructure, given the geotechnical properties of the ground and the cohesive
alluvium in particular. In addition to drawdown arising from dewatering operations,
groundwater flooding could occur if below ground structures associated with the
Scheme, and the underpass in particular, act as groundwater dams. This is of
particular concern due to the proximity of structures to the Scheme.

Groundwater quality changes arising from changes to the groundwater regime
could also potentially impact on buildings and infrastructure if, for example, the
groundwater becomes more aggressive or contaminant migration occurs.

The nearest buildings to the Scheme are William Booth House, approximately 60m
north of Mytongate Junction and the Whittington and Cat Public House,
approximately 110m to the south of Mytongate Junction.

Cultural heritage

Archaeological sites of importance could also be adversely impacted by changes
in the groundwater regime. The archaeology in the area of the Scheme can be
separated into three categories: - archaeological remains, historic buildings and
historic landscapes. The potential impacts on archaeology due to changes in the
groundwater regime is discussed separately to this report in the Environmental
Statement.
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4.
4.1

411

41.2

41.3

41.4

41.5

Proposed works

Overview

The preferred option for the Scheme comprises a grade separated junction with

the alignment of the A63 lowered approximately 7mbgl. A plan of the Scheme is
presented in Volume 2, Figure 2.3 Scheme Site Boundary, whilst a cross section
through the underpass along the main line is shown in Figure 11.4.1.

The full description of the preliminary design is provided in Volume 1 Chapter 2
The Scheme. This takes into account the difficult ground conditions at the site. The
underpass is to be formed in open cut, up to approximately 7m deep (at maximum
dredge level) and approximately 20m wide. The underpass will be located

between chainage 1250m and 1750m. The centreline of the proposed A63
carriageway deviates from the existing centreline between chainage 1450m and
1750m by up to 20m and encroaches into Trinity Burial Ground land.

In addition to the road underpass and grade separated junction with Mytongate
Bridge crossing from Commercial Road to Ferensway, two pedestrian, cycle and
disables user bridges crossing the road at Porter Street (chainage 1050m) and the
Princes Quay Shopping Centre (chainage 1825m) and slip roads are also included
in the design. An off line pumping station is also to be constructed as part of the
drainage arrangements.

In accordance with BS EN 1997-1:2004, the geotechnical category for the
underpass structure is Category 3 - ‘structures involving abnormal risks, or
unusual or exceptionally difficult ground or loading conditions’. The sub-artesian
groundwater presents a major difficulty for the design of the structures described
above.

Key groundwater risks that have influenced the design include the following:

e Groundwater heads have been recorded close to ground level (as high as
0.86mbgl) within the Scheme Site Boundary. As the maximum dredge depth
of the underpass at the Mytongate Junction will be up to approximately 7m
below existing ground level (within the alluvium), a substantial dewatering
operation could be required. Due to the constraints imposed by the
surrounding structures, services and archaeology, general groundwater
lowering of the area is not considered a feasible option, and dewatering from
within a confined box will be necessary.

e The discharge arising from dewatering may require either disposal or
treatment for contamination. Depending on discharge volumes and water
quality, the Environment Agency and Natural England may not permit
discharge to the Humber Estuary, and Yorkshire Water may not permit
discharge to sewer.
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4.1.6

41.7

4.2

421

422

e As groundwater heads within the Chalk aquifer are sub-artesian, upwards
leakage through the cohesive glacial deposits could cause the excavation
base to become unstable. However, this risk is reduced because the design
includes for jet grouting and/or other ground stabilisation techniques within
the alluvium and the top of the glacial till to improve ground stability.

e Part of the Trinity Burial Ground is included within the Scheme Site
Boundary. As part of the enabling works, excavation of trenches of around
2mbgl will be required to allow removal of human remains. This will require
special consideration in terms of potential dewatering requirements and
associated groundwater level and quality issues.

Special consideration has been given to the groundwater risks associated with the
Scheme and the preliminary design takes these into account within the context of
the findings of the 2013 and 2015/16 GlI.

The following discussion focusses on the below ground aspects of the preliminary
design (Arup, 2016¢ — g, Arup, 2017 and Balfour Beatty, 2016) that have the
potential to impact on groundwater receptors.

Underpass
Retaining walls and base slab

The cutting will be formed within low strength alluvial deposits that are assumed to
be saturated. Diaphragm retaining walls have therefore been recommended.
These walls will be designed to prevent excessive settlement behind them and
excessive groundwater entry into the excavation under both the construction and
operational scenarios.

The diaphragm walls will comprise a series of ~2.8m wide, 1m thick, and 1m long
panels, connected together using water bars to ensure ‘water tightness’. Table
11.4.13 summarises the depth of the diaphragm wall along the length of the
cutting, together with the aquifer units intersected.

Table 11.4.13: Diaphragm wall depths

Location Approximate chainage Depth to base of Aquifer units
(m) (length of section in  diaphragm wall (m intersected
brackets) AOD)
West of 1310 — 1470 (160) -20 Fluvio-glacial deposits
Mytongate Chalk (0 — 2m)
Junction
Mytongate 1470 — 1540 (70) -27.5 Granular Alluvium, where
Junction present
Fluvio-glacial deposits
Chalk (~5. 5m)
East of 1540 — 1690 (150) -22 Granular Alluvium
Mytongate Fluvio-glacial deposits
Chalk (0 —1m)
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423

424

4.2.5

4.2.6

4.2.7

428

4.2.9

The diaphragm walls will be constructed by cutting a narrow trench that is
temporarily supported by a bentonite mud until the full panel dimensions can be
excavated, after which the bentonite mud will be replaced by reinforced concrete.
Bentonite mud is likely to be supplied via tremie pipes from a fixed position
bentonite plant for the duration of the Scheme. The preferred location for the
bentonite plant is the Arco site compound, which is approximately 400m from the
Mytongate Junction. Intermediate booster pumps would therefore also be required.
If this site compound cannot be used, the bentonite plant will be located at the
Staples site.

The road junction will be formed using a top down method. Once the diaphragm
walls are in place, the jet grout layer will be injected from current ground level to
the required depth and thickness, reinforced concrete bored tension piles bored
through the pre-installed jet grout layer and further guide walls and additional piles
for the Mytongate Bridge piers constructed. The ground will then be excavated to
expose the underpass ground slab formation level (i.e. the top of the jet grout
layer), allowing for installation of temporary props where required. This top down
method potentially significantly reduces the need for dewatering.

Following excavation, the ground slab will be formed and completed with a
waterproof coating and finishes such as the cladding system, and a longitudinal,
combined kerb and drainage system installed.

Water bars will be provided at all joints between diaphragm wall panels and all
construction joint locations for the ground slab.

In accordance with BS EN1992-3:2006 Table 7.105, the classification of tightness
for the underpass structure is Class 1, i.e. leakage to be limited to a small amount,
with some surface staining or damp patches acceptable. Whilst not included in the
outline design, drainage channels or relief wells may be included in the design
should groundwater mounding on either side of the cutting be a problem. These
would discharge to the underpass drainage system, and could require an
abstraction (transfer) licence.

Suitable geotechnical monitoring systems will be required to monitor wall
movement, settlement and pore water pressures.

Tension piles

Tension piles may be required to enable the permanent slab to resist buoyancy
and are preferred over ground anchors to avoid maintenance issues. The tension
piles are likely to be 750mm diameter, installed from surface and broken down to
connect into the permanent propping slab. They are likely to extend into the top of
the Chalk, to a maximum depth of -27m AOD, to provide reasonable resistances,
and are to be placed at a 4m spacing, decreasing to 2m under the footprint of the
leaf pier.
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4.2.10

4.2.11

4212

4213

4214

4.3

4.3.1

43.2

4.3.3

434

Ground stabilisation

To mitigate the ground risk prior to bulk excavation of the underpass, ground
stabilisation works are proposed in the form of jet grouting and potentially soil
mixing of the alluvial superficial deposits between approximately 8 and 11m depth
(at the lowest point in the excavation). The thickness of this improved zone would
be subject to design, but could be between 2 and 5m thick, depending on the
depth of excavation at a given location.

Jet grouting would involve a cement/lime slurry to be injected into the ground via
an augur and high pressure pumps. The grout mix is likely to be supplied from a
fixed position via supply pipes. These are likely to be buried in high risk areas,
such as at road crossings.

Very large volumes of waste material are likely to be produced, which will require
treatment via settlement, rotary drying and/or lime treatment, and also storage
prior to removal from site. To minimise the movement of tankers on site, backflow
waste may be pumped back to the jet grouting plant via pipes.

The preferred location for the jet grout plant is the Arco site compound. If this site
compound cannot be used, the jet grout plant would be located at the Staples site.

The alluvium which is to be excavated from the underpass may also be rotivated
with lime or lime and cement to bind it prior to removal. This would effectively
reduce the amount of groundwater within the box that will require dewatering prior
to excavation.

Trinity Burial Ground

Approximately a third of the burial ground lies within the Scheme Site Boundary.
As part of the enabling works, excavation to a depth of around 2mbg! will be
required in this area to allow the removal of human remains.

It is proposed that temporary sheet piles are installed to a depth of 8mbgl along
the perimeter of the entire area to form a groundwater cut-off wall. The excavation
will take place from four individual areas in phases, with arisings being sorted in
the north-eastern corner. Any arisings that do not contain remains will be
reinstated.

Although groundwater inflow will be minimised through the temporary installation
of sheet pile wall, there is still a risk of some seepage and therefore potential
impacts on groundwater levels and quality, as well as issues associated with the
discharge of potentially contaminated water.

Once the excavation is complete, the sheet piles will be removed to ensure that
they do not interfere with the piling for the main cutting.
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4.4

4.41

442

4.5

451

452

453

4.6

4.6.1

46.2

Holiday Inn retaining wall

A permanent sheet pile wall will be formed between the westbound diverge slip
road, and the grounds of the Holiday Inn and the Trinity Burial Ground, to act as a
permanent retaining wall for areas where the slip road is below grade. The
retaining wall will be approximately 110m long, extending from chainage 1610m in
the centre of the Trinity Burial Ground to chainage 1750m at the existing Holiday
Inn entrance. The sheet pile wall solution has been proposed in order to minimise
the impact on the Holiday Inn with a reduced construction depth. The wall will
support the hotel service road and the re-positioned electricity sub-station above
the new western diverge slip road.

There may be a small amount of dewatering of perched groundwater during
construction, should this be encountered.

Bridges

Two bridges will be constructed to cross the A63 as part of the Scheme; the
Princes Quay Bridge and the Porter Street Bridge. The locations of the bridges are
shown in Volume 2, Figure 2.3 Scheme Site Boundary.

Princes Quay bridge

The bridge and ramps are to be founded on a total of sixteen bored piles of
diameters ranging between 900mm and 1500mm with spacings ranging between
2.7m and 13.98m. Pile lengths range between 32 and 38.5m. The bridge design
includes a platform over the Humber Marina. This is to be founded on 30m long
steel piles of diameters between 1016 and 1168mm, driven through the marina
water column.

Porter Street bridge

All the bridge and ramp/stair columns are to be founded on reinforced concrete
bored, cast-in-place piles. There are to be two 1000mm piles per column at a 3m
spacing across the bridge width and approximately every 13.78m along the bridge
ramps. Pile depths have not been confirmed.

Pumping station and rising main outfalls

Surface water drainage will be pumped from the underpass through a rising main
to a consented discharge point. The pumping station will be located offline to the
south of the mainline at a depth such that the tops of the storage tanks will be at
carriageway level at the deepest point of the underpass. The pumping station will
be constructed using secant pile walls. The secant pile wall will comprise 1200mm
diameter piles, overlapping by 251 mm, and to depth of -27.5m AOD, and with 750
mm diameter tension piles to a depth of -28.5m AOD.

The pumping station will be located in the parcel of land approximately 10m south
of Mytongate Junction, adjacent to borehole LDBHO02.
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4.6.3 Two potential rising main outfall options are being considered:

e a rising main following Commercial Road, Manor House Street and
Wellington Street West to a discharge point into the Humber Estuary at Hull
Marina Island Wharf

e arising main connecting to a Yorkshire Water combined sewer close to the
pumping station

4.6.4 Itis assumed that the rising main would be installed surrounded by a granular fill
bed and with stanks to avoid the bedding becoming a conduit for groundwater flow
and mobilisation of existing contamination.

4.7 Yorkshire Water sewer diversion

4.7.1 The A63 Castle Street at Mytongate Junction currently passes above a gravity-fed
Yorkshire Water sewer, running from the north of the city to the south, down Myton
Street. At the intersection of Myton Street and Waterhouse Lane, the sewer then
divides. The main sewer runs to the west, around the north side of the existing
junction to connect into a system at Porter Street. The second branch of the sewer
crosses the A63 and runs beneath Commercial Road, connecting to a sewer
tunnel running along Kingston Street (Arup, 2018). This branch of the sewer will
need to be diverted due to the proposed underpass at the Mytongate grade-
seperated junction.

4.7.2 Yorkshire Water developed a preliminary design for a gravity diversion on the
route, which would run along the Holiday Inn access road, passing between the
Trinity Burial Ground and the Holiday Inn car park before connecting into the
existing network on Commercial Road. Alternative options have also been
developed with the aim of mitigating additional impacts to the Holiday Inn, but a
final diversion route has not yet been agreed. The alternative options include
routes that run below the proposed westbound diverge slip road, directly below
Trinity Burial Ground, below the Railway Dock lock (between Railway Dock and
Humber Marina) to connect into the Kingston Street tunnel directly, or along the
northern boundary of the Railway Dock.

4.7.3 Depending on the agreed route, the sewer diversion is likely to require sewer
pipes of between 900 and 2100mm diameter, and with invert levels (base of
sewer) at between 0.5 and -0.1m AOD. Some options include to double pipes or
box culverts (maximum dimensions 3000mm wide by 1800mm high). Manholes
are generally 5000mm diameter, but may be as large as 8000mm.

4.8 Site compounds and public open space

4.8.1 Itis assumed that an impermeable surface will be created at all site compounds (if
not already present), with no infiltration of rainfall runoff to the ground. Although
drainage details are not yet available, it is assumed that compounds used for car
parking and storage of heavy machinery will have a positive drainage system
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48.2

4.8.3

48.4

4.8.5

4.8.6

4.8.7

4.9

4.9.1

installed and bunding for chemicals and fuels. Surface water runoff from cabins
will enter either surface water sewers or highways drainage, and waste water from
wash facilities will be to foul sewer.

It is assumed that no changes will be made to the current road drainage at the
eastbound and westbound recovery bases.

The Arco site is the preferred location (Option A) for the bentonite, jet grouting and
concrete batching plants, which all require large amounts of construction and
waste materials to be stored and treated, and washout and drainage facilities,
including catchpits. The alternative location for siting these plants is the Staples
site (Option B), if the Arco site is not used. If the Arco compound is used, there
would be no compound at the Staples site.

It is assumed that the existing drainage on the Arco (or the Staples site, if used)
can be modified to incorporate plant requirements, although sewer diversions may
be required at both sites.

The Arco site (or the Staples site, if used) require the demolition of buildings prior
to development as a construction compound.

Other high risk site compounds, where materials will be stored, include the land
southeast of Mytongate Junction, Livingstone Road, and the Neptune Street set
down compound.

The public open space to be created in the current location of the Myton Centre is
likely to comprise a grassed area with a network of footpaths and trees, although
this area may first be used for car parking following demolition of the Myton
Centre. It is assumed that during use as a car park, the site will have a positive
drainage system installed.

Construction phasing

The proposed phases of construction relevant to the groundwater assessment are
set out in Table 11.4.14 below.

Table 11.4.14: Construction phases

Phase and Construction activities

duration

Phase 0 e Trinity Burial Ground (TBG) enabling works and archaeology, including
17 months sheet piling and exhumation programme.

Phase 1 o Completion of burial ground works and commence earthworks for

5 months underpass.

e Commence Princes Quay Bridge and Porter Street Bridge foundations.
e Ground improvement to Mytongate roundabout and westbound off slip.

Phase 2 e Completion of Porter Street Bridge.
3 Months e Western underpass ground improvement and wall commencement.

o Westbound off slip piling, jet grouting to east underpass.
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Phase and Construction activities
duration

¢ Princes Quay Bridge foundations.
Phase 3 e Continue west underpass wall construction.
6 months ¢ Piling to pumping station.

¢ Installation of rising main to outfall.
Phase 4 e Continuation of underpass works west of Mytongate.
3 months e Eastern underpass south wall construction.
Phase 5 e Continue underpass construction.
12 months ¢ Continue underpass wall to eastern end.
Phase 6 e Complete underpass construction.
5 months e Continue underpass wall to eastern end.

4.9.2 Table 11.4.14 indicates that the underpass will be completed in phases comprising
the Mytongate junction, east of the junction and west of the junction, with
construction of the central junction underpass spanning almost the entire Scheme
programme (up to 34 months). All other construction works will coincide with
construction of the underpass, with the exception of the burial ground where

exhumation works will precede all other works.
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5.1.3

51.4

5.2

5.2.1

5.2.2

Potential impacts to groundwater receptors

Overview

This section discusses the potential impacts to groundwater receptors during the
Construction Phase and Operational Phase of the Scheme following mitigation
measures included in the preliminary design.

The impact assessment considers the design discussed in Section 4 in the context
of the baseline hydrogeological conceptual model outlined in Sections 2 and 3 of
this report. These are also presented in Figure 11.4.30.

In addition, a numerical groundwater flow model has been constructed to
investigate potential impacts on groundwater receptors during the Construction
Phase and Operational Phase of the Scheme. This focusses on the underpass as
this structure is considered most likely to impact the groundwater regime, although
the findings are also considered applicable to the Holiday retaining wall, the Trinity
Burial Ground sheet piling and the pumping station. The model design, calibration
and findings are described in Volume 3, Appendix 11.6 Groundwater modelling
report and Volume 3, Appendix 11.7 Groundwater modelling update. A brief
summary is provided in the following section.

An impact assessment, taking appropriate mitigation measures into account, is
provided in Volume 1, Chapter 11 Road drainage and the water environment. The
assessment conforms to DMRB guidance unless agreed otherwise with Highways
England, relevant stakeholder or statutory environmental body.

Groundwater model

The groundwater model was developed using MODFLOW (GW Vistas). It is a
nine-layer, finite difference model that represents the Chalk and the overlying
superficial deposits, and is based on the hydrogeological conceptual model
described in earlier sections of this report. The model was calibrated using
groundwater level data from the 2013 Gl and subsequent monitoring. Despite this,
the model is considered as a simplified version of the complex hydrogeological
system that exists beneath Hull, and this should be borne in mind when reviewing
the results.

The model was updated in 2017 to take into account changes to construction
design, as proposed by Balfour Beatty as part of their preliminary design'0.11.12.64.65

54 Arup (2017) A63 Castle Street Improvements, Drainage Impact Assessment. Document Reference HE514508-ARP-HDG-S0-RP-CD-
000505. 15 November 2017

% Balfour Beatty (2016) A63 Castle Street Improvements, Princes Quay Bridge Piling Specification. Document Reference 514508-ARP-
V3-B3-SP-CG-00002. P01. 28 Jan 2016
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5.2.3 The model aimed to investigate the following scenarios:

e Construction Phase — the effect of the open-based underpass excavation on
groundwater levels and flows (including the effect of diaphragm walls and
tension piles on superficial deposits and Chalk groundwater levels and flows,
and the effect of seepage into the excavation on groundwater levels and
flows in the superficial deposits).

e Operational Phase — the effect of the completed structure (including
diaphragm walls and tension piles, basal slab and road deck) on
groundwater levels and flows in the Chalk and superficial deposits, including
the effect of groundwater seepage into the completed structure (above road
deck).

5.2.4 The model was run under steady state and transient conditions. The steady state
model uses average groundwater heads to model impacts without tidal influence,
while the transient model investigates potential impacts due to the groundwater
tidal response.

5.2.5 The conceptual model and numerical modelling approach were discussed and
agreed in principle with the Environment Agency on 13 December 2013 and 14
January 2014.

5.2.6 The numerical model focuses on the impact of the underpass. The size and
orientation of this structure mean that it is likely to have a far greater impact on
groundwater levels and flow than any other excavation or below-ground structure
currently included in the Scheme, for example the Holiday Inn retaining wall,
Trinity Burial Ground excavation and sheet pile retaining walls, bridge pier piles,
slip roads, pumping station and the rising main.

5.2.7 As the east-west extents of the Holiday Inn and burial ground retaining walls are
broadly similar to that of the modelled underpass, the model is also considered
applicable to these structures.

5.2.8 The depth and location of the pumping station is sufficiently similar to the
placement of the diaphragm walls of the underpass that the model is also
considered appropriate for this structure.

5.2.9 An additional two-dimensional model was created to investigate the impact of
underpass tension piles and bridge pier piles on groundwater levels and flow
within the Chalk.
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Figure 11.4.30: Hydrogeological conceptual model
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5.3

5.3.1

5.3.2

5.3.3

534

5.3.5

5.3.6

Potential impacts during construction
Groundwater — groundwater levels and flows

The assessment of potential impacts on groundwater levels using the numerical
groundwater models has focussed on the underpass, as described in Section 5.2,
although this is also considered appropriate for the Holiday Inn retaining wall, the
burial ground sheet piling and the pumping station. Results are presented for
Layer 2 (cohesive alluvium) and Layer 7 (uppermost Chalk) of the steady state
model.

Layer 2 of the model is considered appropriate for consideration of impacts on
adjacent building structures and archaeology which are most likely founded within
this or the overlying made ground (Layer 1). The extremely heterogeneous nature
of the made ground meant that it was not possible to adequately simulate
groundwater levels in this layer however. Furthermore, the greatest impacts were
observed in Layer 2 and therefore this provides the most conservative approach.

Layer 7 is considered appropriate for consideration of impacts on the Principal
aquifer.

All other potential impacts have been assessed qualitatively.
Underpass and other structures

The following observations are based on the results of the numerical groundwater
model.

The main quantitative predictions from the steady state model (which represents
average groundwater levels) are:

¢ No significant impact on cohesive deposits and Chalk groundwater levels
and flow due to the diaphragm walls and tension piles.

e Maximum drawdown of 7.0m in the central part of the excavation inside the
diaphragm walls (reflecting the drawdown required to fully dewater the
excavation).

e Changes in groundwater levels (resulting in drawdown or mounding,
depending on the tides) in the superficial deposits (cohesive alluvium)
immediately outside the diaphragm walls of up to 0.13m.

e Drawdown / mounding in the Chalk immediately outside of the diaphragm
walls of less than 0.05m.

e Groundwater inflow to the open excavation through the walls and base of
less than 10m?3/d.
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e Changes in groundwater level (additional to natural variation) in the cohesive
alluvium at the nearest structures of less than +/-0.05m (refer to Figure
11.4.31 below).

e The two-dimensional model of the tension piles showed very little impact on
groundwater levels and flow in both the superficial deposits and Chalk, with
groundwater readily flowing around the piles.

e The zone of influence, which is taken as the area where changes in
groundwater levels within the cohesive alluvium exceed 0.01m, is highlighted
in Figure 11.4.31. This zone of influence is also considered appropriate for
the Chalk. The modelled area where changes in Chalk groundwater levels
exceed 0.01m is actually smaller, as presented in Volume 3, Appendix 11.7
Groundwater modelling update.

Figure 11.4.31: Modelled steady state drawdown in the cohesive alluvium for
the construction scenario
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5.3.7 The transient model reveals a similar picture, with the underpass structure causing
small, local changes in groundwater level in Layer 2, representing the uppermost
superficial deposits (cohesive alluvium). The diaphragm walls and tension piles
are therefore not predicted to have a significant impact on groundwater heads or
flows in either the cohesive deposits or the Chalk.

5.3.8 In both the steady state and transient models, the zone of measurable drawdown
extends southwards, with “damming” of groundwater to the north due to the
underpass structure. Although the regional hydraulic gradient apparent in the
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5.3.9

5.3.10

5.3.11

5.3.12

5.3.13

model is an artefact of the boundary conditions rather than real groundwater
heads, the baseline model hydraulic gradient was verified using groundwater level
monitoring data from the saline intrusion observation boreholes and Gl boreholes
on 28 February 2017. The zone of measurable drawdown does not extend beyond
this verified area.

It is worth noting that as water levels decline in unsaturated aquifer units within the
superficial deposits, the saturated aquifer thickness will decrease and therefore
the transmissivity of these units will also reduce close to the excavation. The
model assumes that excavation to maximum dredge level occurs instantaneously.
In reality, the cutting will be excavated in three phases (see Table 11.4.14) and the
superficial deposits will be dewatered gradually as the excavation is deepened.
Inflow rates will reduce as the more permeable horizons become dewatered.
Furthermore, the model does not include the impact of any ground stabilisation
techniques such as jet grouting, which may locally reduce the permeability and
further reduce inflows into the cutting.

The diaphragm wall has been modelled as a continuous impermeable wall
extending to 5.5m below the top of the Chalk along the full length of the underpass
cutting. In reality, the wall becomes increasingly shallow towards both ends of the
underpass and therefore will not present as great a barrier to flow in the Chalk.

The hydraulic gradient in the granular alluvium present across the eastern part of
the underpass footprint appears to be slightly towards the west, although it is also
assumed that the hydraulic gradient also follows the northwest to southeast
orientation of the alluvium channel feature. Therefore, the diaphragm wall at the
eastern end of the underpass may act as a groundwater dam, causing heads to
rise in this confined aquifer layer. However, the diaphragm wall only extends
around 100m into the alluvial channel where the granular alluvium is found. It is
therefore likely that groundwater will find an alternative pathway. Unfortunately,
groundwater heads in the granular alluvium borehole closest to the River Hull
could not be accurately represented in the groundwater model due to the influence
of tidal effects, which varied within this horizon.

Bentonite grout would be used to stabilise excavations during the construction of
the diaphragm walls for the underpass. Any bentonite losses during circulation
have the potential to block fissures within Chalk, which could exacerbate flow
barrier effects and potential groundwater mounding, although monitoring and
mitigation of such losses would be closely managed on site.

Trinity Burial Ground excavation

Excavation of the burial ground may result in some local dewatering of the shallow
superficial deposits (permeable units within the made ground and cohesive
alluvium), but this will be minimised by the presence of sheet piles, which are
primarily required for ground stability purposes. Hydrographs in Figure 11.4.32
suggests that horizons due to be excavated during the exhumation of human
remains (represented by BH307 and BH309) are dry during winter months, with
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groundwater levels rising to above the base of the excavation during spring and
summer months (March to August). However, these are considered to represent
relatively limited perched groundwater within the cohesive alluvium, as discussed
in Section 2.6, and any groundwater inflows into the excavation are likely to be
adequately controlled with local dewatering.

5.3.14 The monitoring horizon in BH301 is within deeper horizons of the cohesive
alluvium (between -5 and -3m AOD), so although groundwater piezometric heads
are consistently above the base of the excavation, the thickness of the overlying
cohesive deposits is such that seepage into the excavation due to upwards
leakage from this horizon is not likely to be measurable.
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Figure 11.4.32: Groundwater levels at Trinity Burial Ground in comparison to excavation depth
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5.3.15

5.3.16

5.3.17

5.3.18

5.3.19

5.3.20

5.3.21

5.3.22

Bridges

The two-dimensional model of the bridge tension piles showed very little impact on
groundwater levels and flow in both the superficial deposits and Chalk, with
groundwater readily flowing around the piles.

Pumping station rising main

The rising main is close to ground level, located in made ground and/or cohesive
alluvium. Whilst the rising main may be bedded in a granular infill, stanks are
proposed to prevent the pipe trench from acting as a conduit for preferential
groundwater flow.

Dewatering requirements are likely to be minimal, as any groundwater present will
belimited and perched within the cohesive alluvium present in this location..

Yorkshire Water sewer diversion

Sewer diversions are close to ground level, and located in made ground and/or
cohesive alluvium. Whilst the sewers may be bedded in a granular infill, stanks are
proposed to prevent the pipe trench from acting as a conduit for preferential
groundwater flow.

One of the sewer diversion route options crosses the Trinity Burial Ground.
Although it is considered unlikely that this route will be selected, as pipeline depths
are lower than the agreed exhumation depths, shallow groundwater may be
encountered.

Dewatering requirements are considered to be minimal, due to limited
groundwater within shallow horizons. Consequently any impacts due to dewatering
are likely to be localised, even at Trinity Burial Ground.

Site compounds

Whilst the construction of an impermeable surface on all site compounds will
reduce direct infiltration to the underlying groundwater bodies, this is only likely to
affect perched groundwater within the made ground and cohesive alluvium.
However most site compound locations are currently covered by hardstanding,
and as such are already largely impermeable. Furthermore, the more extensive
groundwater bodies such as the granular alluvium, fluvio-glacial deposits, and
ultimately the Chalk, are all confined by overlying low permeability superficial
deposits and as such do not receive direct recharge.

The only site compound where there is the potential for recharge to aquifer units to
be reduced is at Livingstone Road, where the fluvio-glacial deposits directly
underlie up to 8m of cohesive alluvium, and the Chalk was found at much
shallower depths of between 9 and 13mbgl. It is assumed that groundwater is
contained within more granular horizons in the cohesive alluvium at this location
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5.3.23

5.3.24

5.3.25

5.3.26

5.3.27

5.3.28

and leakage may occur through the superficial deposits (see Annex E Summary of
geology and hydrogeology of site compounds).

Groundwater - groundwater quality
Underpass and other structures

Within the small, predicted zone of influence due to dewatering of the underpass
“box”, there may be local migration of contaminants (PAH, inorganics and some
metals) or generation of suspended solids due to changes in hydraulic gradients.
Similarly, other structures may locally affect the existing groundwater quality
regime.

Groundwater in both the superficial deposits and the Chalk could potentially be
impacted by the introduction of materials during, for example, the construction of
the diaphragm walls (including the circulation of bentonite slurry during wall
construction), jet grouting and installation of piles. Lime and lime cement may be
used to bind the alluvium prior to excavation within the diaphragm wall box. As the
materials will be in direct contact with groundwater within both the superficial
deposits and the Chalk, they have the potential to affect the groundwater quality
due to their material properties and disturbance of the ground, which may mobilise
contaminants already present. There also is the potential for transfer of
contamination during construction through use of piling and other machinery, and
tools.

Pipelines carrying bentonite grout and jet grouting arisings may be buried in high
risk locations, such as road crossings. Booster pumps (which have the potential to
increase the risk of pipe bursts and accidental spillages) will also be required due
to the distance between site and the bentonite and jet grouting plants at the Arco
site compound. Without mitigation there is therefore a risk of groundwater
contamination due to use of the pipelines.

All routine drainage will be collected and disposed of off-site and no soakaways or
other means of discharging water to the ground are included in the preliminary
design. Therefore, there is no requirement for a DMRB Volume 11 Section C
assessment (i.e. assessment of pollution impacts from routine runoff to
groundwater).

Other potential impacts on groundwater quality, for example spillages, can be
mitigated through appropriate practices during construction.

Pumping station and rising main

The pumping station is to be situated adjacent to the existing large diameter Chalk
borehole LDBHO02. Without appropriate abandonment, the borehole has the
potential to act as a preferential pathway for pollution migration between ground
surface, the made ground and shallow superficial deposits, and the Chalk aquifer.
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5.3.29

5.3.30

5.3.31

5.3.32

5.3.33

5.3.34

5.3.35

The rising main has the potential to act as a preferential pathway for migration of
contaminants or suspended solids (from accidental spillages of construction
materials), between ground surface and the made ground and shallow superficial
deposits. However, groundwater within the cohesive alluvium is likely to be limited
to localised sandy horizons and stanks within the granular fill will minimise the
movement of any contaminants or suspended solids.

Yorkshire Water sewer diversion

The sewer diversion route has the potential to act as a preferential pathway for
migration of contaminants (from accidental spillages of construction materials or
raw sewage during construction), between ground surface and the made ground
and shallow superficial deposits. However, groundwater within the cohesive
alluvium is likely to be limited to localised sandy horizons and stanks within the
granular fill will minimise the movement of any contaminants or suspended solids.
If present below the sewer diversion route, the granular alluvium is considered to
be protected by significant thicknesses of cohesive alluvium.

Site compounds

It is assumed that all site compounds will be covered by hardstanding and
drainage will be collected and disposed of off-site. Therefore, the potential impact
of construction activities on groundwater quality is likely to be very low.

There is the potential risk of mobilisation of suspended solids or existing
contamination, or creation of preferential pathways during any pre-construction
site preparations. These site preparations include the demolition of buildings at the
Arco site (or the Staples site, if used). However it is unlikely that this would result
in groundwater contamination as these sites are already covered by hard standing
and contain site drainage.

There is a slightly increased risk of groundwater contamination during pre-
construction site preparations at the Livingstone Road site, where the fluvio-glacial
deposits aquifer directly underlies the cohesive alluvium.

Surface water
Underpass and other structures

All surface water bodies other than Railway Dock and a small section of Humber
Dock lie outside the predicted zone of influence due to seepage into the
underpass. Therefore, impacts due to dewatering on these receptors are
considered to be negligible.

The dock walls are lined and so are likely to be largely isolated from groundwater
except potentially through their bases (unless there is also significant seepage
through the walls). Predicted drawdowns in the uppermost natural superficial
deposits layer (cohesive alluvium) within the footprint of the docks were 0.05m at
most. Whilst there is the potential for seepage into the underpass to impact very
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5.3.36

5.3.37

5.3.38

5.3.39

5.3.40

slightly on groundwater heads adjacent to the Humber Dock, this would be far
outweighed by the impact of Humber Dock losing water through the opening and
closing of the locks and being regularly topped up with water from the Humber
Estuary.

For the same reason, the predicted water quality impacts on surface water due to
construction activities affecting the groundwater regime are also considered to be
negligible.

Yorkshire Water Sewer Diversion

One of the sewer diversion route options runs alongside the northern edge of the
Railway Dock. Any dewatering required for this route has the potential to result in
dewatering of the docks, although the dock walls are lined and the dock is likely to
be largely isolated from groundwater within the superficial deposits. Similarly, any
spillages of construction materials are unlikely to migrate into the dock. Mitigation
measures such as the use of sheet piling will still be required as a precautionary
measure, however.

Site compounds

Fleet Drain, Albert Dock and the Humber Estuary are considered to be indirect
groundwater receptors with respect to potential impacts from adjacent site
compounds. However, the site compounds are to be covered with hardstanding
and have positive drainage systems installed to redirect all recharge-runoff to
sewers, the potential impact on surface water quality from routine runoff and
accidental spillages would be extremely low. The potential impact in terms of loss
of recharge is also considered to be low due to the low permeability nature of the
existing ground cover and near-surface deposits.

Abstractions

No groundwater abstractions are located within the zone of influence, as shown in
Figure 11.4.31. However, the Scheme does fall within the catchment areas (SPZ3)
for the Hull Truck Theatre abstraction borehole to the north and four public water
supply abstraction shaft and adit systems to the northeast. All abstractions are
from the Chalk.

The groundwater model predicts that the potential impact on the Chalk due to the
underpass excavation dewatering operation is negligible (less than 0.05 metres).
Moreover, the Chalk is heavily confined by the overlying cohesive superficial
deposits and therefore protected from any surface contamination. It is anticipated
that suitable techniques will be adopted to ensure that the Chalk is not affected by
mobilisation of contaminants or suspended solids during installation of the
diaphragm walls and tension piles.

Environmentally sensitive sites
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5.3.41

5.3.42

5.3.43

5.3.44

5.3.45

5.3.46

5.3.47

5.3.48

5.3.49

The Humber Estuary is the only environmentally sensitive site within the study
area. As stated above, it lies outside the zone of influence of the underpass and
therefore is unlikely to be affected by this or other construction activities affecting
the groundwater regime.

Historically, springs discharged into the Humber, but these have largely dried up
since abstraction dramatically increased in the early to mid-1900s. Although the
groundwater model predicts a regional Chalk hydraulic gradient towards the
estuary, and recent monitoring data suggests that the local Chalk hydraulic
gradient is either slightly southward or northward depending on the state of the
tide, freshwater inputs to the Humber are unlikely to be affected.

Structures and cultural heritage — groundwater levels

Ground conditions are such that any impact on groundwater levels in the cohesive
alluvium that exceeds approximately 1m over and above natural variations, could
result in a potential risk of settlement to structures, including infrastructure and
archaeological remains.

Drawdown in the cohesive alluvium due to dewatering the underpass excavation is
only predicted to exceed 1m within the Scheme site boundary, and within the
diaphragm walls. Changes in groundwater levels within the cohesive alluvium
underlying the nearest buildings (the Whittington and Cat public house south west
of Mytongate and Booth House northwest of Mytongate) is predicted to be less
than 0.05m.

It is therefore considered that potential changes in groundwater heads as a result
of construction of the underpass are unlikely to cause significant settlement
issues, particularly as groundwater monitoring undertaken during 2013 and 2014
indicates that the natural groundwater level variation in the cohesive alluvium in
this area is in the order of 0.05m.

Groundwater flooding is also unlikely to be a significant issue as increases in
groundwater level due to the underpass construction are minimal in comparison to
the natural range in groundwater levels.

Structures and cultural heritage — groundwater quality

Adverse impacts can potentially arise because of contact between new materials
and groundwater, effects on structure integrity and mobilisation of contaminants
due to ground disturbance.

As discussed previously, within the zone of influence due to dewatering the
underpass excavation, there may be local migration of contaminants (PAH,
inorganics and some metals) due to changes in hydraulic gradient. Similarly, other
structures may locally affect the existing groundwater quality regime.

Groundwater quality could potentially be impacted by the introduction of materials
during, for example, the jet grouting and installation of piles, and by other site
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5.3.50

5.4

5.4.1

activities such as excavations, compound site preparation works, and transferring
materials between site compounds and the site via partially buried pipelines.
However, these should not impact on structures outside the Scheme Site
Boundary providing appropriate techniques and construction environmental
management practices are adopted.

The zone of influence does not extend to the Humber Estuary and therefore the
risk of additional saline intrusion occurring as a result of the Construction Phase of
the Scheme is considered to be negligible.

Potential impacts during operation
Groundwater — groundwater levels and flows

The main quantitative predictions from the steady state groundwater model (which
represents average groundwater levels) are:

¢ No significant impact on cohesive deposits and Chalk groundwater levels or
flow

e Maximum drawdown of 4.8m inside the diaphragm walls in the central part of
the Scheme (approximate road deck level)

e Changes in groundwater levels (resulting in drawdown or mounding,
depending on the tides) in the superficial deposits (cohesive alluvium)
immediately outside the diaphragm walls of up to 0.13m

e Groundwater inflow to the underpass (intercepted by the road drainage
system) of 1.36m?3/d

e Changes in groundwater level (additional to natural variation) in the cohesive
alluvium at the nearest structures of +/-0.04m (refer to Figure 11.4.33 below)

e The two-dimensional model of the tension piles showed very little impact on
groundwater levels and flow in both the superficial deposits and Chalk, with
groundwater readily flowing around the piles

e The zone of influence, which is taken as the area where changes in
groundwater levels within the cohesive alluvium exceed 0.01m, is highlighted
in Figure 11.4.33. This zone of influence is also considered appropriate for
the Chalk. The modelled area where changes in Chalk groundwater levels
exceed 0.01m is smaller, as presented in Volume 3, Appendix 11.7
Groundwater modelling update.
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Figure 11.4.33: Modelled steady state drawdown in the cohesive alluvium for
the operational scenario
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5.4.2 The relationships between steady state and transient model results reflect those of
the Construction Phase scenario.

5.4.3 As with the construction scenario, the pumping station and the Holiday Inn
retaining wall are likely to cause similar impacts to those modelled for the
underpass cutting for reasons and the bridge foundations are likely to cause a
minimal impact on groundwater levels and flows.

Public open space creation

5.4.4 The creation of the public open space at the Myton Centre will increase the
permeable area at this location, and subsequently increase the potential for direct
infiltration to underlying groundwater bodies. This is only considered to be a small
potential impact, however, due to the low permeability nature of near surface
superficial deposits (made ground and cohesive alluvium) at this location.

Groundwater - groundwater quality

5.4.5 Within the small, predicted zone of influence due to dewatering within the
underpass “box”, there may be local migration of existing contaminants (PAH,

inorganics and some metals) or suspended solids due to changes in hydraulic
gradients.

Surface water
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5.4.6

54.7

5.4.8

54.9

5.4.10

5.4.11

5.4.12

5.4.13

5.4.14

All surface water bodies other than Railway Dock lie outside the zone of influence
due to road drainage within the underpass. Therefore, impacts on these receptors
are considered to be negligible.

The dock walls are lined and so are likely to be largely isolated from groundwater
except potentially through its base (unless there is also significant seepage
through the walls). Predicted drawdowns in the uppermost natural superficial
deposits layer (cohesive alluvium) within the footprint of the docks were 0.05m at
most, so the potential impact on surface water levels is likely to be negligible.

For the same reason, the predicted water quality impacts on surface water due to
activities affecting the groundwater regime are also considered to be negligible.

Abstractions

No groundwater abstractions are located within the zone of influence, as shown in
Figure 11.4.33. As in the construction scenario, the groundwater model predicts
that the potential impact on the Chalk, and therefore abstractions from the Chalk,
due to drainage to the underpass “box” is negligible.

The Chalk is heavily confined by the overlying cohesive superficial deposits and
therefore protected from any surface contamination. It is anticipated that suitable
piling techniques will be adopted to ensure that the Chalk is not affected by
mobilisation of contaminants or suspended solids during installation of the
diaphragm walls and tension piles.

Environmentally sensitive sites

As discussed above, the Humber Estuary lies outside the zone of influence due to
drainage to the underpass therefore is unlikely to be affected by this or other
construction activities affecting the groundwater regime.

Historically, springs discharged into the Humber, but these have largely dried up
since abstraction dramatically increased in the early to mid 1900s. Although the
groundwater model predicts a regional Chalk hydraulic gradient towards the
estuary, and recent monitoring data suggests that the local Chalk hydraulic
gradient is either slightly southward or northward depending on the state of the
tide, freshwater inputs to the Humber are unlikely to be affected.

Structures and cultural heritage — groundwater levels

Ground conditions are such that any impact on groundwater levels in the cohesive
alluvium that exceed approximately 1m over and above natural variations, then
there is a potential risk of settlement to structures, including infrastructure and
archaeological remains.

Drawdown in the cohesive alluvium due to drainage to the underpass “box” is
predicted to exceed 1m only in the immediate vicinity of the retaining walls.
Changes in groundwater levels within the cohesive alluvium underlying the nearest
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5.4.15

5.4.16

5.4.17

5.4.18

5.4.19

buildings (the Whittington and Cat public house south west of Mytongate and
Booth House northwest of Mytongate) is predicted to be no more than 0.04m.

Therefore, it is considered that potential changes in groundwater levels due to
drainage to the underpass are unlikely to cause significant settlement issues,
particularly as groundwater monitoring during 2013 and 2014 indicates that the
natural groundwater level variation in the cohesive alluvium in this area has been
in the order of 0.5m.

Groundwater flooding is also unlikely to be a significant issue as increases in
groundwater level due to the underpass operation are minimal in comparison to
the natural range in groundwater levels. During operation there may be slightly
less infiltration to made ground due to an increase in hard standing around
Mytongate Junction. Groundwater in made ground is perched and not laterally
extensive. Therefore, indirect impact of infiltration reduction is considered to be
negligible.

Structures and cultural heritage — groundwater quality

As discussed previously, within the zone of influence due to drainage to the
underpass, there may be local migration of contaminants (PAH, inorganics and
some metals) due to changes in hydraulic gradients. Similarly, other structures
may locally affect the existing groundwater quality regime.

In view of the contaminants identified during the 2013 Gl and the concentrations of
these contaminants, impacts within the zone of influence are likely to be minimal in
terms of the effects on quality due to direct contact between new materials and
groundwater, and effects on structure integrity.

The zone of influence does not extend to the Humber Estuary and therefore the
risk of additional saline intrusion occurring as a result of the Operational Phase of
the Scheme is considered to be negligible.
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6. Conclusions and recommendations

6.1 Conclusions
6.1.1  This report aims to:

e develop a baseline hydrogeological conceptual model of the A63 Castle
Street Scheme based on the findings of previous studies and the 2013 an
2015/16 Gils, testing and subsequent monitoring

e outline the potential risks from groundwater during the construction and
operation of the Scheme, to inform the detailed design mitigation measures

e assess the potential impacts of key structures associated with the
construction and operation of the Scheme on groundwater receptors

6.1.2 The baseline conceptual hydrogeological model is largely based on information
from the following sources:

e 2013 Gl and 2015/16 GI, which comprised exploratory boreholes, trial pits,
window samples, self-boring pressuremeter tests (SBPT) and archaeological
SCPTs. These were supplemented by geophysical surveys, permeability
tests, a Chalk pumping test, and groundwater level and quality monitoring
(manual dips and deployment of dataloggers). The Gl was restricted to the
Scheme Site Boundary.

e Earlier reports relating to the Scheme

e Publicly available information from the BGS and Environment Agency, and
other publications

¢ A nine-layer numerical groundwater model developed as part of this
investigation using MODFLOW

e Chalk groundwater level monitoring undertaken from observation boreholes
around Hull and GI boreholes

6.1.3 Key aspects of the baseline conceptual model are as follows:

e The geological sequence roughly comprises a series of aquifer and aquitards
within the superficial deposits (20 - 30m thick), including made ground,
cohesive alluvium, granular alluvium, glacial till, glaciolacustrine deposits and
fluvio-glacial deposits. The fluvio-glacial deposits directly overlie Chalk
bedrock.

¢ Inreality, the geological sequence is more complex than this. For example,
the granular alluvium is only present across the eastern half of the Scheme,
where a channel feature that cut through glacial deposits (the glacial till,
glaciolacustrine and fluvio-glacial deposits) was subsequently infilled.
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The Chalk aquifer is confined and has a strong tidal influence reflected in
groundwater levels which have varied by up to 4m over the monitoring
period. here is evidence of significant heterogeneity within the Chalk in this
area.

Other than the made ground, the permeable superficial deposits are
generally confined though there may be some localised unconfined units.

Neither the Chalk nor the majority of the superficial deposits have exhibited
an obvious response to short term recharge events or seasonal recharge
during the monitoring period and are thought to be recharged indirectly.

In general, the local hydraulic gradient in the Chalk is slightly to the north
during high tide, and southwards during low tide.

Monitoring across the Hull area and the groundwater model suggest that
groundwater flow is generally to the south, towards the Humber Estuary, as
verified by monitoring across Hull on 28 February 2017.

Similarly, monitoring to date does not indicate a measurable hydraulic
gradient in any of the superficial deposits, except in the granular alluvium
across the eastern part of the Scheme. Here, the hydraulic gradient appears
to have an east to west component, although it is assumed that there may
also be a north-south component due to the orientation of the alluvial
channel.

Vertical hydraulic gradients depend on the state of the tide, with a slight
downwards hydraulic gradient between the superficial deposits above the
glaciolacustrine deposits and the fluvio-glacial deposits and Chalk at low tide
and a reversal of this relationship at high tide. The data suggests that
leakage between aquifer units is minimal except where the more
impermeable superficial deposits thin towards the eastern end of the
Scheme.

Although the hydraulic connection between the Humber Estuary and the
underlying Chalk is not well understood, and it is considered unlikely that
watercourses receive any significant baseflow from the Chalk, it is possible
that the Humber Estuary gains water from the Chalk aquifer under high
groundwater level conditions. This relationship may be reversed under
drought conditions, however.

The wall of all three docks are lined and so are likely to be largely isolated
from groundwater within the superficial deposits, except through their bases.

The Chalk groundwater quality is representative of a confined aquifer with
reducing conditions that has been subject to modern saline intrusion (due to
historical over-abstraction) as well as a component of paleo saline
groundwater.
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6.1.4

6.1.5

6.1.6

e Water quality is the superficial deposits is also representative of generally
(though not always) reducing conditions. There is evidence of mixing with
saline water.

Potential impacts on groundwater receptors during construction and operation of
the Scheme are summarised below:

e Receptors have been divided into direct receptors (groundwater units) and
indirect receptors potentially affected when groundwater is considered as a
pathway.

e Groundwater receptors include the Chalk aquifer and superficial deposits
(although the latter is not classed as an aquifer by the Environment Agency).

e Surface water receptors include the Humber Estuary, which is also an
environmentally sensitive site, the River Hull, the Railway, Humber and
Albert docks and Fleet Drain.

e Other potential receptors include groundwater and surface abstractions,
structures and cultural heritage (buildings and archaeological remains).

Potential Construction Phase impacts based on the findings of this investigation
are considered to be as follows:

¢ No significant impact on Chalk groundwater levels or flow.

e Changes in groundwater levels (resulting in drawdown or mounding,
depending on the tides) in the superficial deposits (cohesive alluvium)
immediately outside of the diaphragm walls of less than 0.13m due to the
underpass excavation. However, this is small in comparison to the natural
range of water level variation and is therefore unlikely to result in
groundwater flooding.

e Groundwater inflow to the open excavation through the excavation retaining
walls and base of less than 10m3/d.

e Negligible impact on surface water receptors due to changes in groundwater
levels, flow or water quality.

e Potentially small impacts on groundwater receptors within the zone of
influence of the underpass excavation due to changes in groundwater levels
and quality, but these are unlikely to be of significance.

Potential Operational Phase impacts based on the findings of this investigation are
considered to be as follows:

e No significant impact on Chalk groundwater levels or flow.

e Changes in groundwater levels (resulting in drawdown or mounding,
depending on the tides) in the superficial deposits (cohesive alluvium)
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6.2

6.2.1

6.2.2

immediately outside of the diaphragm walls of less than 0.13m due to the
underpass. However, this is small in comparison to the natural range of
water level variation and is therefore unlikely to result in groundwater
flooding.

e Groundwater inflow to the underpass (intercepted by the road drainage
system) of 1.36m?%/d.

e Negligible impact on surface water receptors due to changes in groundwater
levels, flow or water quality.

e Potentially small impacts on groundwater receptors within the zone of
influence of the underpass excavation due to changes in groundwater levels
and quality, but these are unlikely to be of significance.

Recommendations

A groundwater monitoring and sampling plan must be agreed with the
Environment Agency and implemented throughout the construction period.
Regular dialogue between the contactor and regulatory bodies will be required
during this process. It is also recommended that baseline groundwater monitoring
prior to construction continues, to capture seasonal changes.

The construction and operation phase monitoring and sampling plan should form
part of the Groundwater Management, Dewatering and Discharge Control Plan,
outlined in the Outline Environmental Management Plan (PINS reference
TRO10016/APP/7.3).
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Annex A: MMG JV (2014) A63 Castle Street Improvements, Hull —
Ground Investigation Report (GIR)
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1 Executive Summary

The proposed A63 Castle Street Improvement Scheme (the scheme) aims to improve access to the Port of
Hull, relieve congestion and improve safety. At the time of writing this is to be achieved by constructing a
reduced level grade separated junction (GSJ) at or about the location of the existing Mytongate junction. The
scheme also seeks to reduce the severance caused by the A63 between the city centre to the north and
developments, tourist and recreational facilities to the south.

The scheme is located over varied ground conditions including made ground, saturated, compressible weak
alluvium and granular and cohesive glacial deposits. Bedrock in the region is chalk and is a principal aquifer
with sub artesian groundwater pressures.

To manage the ground risk a detailed site investigation was undertaken in 2013 that complimented historical
investigations and targeted the GSJ cutting with conventional and more specialist ground investigation
techniques alike. The 2013 site investigation also included archaeological, hydrogeological and land
contamination investigations all of which have helped to improve the understanding of the ground conditions
throughout the scheme. The site investigation confirmed the variable and challenging nature of the ground
conditions.

A major constraint to the scheme is Trinity Burial Ground to the south east of the existing Mytongate
Junction. Site investigation in this location was placed into abeyance due to access and permission
constraints. This area has been recorded on the exploratory hole location plans and will need to be
investigated by a confirmatory investigation exercise during detailed design.
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2 Introduction

The existing A63 highway at Castle Street is located 0.25km to the south of Hull city centre. The existing
highway is a dual carriageway running east to west with a traffic signal controlled junction, known as
Mytongate Junction, accommodating traffic movements from the north and south. The existing A63 highway
provides a strategically important route linking the M62 motorway, the Humber Bridge and A15 to the west,
with the city centre and the Port of Hull to the east.

The proposed Castle Street Improvement Scheme (the scheme) aims to improve access to the Port of Hull,
relieve congestion and improve safety. In addition, the scheme seeks to reduce the severance caused by the
A63 between the city centre to the north and developments, tourist and recreational facilities to the south.

The proposed scheme involves improvements to approximately 1.5km stretch of the A63. The improvements
are to be implemented by lowering the level of the A63 dual carriageway into a cutting by approximately 7 m
at Mytongate Junction. Ferensway to the north and Commercial Road to the south are proposed to pass
over the AG63 on a central bridge increasing levels nominally to create a grade separated junction. In addition
to the grade separated junction and central bridge, two footbridges are proposed to improve pedestrian
access over the A63.

The scheme is currently in the Preliminary Design Stage (or Stage 3) of the Highways Agency Project
Control Framework (PCF). The Mott Macdonald Grontmij Joint Venture (MMGJV) is working directly for the
Highways Agency to take the A63 Improvement Scheme to Development Consent Order (DCO) submission.

In 2013, a detailed and targeted ground investigation was undertaken by Geotechnics Limited (Ground
Investigation, A63 Castle Street Improvement, Hull, Reference PC135220, October 13) to both supplement
and expand upon the existing historical ground investigation information. The 2013 ground investigation
utilised a variety of investigation techniques focusing on the area of the proposed cutting where the majority
of the exploratory holes were undertaken. Where the alignment was to remain at or about grade there was a
reduced frequency of exploratory holes were undertaken.

Drawing 1168-09-01-DR-001-PD9 depicts the exploratory hole locations where ground investigation was
undertaken during the 2013 ground investigation.

2.1 Scope and Objective of the Report

The aim of this Ground Investigation Report (GIR) is to present an account of the ground investigation works
that have been undertaken for the A63 Castle Street Improvement Scheme and to prepare a review of the
ground and groundwater conditions, geo-environmental limitations, constraints and ground hazards and risks
determined from the investigations undertaken by MMGJV.

A detailed interpretation of the ground conditions, together with material properties is presented in the
following sections.

An updated geotechnical risk register corresponding to this stage of the scheme is presented within Section
7.

This report has been prepared in general accordance with the reporting requirements of BS EN 1997-2:2007
‘Eurocode 7. Geotechnical Design. Ground Investigation and Testing’, in conjunction with HD 22/08
‘Managing Geotechnical Risk’ (DMRB, 2008). It should be noted that the historical investigation data (where
considered) is reported to BS5930:1999.

2.2 Description of the Project
The section of the existing A63 to be improved by the scheme runs from the former junction with Porter

Street in the west to just beyond the Market Place Junction in east with the signalised Mytongate Junction
located in the approximate centre. The existing dual carriageway and the side roads that join at the
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Mytongate Junction are generally at grade and constructed at existing ground level, which ranges from
approximately 3.0m to 4.5m above ordnance datum (OD).

The proposed mainline does not deviate from the existing vertical alignment until Chainage 280 where the
highway reduces in level into a cutting reaching the minimum road level of 7m below ground level (bgl) or -
5m OD at around Chainage 505 before rising to existing ground level by Chainage 730.

The proposed horizontal alignment of the mainline deviates from the existing alignment between Chainage
350 and Chainage 1050. Between Chainage 350 and 1050the proposed alignment is located to the south of
the existing alignment, and encroaches on to the land that currently forms the Trinity Burial Ground. It is
proposed to clear this section of the burial ground prior to the commencement of construction works.

There are four proposed slip roads, the eastbound diverge, the eastbound merge, the westbound diverge
and the westbound merge. All slip roads excluding the westbound diverge are generally at grade with minor
increases in height up to a maximum level difference of a metre. The westbound diverge reduces in level by
a maximum depth of 3m or Om OD, the diverge then increases in level by up to 1m in the area of the
proposed over bridge.

A central over bridge is proposed to link Ferensway and Commercial Road and provide access to and from
the four slip roads. The level of the over bridge is proposed to be approximately 1m above existing ground
level and crosses the proposed A63 at Chainage 500.

Two footbridges are proposed to provide pedestrian access across the highway; the first is proposed at
Chainage 50 and will take the form of a standard footbridge with pedestrian access ramps, the second is
proposed between Chainage 800 to 850. The form of the second footbridge has not yet been finalised but it
is likely to take the form of an ‘enhanced’ crossing with helical access ramps.

The proposed westbound carriageway and associated footpath encroaches on land that was formerly a dock
between Chainage 770 and Chainage 910, in these area alterations to the wall forming the historical dock
boundary will be required.

2.3 Geotechnical Categorisation

BS EN 1997-1:2004 describes the three Geotechnical Categories that can be introduced to establish
geotechnical design requirements. The Geotechnical Category is an assessment of the ground conditions
and nature of proposed construction. A description of these categories is presented below;

e Geotechnical Category 1 — Applies to small and relatively simple structures where there is negligible
risk. The procedures should be used only where there is negligible risk in terms of the overall
stability or ground movements, and where the ground conditions are considered to be relatively
straightforward.

e Geotechnical Category 2 — Applies to conventional types of structures and foundation where there is
no exceptional risk or difficult soil or loading conditions such as; piled foundations, retaining walls,
earthworks, embankments and bridge piers and abutments.

e Geotechnical Category 3 — Applies to structures or parts of structures, which fall outside the limits of
Geotechnical Categories 1 and 2. This would include very large or unusual structures and structures
involving abnormal risks, unusual or exceptionally difficult ground conditions or abnormal loading
conditions.

Geotechnical Category 3 is generally considered to be the most appropriate approach for geotechnical
design for the A63 Castle Street Improvement Scheme.

The principal reason for the Category 3 categorisation is due to the complexity of the proposed scheme.
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2.4 Other Relevant Information

Not Used.
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3 Existing Information

The proposed scheme has been under consideration for many years, as such, numerous reports and
surveys of the area have been undertaken to assist in the determination of the most suitable option. This
section, ‘Existing Information’ summarises all relevant geotechnical information known about the scheme
prior to the commencement of the 2013 ground investigation.

In 1994 Allied Engineering & Geotechnics carried out a site investigation along the A63 Castle Street. The
associated Ground Investigation Report for this project was published in 1995 by Acer (Acer, 1995).

A summary of the existing information relevant to the proposed improvements is presented in the Preliminary
Sources Study Report (PSSR) produced by Pell Frischmann (PF, 2009a). The report details (but is not
limited to) topography and site history, geology, mineral extraction, aerial photography, ground conditions,
contaminated land, seismicity, hydrogeology, hydrology, flooding, land use and archaeology. Details of the
programme of statutory consultations that were undertaken are presented in the PSSR.

An Envirocheck Report was obtained in January 2013. This report confirmed that the information
summarised in the PSSR detailed above was still current.

In 2013, MMGJV produced an Annex A to Preliminary Sources Study — 27282 to provide advice on the likely
requirements of any subsequent ground investigation.

The main reports that were reviewed during the preparation of this report together with other relevant
supporting information are listed in Section 8 of this report. No warranty is given or implied with regard to the
accuracy of reports referenced within Section 8.

3.1 Topographical Maps

Historical and recent topographical maps for the area of the proposed scheme, are available from two
Envirocheck reports (2002 and 2013), and a Ground Sure report (2008). The PSSR (PF, 2009a) provides a
detailed commentary on the findings from these maps, together with information depicted on Ordnance
Survey Maps. Salient changes or features that are likely to affect the scheme are summarised within Table
3.1. The associated historical maps are presented in Appendix A.

Full details of the information relating to the topographical maps are contained within the PSSR (PF, 2009a).

Table 3.1 — Historical Mapping Review

Date Scale Feature / Chainages
1856 1:10,000 & Castle Street is marked on the map but covers a smaller area than present. The
1:2,500 existing eastern end of Castle Street is named Mytongate with Castle Street

originating at Humber Docks. Castle Street subsequently proceeds westwards
approximately along the current line of the A63 to Waterhouse Lane, where it
terminates and becomes Myton Place. This lies in the vicinity of the intersection of
the AB3, Ferensway and Commercial Road.

Prince’s Dock and Humber Dock are present; there is a lock (with gates) linking the
two docks. Castle Street crosses the lock via a lift bridge named Mytongate Bridge.
Residential housing is present on both sides of Mytongate and to the north of Castle
Street and Myton Place. To the southeast of Myton Place, there are four timber yards
surrounding the Trinity Burial Ground. Dense residential housing with associated
roads (e.g. Nile Street and Great Passage) is present to the east of Myton Place but
the alignment of the streets is significantly different from current alignments. A chapel
and gardens are present in the vicinity of what is now the Mytongate Junction.
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Date
1891-1893

Scale

1:10,000 &
1:2,500

Feature / Chainages

There has been little change over the majority of the scheme area. The Trinity Burial
Ground is now marked as disused. Tramways are indicated crossing the alignment
at Market Place, Prince’s Dock Street/Humber Dock Street, Railway Street and
Porter Street. A brewery/malthouse and several abattoirs are indicated at the
western end of the alignment. The Albert Dock has been constructed to the south of
the site, as well as two stations. More railway sidings have also appeared and a
Cattle Market is present immediately west of Railway Dock and south of the current
AB3 alignment.

1910-1911

1:10,000 &
1:2,500

No significant changes have occurred throughout the majority of the scheme area.
Mytongate Bridge is now marked ‘swing bridge’ and the residential area in the vicinity
of Nile Street and Great Passage Street (now the Mytongate Junction) has been
redeveloped.

1926-1938

1:10,000 &
1:2,500

No significant changes.

1948-1949

1:10,000 1:2,500
&1:1,250

The area previously marked Humber Works is now shared with Humber Lead Works.
The redeveloped area between Nile Street and Great Passage Street is shown to
contain a dairy and metal works as well as a number of dwellings. Many of the
buildings at the western end of the alignment and to the north and south of this area
are no longer indicated - some buildings are indicated to be ruined and are possibly
an indication of the affects of World War Il bombing. The tramways on Porter Street
and Market Place are no longer indicated.

1952-1959

1:10,000 1:2,500
& 1:1,250

No significant changes.

1968-1972

1:10,000 1:2,500
& 1:1,250

The Brewery/Malthouse and the remainder of the residential buildings on the
western end of the alignment are no longer indicated. A food processing factory is
now depicted in place of the Malthouse.

1975-1979

1:10,000 1:2,500
& 1:1,250

Porter Street is in shown to be closed off and the A63 ‘Hessle Road’ has been
constructed after the demolition of the remaining buildings along the western end of
the alignment including the food processing factory. Myton Place has been
demolished and Castle Street, which has been widened to dual carriageway, now
extends further west with a new roundabout present at the junction (Mytongate
Junction) of Hessle Road, Castle Street, Commercial Road and a third unnamed
street to the north that links to Osborne Street.

Prince’s Dock is now marked as disused and Humber Dock as a marina. William
Booth House is indicated adjacent to the new roundabout. Castle Street, between
the two docks, has been widened towards the south and covers the area
previously occupied by two warehouses.

1983-1987

1:10,000 &
1:1,250

The revetment wall at the northern end of the Humber dock is now indicated. The
Docks are now marked as disused. As well as the interchange at Commercial Road,
the A63/Queen Street Junction is shown. To the east of the site Myton Swing Bridge
is now present.

1988-1989

1:1250

The warehouse at the north-western corner of the Humber Dock has now been
demolished and replaced with a hotel. An electrical sub-station is indicated between
the hotel and Trinity Burial Ground adjacent to the A63 road. The A63 carriageway
now passes through Mytongate Junction as a through-about.

1991-1996

1:10,000 1:2,500
& 1:1,250

No significant changes have occurred along the alignment of the A63. The 1991
section of the map shows the presence of the shopping centre car park at the
southern end of Prince’s Dock. Prince’s Quay Shopping Centre is indicated on the
1992 section of the map.

Information within Table 3.1 obtained from PSSR (PF 2009a)
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3.2 Geological Maps and Memoirs
Map and Memoir Coverage
The references for the geological maps relevant to the scheme are shown in Table 3.2.

Table 3.2 — British Geological Mapping Sources

Published

1:50,000 80 Kingston upon Hull (Solid and 1983, British Geological
Drift) Survey

West of the scheme " .
1:10,560 TAO2NE 1971, British Geological

. Survey
(Solid/Bedrock and
Drift/Superficial deposits)
East of the scheme " .
1:10,560 TA12NW 1986, British Geological
(Solid/Bedrock and Survey

Drift/Superficial deposits)
The following Geological Memoirs are relevant to the area:-

e Geology of the Country around Kingston upon Hull and Brigg, Memoir for 1:50,000 geological sheets
80 and 89. HMSO 1992

Geological Summary

Reference to the available geological maps and historical information indicate that deposits below the site
comprise the following:

Made Ground

Made ground is present across the site is likely to be present in many different forms associated with the
previous industrial uses, historical structures, the docks and the burial ground.

Superficial Deposits

The made ground is underlain by superficial deposits of the Quaternary Period. The site area is underlain
by a series of estuarine alluvial deposits (including peat); which are further underlain by glacial deposits.

Solid Geology

The solid geology below the site comprises Upper Cretaceous bedrock of the Burnham Chalk Formation.
This unit is typically in the region of 100m to 150m thick and is predominantly thinly bedded and
characterised by continuous tabular and lenticular flints.

3.3 Aerial Photographs

Historical aerial photography was consulted by BACTEC as part of their explosive ordnance threat
assessment (BACTEC, 2008). The information contained within the BACTEC report was revisited by EOD
Contracts Limited in 2013 prior to the commencement of the ground investigation.

It is not intended to provide a commentary of all of the features and changes evident on the available
photographs within this GIR, as this has already been undertaken by Pell Frischmann and is contained within
the PSSR and the EAR (PF, 2010).
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3.4 Records of Mines and Mineral Deposits

The PSSR (PF, 2009a) states that the site is not affected by any underground coal mining, the Envirocheck
reports, 2002 & 2013 indicate the risk due to mining subsidence to be very low. Furthermore the geological
memoir indicates that quarrying has taken place within the Cretaceous Chalk; however, this is quarrying is
likely to have been undertaken in areas of higher ground where the thickness of superficial deposits is
reduced. There are no active or former quarries that have been identified within the vicinity of the scheme. .

3.5 Land Use and Soil Survey Information

The scheme area lies within an urban environment so soil survey information was not deemed to be
required.

3.6 Archaeological and Historical Investigations

An Archaeological Deposits Model will be available for the scheme areas, at the time of compilation the
Deposits Model has not been finalised, (reference to follow).

3.7 Existing Ground Investigation
Intrusive Ground Investigations

The following sources of ground investigation data were obtained for the scheme prior to undertaking the
2013 ground investigation:

e Factual Site Investigation Report — Allied Exploration and Geotechnical Ltd (AEG), 1994
e Geotechnical Interpretive Report — Acer Consultants, 1995
¢ Online geological maps provided by the British Geological Survey

The following historical exploratory holes relevant to the scheme are summarised in Tables 3.3 and 3.4.
Exploratory holes in ‘bold’ text are located within the boundaries of the proposed road layout. All other
exploratory holes are located outside of the boundary of the current proposed scheme.

Table 3.3 - Exploratory holes from 1994 AEG Ground Investigation

Type ‘ Exploratory hole number

BH-01, BH-02, BH-03, BH-04, BH-05, BH-06, BH-07, BH-08, BH-09, BH-10, BH-11, BH-12,
Borehole BH-13, BH-14, BH-15, BH-16, BH-17, BH-18, BH-19, BH-20, BH-21, BH-21A, BH-22, BH-23,
BH-24, BH-25, BH-26, BH-27, BH-28, BH-29, BH-30, BH-31

Trial Pit TP-01, TP-02, TP-02A, TP-03, TP-04, TP-04A, TP-04A, TP-05, TP-06, TP-07, TP-08, TT-01

Table 3.4 - BGS historical borehole records

Type ‘ Exploratory hole number

TAO2NE73, TAO2NE109, TA02NE527, TAO2NES528, TA02NE529, TA02NE530, TAO2NES31,
Borehole TAO2NES532, TAO02NE534, TAO02NE535, TA12NW638, TAO02NE700, TAO02NE702,
TAO2NE813, TAO2NE814, TAO2NE815, TA02NE816, TAO2NE841, TAO2NE862, TAO2NE865

Trial Pit TA2NES866, TAO2NE869, TA02NE870

3.8 Consultation with Statutory Bodies and Agencies

Throughout the assessment process the Highways Agency (HA) has been committed to an ongoing
engagement with the stakeholders and statutory consultees.
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Statutory and non-statutory bodies that have been consulted as part of the Environmental Assessment
include:

The Health and Safety Executive

Hull County Council (HCC)

Humber Archaeology Partnership (HAP)
English Heritage

Natural England

Environment Agency (EA)

The Marine Management Organisation
British Waterways

Various Health Bodies

Various Transportation Bodies

The Crown Estate

Utility services and regulation bodies
The relevant emergency service providers

A summary of the consultation undertaken to date is discussed within the EAR (2010).
3.9 Flood Records

Following the advice of the Environment Agency a flood risk assessment was undertaken by Pell
Frischmann in 2007. The findings of the Flood Risk Assessment (FRA) are discussed within the Pell
Frischmann Flood Risk Assessment Report (ref. W11189/VDH/03). The FRA confirmed that the proposed
scheme lies within a Flood Zone 3a of the indicative flood plain.

Further discussions with the Environment Agency, undertaken during Stage 3 of the PCF, indicated that the
FRA undertaken in 2007 is out of date and is therefore in need of revision.

It was confirmed in the EAR — Options Selection that the FRA was under revision in conjunction with the
current environmental assessment.

3.10 Contaminated Land

A summary of the existing information relevant to the proposed improvements is presented in the Preliminary
Sources Study Report (PSSR) produced by Pell Frischmann (PF, 2009a).

A number of potential sources of contaminated land have been identified in and around the Project area.
These are detailed in the PSSR (PF, 2009a) and are summarised here.

e Historic potentially contaminating activities within the Project area including: former
warehousing; docks; timber yards; saw mill; metal works; the Humber works (brass and
copper); Humber lead works; pig market; railway lines; and the disused Trinity Burial
Ground.

e Historic potentially contaminating activities within the surrounding area including: docks,
dock infrastructure and warehousing, various industrial uses (e.g. chemical works, paint
works, oil works), timber yards on Waterhouse Street and various works (e.g. engineering,
leather, rubber and warehousing).

o Domestic waste reported within trial pits excavated as part of the previous investigations and
located in the vicinity of Commercial Road roundabout.

e Localised strong hydrocarbon odours and black discolouration of soils reported during the
previous investigation, immediate north east of the burial ground.
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3.11 Other Relevant Information
Hydrology and Hydrogeology

A description of the hydrology and hydrogeology of the area are detailed in the PSSR (PF, 2009a), the EAR
(PF, 2010), and the Technical Appraisal Report (HA, 2008). Groundwater monitoring was undertaken during
the scheme’s previous site investigation (Acer, 1995 and AEG, 1994). The findings have been summarised
as follows:

e The nearest surface watercourses are the Humber Estuary, located to the south of the site, and the
River Hull which is located to the east of the scheme. Both rivers have flows which are subject to
tidal influence.

e There are no surface water abstractions within the scheme area.

e The drift within the scheme has low permeability and negligible significance for water supply or river
base flow. The underlying chalk was identified as a Principal Aquifer.

e The scheme area is not situated within a Groundwater Protection Zone. There are four groundwater
abstractions for commercial use within 1km of AB63 Castle Street, three of which lie within the
scheme area (i.e. within 500m).

e The Environment Agency’s River Basin Management Plan (RBMP) for the Humber River Basin
District identifies the presence of groundwater beneath the site. A significant proportion of drinking
water comes from the groundwaters of the chalk and sandstone in this District. Data maps from the
RBMP indicate that the quantitative and chemical status of the groundwater underlying the site and
surrounding area is poor.

e Groundwater monitoring from the previous site investigation indicated that groundwater levels vary
significantly (from 0.2 m to 13.8 m bgl) throughout the scheme area.

Unexploded Ordnance

An assessment of the risk posed from the presence of unexploded ordnance (UXO) was undertaken; a
summary of the details from the BACTEC report are presented in the PSSR (2009).

In summary the report considers that there is a risk from unexploded ordnance on the site which applies to
both an intrusive ground investigation and also construction work. It indicates that the areas to the west and
east of the site are of medium risk, and the remainder is low risk. These levels of risk are based on an
evaluation of “the probability of occurrence, the risk of detonation, and the consequences”.

Page 12 of 54



Project Support Framework (Consultancy) 2011 — 2016 A HIGHWAYS
Ground Investigation Report AW cency
AB63 Castle Street Improvement, Hull Safe roads, reliable journeys, informed travellers

4 Field and Laboratory Studies

4.1 Walkover Survey

Prior to the commencement of the site investigation work several site walkover surveys were undertaken.
During the walkover survey the engineers recorded details of any features of note within the scheme area.
The walkover survey enabled the positioning of proposed exploratory holes in locations that were both
practical in terms of access and in close proximity to the proposed scheme.

4.2 Geomorphologic and Geological Mapping

The scheme area lies within an urban environment; as such a geomorphological and geological mapping
exercise was not undertaken.

4.3 Ground Investigation
4.3.1 Description of Fieldwork
The 2013 ground investigation was designed specifically to confirm and expand the geotechnical, and
hydrogeological findings outlined within the Preliminary Sources Desk Study and the 1994 Ground
Investigations. In addition, the investigation also obtained samples to assess the presence of contamination

and provided chemical testing results to assist in determining material reuse and disposal requirements.

Table 4.1 — Rational for Scope of Investigation

Site Investigation Element Investigation Technique Utilised Rationale

e  Cable percussive boring e Assess buildability of the underground
. Rotary Coring option

Central Area e  Trial Pitting e  Toimprove understanding of ground
e |Insitu testing conditions and related risks
e  Permeability testin e  Toimprove understanding of

(underground element) ¢ Monitoring y ’ grounzwater related risksg
e  Laboratory testing e  Tolocate anomalies/obstruction

e  Todetermine likely disposal
requirement of excavated material

. Determination of foundation type.

_— . e  Tosize foundations
Investigation for Footbridges

e  Self Boring Pressuremeter to assess e  To provide information on large/small
large/small strain at depth (>15/20m bgl) strain stiffness’s within the deeper
Pressuremeter Testing cohesive deposits.
. Data for finite element modelling and
analysis.
. Exploratory Holes e  To provide information on the ground
o . Insitu Testing and groundwater conditions present in

Investigation in West of e Monitoring the wider area of the scheme.
Mytongate e Laboratory Testing
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Site Investigation Element Investigation Technique Utilised Rationale
. Exploratory Holes e  To provide information on the ground
L . Insitu Testing and groundwater conditions present in
Investigation East of Mytongate |, \onitoring the wider area of the scheme.
. Laboratory Testing
. Exploratory Holes . To locate archaeological earthworks in
. e  Sampling the area of the dock thought to be
Archaeological element of the associated with the old city walls
Investigation e Toinform archaeological deposits
model.
. Exploratory Holes e  Todetermine the infill properties of the
L . Insitu Testing material behind dock walls.
Investigation of the dock e Monitoring
. Laboratory Testing
. Laboratory Contamination Testing e  To provide information for disposal of
o . material
Contamination sampling and e  To assess implications for Human
testing Health during and post construction

e  Todetermine presence of contaminants
within groundwater

. Pump Test Hole e  Toimprove understanding of potential
) . Monitoring impacts during construction and
Pumping Test operation phases.

e  Todetermine likely discharge rates
during construction dewatering.

e  To determine potential groundwater
contaminant migration during
construction dewatering and potential
discharge water quality issues.

Exploratory holes relevant to the scheme are summarised in Tables 4.2. Exploratory holes in bold are
located within the boundaries of the proposed road layout. All other exploratory holes are outside of these
boundaries.

Table 4.3 summarises the overall number of holes undertaken for the scheme to date.

Table 4.2 - Exploratory holes from 2013 Ground Investigation

Borehole BHO1, BH02, BH03, BH04, BH05, BH06, BHO7, BH08, BH09, BH10, BH11, BH12, BH13,
BH14, BH15, BH16, BH16A, BH17, BH18, BH18A, BH19, BH19A, BH20, BH21, BH21A, BH22,
BH23, BH24, BH25, BH26, BH27, BH28, BH29, BH30, BH30A, BH32, BH33, BH34, BH35,
BH36, BH37, BH38, BH39, BH40, BH40A, BH41, BH41A, BH42, BH43, BH44, BH45, BHA46,

BH47
Static cone penetration test SCPTO01, SCPT02, SCPT03, SCPT04, SCPT05, SCPT06, SCPTO07, SCPT08, SCPTO09,
(SCPT) SCPT10, SCPT11, SCPT12, SCPT13, SCPT14/1, SCPT14/2, SCPT15, SCPT16, SCPT17,

SCPT18/1, SCPT18/2, SCPT19, SCPT20, SCPT21, SCPT22, SCPT23, SCPT24A, SCPT24B,
SCPT24C, SCPT25, SCPT26, SCPT27, SCPT28, SCPT29, SCPT30, SCPT31, SCPT32,
SCPT33, SCPT34, SCPT35
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Type ‘ Exploratory hole number

Window sample WS01, WS02, WS03, WS04, WS05, WS06, WS07, WS08, WS09, WS10, WS10A, WS11,
WS12, WS12A, WS13, WS14, WS16, WS17, WS18, WS19, WS20, WS21, WS22, WS23,
WS24, WS25, WS26

Safe roads, reliable journeys, informed travellers

Trial pit TPO04, TPO5, TPO5A, TP11, TP13, TP14, TP16, TP18, TP18A

Self-boring Pressuremeter test SBPO01, SBP02, SBP03, SBP04

(SBPT)

Archaeological SCPTs A01, A02, A03, A04, A04A, A05, A06, AOBA, A07, A08, A09, A09A, A10, A10A

Table 4.3 - Summary of total number of hole undertaken for the scheme.

Type of exploratory hole Historical BGS ‘ 2013

Borehole 32 20 53
Trial pit 12 3 9
Static cone penetration test - - 39
Window sample - - 26
Self-boring Pressuremeter - - 4
test (SBPT)

Archaeological SCPTs - - 14

For details of the investigations, including logs, in situ and laboratory testing results, monitoring data etc
please refer to the relevant factual ground investigation reports. A detailed summary of all groundwater
monitoring is provided in the Groundwater Report (1168-10-223-RE-001-PD1).

4.3.2 Ground Investigation Report

Refer to Geotechnics Limited’s report on Ground Investigation, A63 Castle Street Improvement (October
2013) for all factual information.

4.3.3 Results of In situ tests

Refer to Geotechnics Ground Investigation, A63 Castle Street Improvement (October 2013) for details of the
insitu testing undertaken for the scheme. In addition a summary of permeability test results is provided in the
Groundwater Report (1168-10-223-RE-001-PD1).

4.4 Drainage Studies

Not Used.

4.5 Geophysical Surveys

Whilst downhole geophysical testing was not undertaken within the bored / cored boreholes, the following
geophysical techniques were utilised whilst undertaking the Static Cone Penetration Testing (SCPT) as part

of the methods used to form the parametric analysis:

e Seismic Cone Penetration Tests.
o Magnetometer Cone Testing (for UXO clearance).
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4.6 Pile Tests
No pile tests were carried during the site investigation phase of the work.

4.7 Other Fieldwork

4.7.1 Aerial Imagery

A LiDAR aerial image was commissioned for the proposed scheme. In addition recent aerial photography of
the Hull region is available from on-line resources.

4.7.2 Pumping Test

Due to the expected sub-artesian conditions and high upwards pressures from the chalk groundwater,
methods of construction for the proposed Mytongate Junction underpass during feasibility phases
considered the possibility of dewatering the top of the chalk. There was insufficient existing information,
however, to define parameters required to confirm the impacts of dewatering the junction.

Therefore, Grontmij installed two new boreholes in the chalk and overlying drift close to Mytongate Junction,
with a view to test-pumping both boreholes and analysing the results to determine aquifer parameters.

The Pumping Test Report - 1168-10-223-RE-002-PD1 provided detailed information regarding the set up,
construction, testing and analysis of this part of the GI.

Two new boreholes were drilled into the chalk (LDBHO1) and overlying drift (LDBH02). These are located
approximately 30 m southeast of the Mytongate Junction. LDBHO1 and LDBHO2 are 2.5 m apart. A
summary of the borehole details are provided in the table below.

Table 4.4 - LDBHO1 and LDBHO02 construction details

LDBHO1 LDBHO02

Construction Date
26 Nov 13 14 Nov 13

Location (NGR)
509380.4 428334.3 | 509378.4 428332.9

Ground level (m
AOD) 4.674 4.657

Total depth (m bgl)

50 22
Top and bottom of
monitored aquifer Chalk Glacial Till
unit (m bgl)

(28.6 — 50) (11.3-19)
Monitored interval
(m bgl) 32.7-50 14 - 18.5
Rest water level (m
bgl) 1.48 — 6.31 0.34-0.95

Insufficient water was found in the drift horizons during drilling of the drift borehole LDBH02 and therefore a
pumping test could not be undertaken from this borehole.
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A three day constant rate pumping test was undertaken at LDBHO1 by a specialist contractor in December
2013. Several of the Gl boreholes were monitored during this period. Analysis of the test data and
background monitoring was undertaken to provide an understanding of the interaction between chalk and
drift aquifers and between the chalk aquifer and the Humber estuary.

The assessment provided supplementary hydrogeological information for the preliminary design. In addition

the information was utilised for the production of the groundwater model required for the Environmental
Impact Assessment (EIA) for the scheme.

Refer to the following reports for a detailed discussion of the findings:

e The Groundwater Report - 1168-10-223-RE-001-PD1
e The Pumping Test Report - 1168-10-223-RE-002-PD1
e The Groundwater Modelling Report - 1168-10-223-RE-003-PD1

Note: these reports form appendices to the Road Drainage and Water Environment Chapter of the
Environmental Statement (MMGJV, 2014 Reference to be confirmed).

4.7.3 Structural Inspection
A structural inspection survey was undertaken by MMGJV.

The inspection comprised the visual and non-intrusive survey on ten structures of varying age surrounding
the Mytongate roundabout.

The purpose of the survey was to visually assess the current exterior and report (any) defects present prior
to the commencement of the pumping testing.

A full and detailed discussion of the findings is contained within the MMGJV Structural Inspection Report
(September, 2013).

4.7.4 Unexploded Ordnance

During the commissioning of the recent site investigation works it was recognised that there was a
requirement to revisit the risks identified in the original desk study.

An Explosive Ordnance Desk Study was commissioned by Geotechnics Ltd and conducted by EOD
Contracts Ltd (2013). The purpose of this study was to review the existing BACTEC report in line with the
planned geotechnical investigation, and to revisit / refine the mitigation requirements.

Full details of the EOD report are contained within Volume 2 of the Geotechnics Ground Investigation at A63
Castle Street Improvement (October 2013).

The following risk mitigation measures have been extracted from the full report in order to highlight the
salient points / measures identified in the report:

o A requirement for UXO safety monitoring of all the “at risk” excavations, including geotechnical or
archaeological trial pits.

e Cable Percussive boring and rotary coring should be pre-checked using a magnetometer cone.

e A UXO Safety and Awareness Presentation (Toolbox) should be given to all personnel, undertaking
excavation works.

e Static cones should be pre-checked using the magnetometer cone.

e Self boring pressuremeters should be pre-checked using the magnetometer cone.
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e Prior to any intrusive piling or drilling commencing, UXO safety testing and appropriate clearance
certification into the ground to sufficient depth to provide clearance from UXO.

4.7.5 Contamination Assessment

A contamination assessment formed part of the 2013 Geotechnics site investigation. The information
derived from the site investigation was used to update an existing conceptual site model. The site
investigation identified several sources of contamination which include (though are not limited to) the
following:

Localised Hydrocarbons.

Heavy metals and organics.
Localised areas of asbestos.
Elevated copper concentrations.
High conductivity of groundwater.

Refer to the Ground Contamination Assessment 1168-10-211-RE-001 for a full discussion of the findings
and interpretation of results.

4.7.8 Future Investigations

To date no ground investigation or archaeological investigation works have been carried out within the Trinity
Burial Ground (TBG) due to permission constraints and concern over disturbing human remains.

A future ground investigation is required within Trinity Burial Ground to inform the temporary works design,
the permanent works design and the proposed burial ground clearance works.

The ground investigation or archaeological evaluation works within the burial ground would serve to:

e Provide additional data' on ground conditions and fill ‘gaps’ from ground investigations completed to
date.
¢ Inform the design of the westbound diverge slip road.
¢ Inform the design of the temporary and permanent works within the TBG.
e Provide information on the likely number, depth and condition of the remains to inform the
archaeological evaluation and clearance of TBG.
4.8 Laboratory Investigation

4.8.1 Description of tests

Table 4.4 and 4.5 summarise the geotechnical laboratory testing carried out across the scheme. This
includes the number of test from all previous investigations.

Table 4.4 — Laboratory Testing undertaken on Soils.
Type of test No. of tests undertaken Testing Standard

BS 1377
Moisture content 218 BS 1377 (1990) Part 2.3
- 120
Atterberg limits BS 1377 (1990) Part 2.4 & 2.5
Particle size distribution (PSD) 51 BS 1377 (1990) Part 2:9
Sedimentation 39 BS 1377 (1990) Part 2:9

! Geotechnical, hydrogeological, environmental (contamination) and archaeological
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Type of test No. of tests undertaken Testing Standard
BS 1377
Undrained shear strength BS 1377 (1990) Part 7
Bulk Density 29 BS 1377 (1990) Part 2
Chemical testing: 262

BS 1377 (1990) Part 3
pH, water soluble sulphate,

Organic Matter 20 BS 1377 (1990) Part 3.3
Californian Bearing Ratio (CBR) - recompacted 1 BS 1377 (1990) Part 4.7
One dimensional consolidation 36 BS 1377 (1990) Part 5.3
Quick Undrained Triaxial (single stage) 51 BS 1377 (1990) Part 7.9
Quick Undrained Triaxial (multi-stage) 25 BS 1377 (1990) Part 7.9
Soluble Suplhate, Acid Soluble Sulphate, Total 25 BRE Special Digest 1 Suite
Sulphur, pH
Table 4.5 — Laboratory Testing undertaken on Chalk
Laboratory Test No. of tests undertaken Testing Standard
ISRM
Consolidated Undrained Triaxial Test 14 BS 1377 (1990) Part 8.7
Point load 66 ISRM (1985)
Bnconfllned. Compressive Strength 17 ISRM (1985)
etermination

Details of the contamination testing undertaken can be found in the Ground Contamination Assessment
1168-10-211-RE-001 (2014).

4.8.2 Copies of Test Results

Please refer to the ground investigation report listed in section 4.3.2 for laboratory testing results.
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5 Ground Summary

5.1 Topography and Land Use

The section of the existing A63 to be improved runs from the former junction with Porter Street in the west
(Chainage 0) to just beyond the Market Place Junction in east (Chainage 1250) with the signalised
Mytongate Junction (Chainage 450 to 550) located slightly west of the centre of the scheme. The existing
dual carriageway and the side roads that join at the Mytongate Junction are generally at grade and
constructed at existing ground level that generally varies from 3.0m to 4.5m above ordnance datum (OD).

5.2 Geology

The general geological sequence underlying the scheme is well understood and has been confirmed with
thorough an additional extensive ground investigation undertaken in 2013. Whilst the recent investigation
was comprehensive, it should be noted that as with any form of investigation techniques there is the potential
for localised lateral and vertical variations outside those identified during the investigation.

Geological long sections reference 1168-09-01-DR-004, 1168-09-01-DR-005 and cross section 1168-09-01-
DR-015 are included within Section 9 of this report.

Superficial Deposits

The information contained within the 2013 investigation, together with the available geological maps
indicates extensive drift deposits are present across the site. The superficial deposits are summarised in
table 5.1, and described below:

Made ground

Made ground comprising both granular and cohesive material, is recorded across the full extent of the
scheme. The greatest thickness is recorded between Chainage 850 and Chainage 890, near the Humber
Docks. Generally the thickness of the made ground is variable across the site, with thicknesses ranging from
a minimum of 0.3m to a maximum of 13m. Trial pits undertaken identified old walls, floors and foundations,
old service pipes and an old brick culvert between 0.5 and 2.2m depth.

The granular made ground is encountered from the surface to a maximum recorded depth of 13m. The
granular made ground has a maximum recorded stratum thickness of 9.2m. Locally multiple granular strata
are present interbedded with cohesive made ground.

The granular made ground is typically described as slightly gravelly to very gravelly clayey to silty SAND with
occasional cobbles. Gravel is fine to coarse limestone, sandstone, flint, brick and concrete. Cobbles typically
comprise chalk, brick or concrete.

The cohesive made ground occurs from the surface to a maximum depth of 12m and has a maximum
recorded strata thickness of 8m. Cohesive made ground is typically a soft to firm, slightly sandy to sandy,
slightly gravelly to gravelly CLAY.

Cohesive Alluvium

Cohesive alluvium is encountered directly below the made ground, and extends across the whole of the site.
The Cohesive Alluvium occurs at a minimum depth of 0.6m to a maximum depth of 15.75m. The thickness of
the deposits varies from 0.7m to 11.6m.
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The Cohesive Alluvium is described as very soft to soft, locally firm slightly sandy CLAY with some peat
pockets and bands of organic material. In some areas the cohesive alluvium is described as sandy SILT.
Locally peat and granular alluvium are interbedded within the alluvium.

Granular Alluvium

Granular deposits were encountered mainly towards the eastern extent of the site at chainages over
Chainage 600. The granular alluvium was encountered directly under the cohesive alluvium, and was
recorded between a minimum depth of 4.1m and a maximum depth of 24.0m. The thickness of the deposit
varies between 0.05m and 13.6m. The greatest thickness was in the area of the Humber Docks.

The deposits were described as slightly silty to silty, gravelly SAND and sandy GRAVEL with occasional
cobbles. The gravel is of various lithologies including flint and chalk.

Comparison between field descriptions and particle size distribution data confirms that the deposits may be
described as slightly silty to silty, gravelly SAND to sandy GRAVEL with occasional cobbles.

Layers of relict Peat and organic lenses were found within the alluvium deposits. These layers are
discontinuous and were encountered mainly towards the middle and western extent of the site. The peat,
where present, varies between 0.2m and 1.75m at depths ranging from 6.85m to 22.6m.

The peat layers were described as firm brown to black slightly clayey pseudo-fibrous PEAT. Locally the peat
was described as soft or very soft.

Cohesive Glacial Till

Glacial Till was encountered directly below the alluvium, and extended under the majority of the site,
excluding the area of the Humber Docks where it was noted to be absent. It was encountered between a
minimum depth of 8.2m and a maximum depth of 23.5m. The individual layer thickness varied between 0.4m
and 6.75m.

The cohesive glacial till is described as firm to stiff slightly sandy to sandy slightly gravelly to gravelly CLAY.
The gravel is fine to medium of chalk and some flint.

Glaciolacustrine

Glaciolacustrine deposits comprising firm to stiff thinly laminated slightly sandy CLAY are found extensively
across the site typically underlying the glacial till but occasionally immediately underlying the alluvium. The
deposits were encountered between a minimum depth of 13.3m, and a maximum depth of 26.6m, with a
thickness of between 3.4m and 9.7m. The greatest thickness of the deposits is towards the middle and
western side of the site. Generally the deposit thins towards the east.

Fluvio-Glacial

The Fluvio-Glacial deposits described as silty to very silty gravelly SAND to sandy GRAVEL (gravel is of
chalk and flint) overlay the chalk bedrock across the majority of the site with the greatest thickness towards
to eastern end of the site. The deposits are encountered between a minimum depth of 19 m and a maximum
depth of 33.6 m and vary in thickness between 0.96m and 9.6m.

Solid Geology

Chalk

The site is underlain by sedimentary deposits of Cretaceous age — the Burnham Chalk Formation. This unit
is typically between 100 m to 150 m thick. It is described as predominantly thinly bedded with tabular and
lenticular flints.

The bedrock was encountered across the site. A layer of weathered chalk overlaying more intact chalk is
characteristic of the upper horizon. The weathered chalk is present from a minimum recorded depth of 20.6
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m (-17.94 m OD) in Borehole BH04 to a maximum depth of 33.6 m (-28.96 m OD) in Borehole BH45. The

maximum recorded thickness of weathered chalk is 9 m, and the average thickness is 4.6 m.

The weathered chalk described as structureless ranges in strength from very weak to medium. It is generally

recovered as strong sub-angular to angular gravel and cobbles. Flints are recorded throughout.

Structure

There are no known geological feature (faulting, dissolution etc) indicated within the available published

maps or memoirs.

Table 5.1 — Summary of the general strata and units underlying the site.

Stratum

Made Ground

Unit

Cohesive

Clay and ash fill

Granular

Gravel of brick, concrete, mixed natural rock

Notes

Variable compositions across the scheme

Superficial Cohesive Alluvium Continuous across the site
Alluvium
Clay and silt
Granular Alluvium Not found to be present west of Mytongate Junction
Sand and gravel
Relic Peat & Organic Lenses Discontinuous Lenses
The peat is seen as a firm consolidated layer rather
than the familiar compressible material.
Superficial Glacial Till Continuous west of Mytongate potential
Glacial discontinuous further east
Sandy gravelly clay
Glaciolacustrine Continuous layer to the west of Mytongate, and
discontinuous further east
Laminated clay and silt
Fluvio-Glacial Relatively continuous
Chalk gravel with sand
Bedrock Chalk Continuous, weathered in upper few meters,
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Stratum Unit Notes

undulating rock head level.

Cretaceous Chalk of the Burnham Chalk Formation.
This unit is typically in the region of 100 to 150m thick

and is predominantly thinly bedded and characterised

by continuous tabular and lenticular flints

5.3 Hydrology

For details of the hydrology regime across the scheme area refer to Chapter 11 of the Environmental
Statement Scoping Report (MMGJV, 2013).

5.4 Hydrogeology

Refer to the following reports for a detailed discussion of the findings:

e The Groundwater Report - 1168-10-223-RE-001-PD1.
e The Pumping Test Report - 1168-10-223-RE-002-PD1.

Monitoring data and hydrographs are presented in the above reports. Groundwater strikes are presented in
Appendix B.

During the Gl and subsequent post site work monitoring groundwater has been found in all of the main
geological layers. Observations, permeability testing and supporting desk study show that the hydrogeology
of the main strata can be summarised as follows: -

Made ground — Aquifer or aquitard depending on material composition (commonly dry but with some
perched groundwater).

Cohesive alluvium — Aquitard
Granular alluvium — Aquifer

Glacial till — Aquitard
Glaciolacustrine deposits — Aquitard

Fluvio-glacial deposits — Aquifer

Chalk — Aquifer
In reality the geological sequence and hydrogeology across the Project footprint is more complex.

Other than the made ground, the permeable superficial deposits are generally confined though there may be
some localised unconfined units.

Groundwater Levels
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The groundwater levels recorded during the Gl and subsequent monitoring are presented in the form of
hydrographs, and discussed in detail in the Groundwater Report (report no. 1168-10-223-RE-001-PD1,). The
text below summarises the main findings.

Made ground water levels were only monitored at two boreholes and typically ranged from 2.5 to 3.0 m AOD.
The nature of the made ground suggests that perched aquifers are laterally and possibly vertically
discontinuous, but this cannot be confirmed from the limited data currently available.

Groundwater heads within the natural superficial deposits overlying the fluvio-glacial deposits are typically
between -0.5 and 1.5 m AOD. Within the fluvio-glacial deposits, which directly overlie and are in hydraulic
continuity with the Chalk, the range is typically -1 to 2.5 m AOD due to the tidal impact. For comparison,
ground level is around 3 m AOD.

Groundwater heads in the granular alluvium generally, but not always, show a small tidal impact. This
increases towards the eastern end of the construction footprint (particularly in BH46, where the diurnal range
in water level was up to 0.4 m), which suggests a degree of hydraulic continuity with the tidal River Hull.

Water levels in some boreholes with response zones in cohesive alluvium also exhibit a very small,
measurable tidal response (0.1m or less), but water levels in others do not. If present, the tidal response
seen in the superficial deposits (other than the fluvio-glacial layer, which is in direct hydraulic continuity with
the underlying Chalk) is always dampened and delayed in comparison to that seen in the Chalk.

The hydrographs presented in the Groundwater Report (report no. 1168-10-223-RE-001-PD1) for the
superficial deposits boreholes do not show any obvious groundwater level response to individual rainfall
events, possibly because the monitoring coincided with a relatively dry period and/or because most of the
superficial deposits are confined.

Chalk groundwater heads have typically varied between -1.5 and 2.5 m AOD over the monitoring period.
The most significant impact on groundwater heads has been the mixed semi diurnal tidal impact from the
Humber Estuary, with the groundwater heads fluctuating by up to 3m during spring tides and 1.5m during
neap tides. Groundwater in the Chalk rose by around 4m during the tidal surge event which occurred on 5
December 2013.

The lag time between tides in the Humber Estuary and the tidal variations seen in the Chalk within the
Project footprint has been measured between 48 and 63 minutes. Variations in the tidal lag show that there
is anisotropy within the Chalk.

The current dataset does not show any obvious responses to rainfall events. Although this may be because
there were no major rainfall events in Hull during the monitoring period, it is more likely to be because the
Chalk is strongly confined beneath Hull, with recharge largely occurring over the Chalk outcrop in the
Yorkshire Wolds, some distance from the Project.

Groundwater Flow

Monitoring to date does not indicate a measurable hydraulic gradient in any of the superficial deposits,
except in the granular alluvium across the eastern part of the construction footprint. Here, the hydraulic
gradient (and groundwater flow) appears to have an east to west component.

In general, the local hydraulic gradient in the Chalk is slightly to the north during high tide, and more or less
flat during low tide. Monitoring to date does not indicate that there is a regional hydraulic gradient within the
Chalk, although the groundwater model (see Groundwater Modelling Report, 1168-10-223-RE-003-PD1)
suggests that groundwater flow is to the south, towards the Humber Estuary.

Depending on the state of the tide, between aquifer units, there is either no vertical hydraulic gradient
between the superficial deposits and the Chalk, or a slight downwards hydraulic gradient. The data suggests
that leakage between aquifer units is minimal except where the more impermeable superficial deposits thin
towards the eastern end of the construction footprint.
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Groundwater quality sampling is summarised in the Ground Contamination Assessment 1168-10-211-RE-
001 (2014).

5.5 Geomorphology

Not Used.

5.6 Man-made features

The principal man-made features that are affected by the scheme are as follows:

e The proposed westbound carriageway and associated footpath encroaches on land that was
formerly a dock between Chainage 770 and Chainage 910, in these area alterations to the wall
forming the historical dock boundary will be required.

e The proposed horizontal alignment of the mainline deviates from the existing alignment between
Chainage 350 and Chainage 1050 where the proposed alignment is south of the existing alignment
and encroaches on to the land currently forming the Trinity Burial Ground. It is proposed to clear this
section of the burial ground prior to the commencement of construction works.

The following services are known to exist along the scheme:

Open reach Equipment.
Kingston Communications.
National Power grid (L.V, 11 kV).
Northern Gas Networks.

Water.

Sewerage.

Details of the anticipated utilities within the site area are shown in Table UT1 in Section 7.
5.7 Historical Development

Refer to Section 3.1.

5.8 Obstructions

Obstruction encountered during the site investigation was as follows:

¢ Shallow foundations and buried structures around William Booth House
e Buried basement / foundations encountered in trial pits within the Mytongate roundabout.
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6 Ground Conditions

The geotechnical properties for the superficial materials are summarised in this section, ‘Ground Conditions’.
Ground conditions are summarised in Section 5 with test results presented in the Geotechnics Limited’s
report on Ground Investigation, A63 Castle Street Improvement (October 2013).

6.1 Topsoil

A thin cover of topsoil is present across isolated areas of the site, generally between 0.1 and 0.2m thick.
There was no laboratory geotechnical testing undertaken for topsoil as it is anticipated that any topsoil
present beneath the area will be removed prior to construction.

6.2 Made Ground

Table 6.1 — Summary of testing on Granular Made Ground

Type of Test ‘ No. of tests undertaken Results
In situ:

28 0 to >50 (17 Average)
Standard Penetration Test (SPT)

Made ground, both granular and cohesive, has been encountered across the full extent of the area. It is
present in the most significant thicknesses at between Chainage 850 and Chainage 900, near the Humber
Docks. The thickness of the made ground is variable across the site, ranging from a minimum of 0.6m to a
maximum of 13m. Trial pits have identified old walls, floors and foundations, old service pipes and an old
brick culvert within the made ground between 0.5 m bgl and 2.2 m bgl.

The granular made ground occurs from the surface to a maximum recorded depth of 13m. The granular
made ground has a maximum recorded stratum thickness of 9.2m although on occasion multiple granular
strata are interbedded with cohesive made ground. Between Ch. 850 and Ch. 900 three layers of granular
made ground are present, interbedded with two layers of cohesive made ground. The top layer of granular
made ground is present from the surface to a maximum depth of 1.2m. The middle layer of granular made
ground is present from a minimum depth of 0.6 m to a maximum depth of 9.8 m, with thickness ranging from
0.2m to 9.2m. The bottom layer of granular made ground is present from a minimum depth of 7.8m to a
maximum depth of 13m, with thickness ranging from 0.2m to 1m.

Field descriptions confirm that the granular made ground is typically a slightly to very gravelly clayey to silty
SAND with occasional cobbles. Gravel is fine to coarse limestone, sandstone, flint, brick and concrete.
Cobbles typically comprise chalk, brick or concrete.

SPT ‘N’ Values indicate that the material is generally medium dense. The results are presented in figure
6.2.1; they indicate a highly variable material and show no obvious variation with depth.
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Based moderately conservatively on the SPT N values, a characteristic friction angle, ¢’ of 31 degrees has
been selected. The friction angle has been derived using the empirical relationship with SPT ‘N’ from Peck
et al (1974). All characteristic values are moderately conservative and derived by a statistical method, which
takes the characteristic value of a set of data as the mean value minus the standard deviation multiplied by a
factor dependant on the number of values in the data set.

The modulus of elasticity has been derived based on empirical relationships with SPT ‘N’ contained within
Ciria Report 143 (1995), where E’ is shown to be 1.0 N (MN/mz) for granular material. On this basis an E’ of
13.6 MN/m? was considered to be an appropriate characteristic value.

Due to the limited geotechnical information available, a unit weight, y, of 19 kN/m® has been selected for the
granular made ground, based on published values (Barnes, 2000).

Table 6.2 — Summary of testing on Cohesive Made Ground

Type of Test ‘ No. of tests undertaken Results
In situ:
Standard Penetration Test (SPT) 46
0 to 12 (average 4)
Laboratory:
Particle Size Distribution (PSD) 2 See text
Moisture Content 17 26 to 64 % (average 38%)
LL: 26 to 86 % (average 44%)
Atterberg Limits 15 PL: 17 to 28 % (average 22%)
Pl: 17 to 37 % (average 23%)
Triaxial test 14 20 to 40 kN/m” (average 29 kN/m?)
Bulk Density 10 1.73 to 1.97 Mg/m® (average 1.89 Mg/m°)
M,: 0.12 to 0.97 m?MN (average 0.50 m?MN)
Oedometer Test 4 2
Cwo: 30 to 16.9 m‘year (average
8.11m?/year)

The cohesive made ground occurs from the surface to a maximum depth of 12 m and has a maximum
recorded strata thickness of 10.5 m.

Between Ch. 850 and Ch. 900 two layers of cohesive made ground are present, interbedded between three
layers of granular made ground. The upper layer of cohesive made ground is present from a minimum depth
of 0.1 m to a maximum depth of 6.5 m, and is between 0.5 and 6.1m thick. The lower layer of cohesive made
ground is present between a minimum depth of 6.7 m to a maximum depth of 12 m, and ranges in thickness
from 0.1 mto 5.3 m.
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Comparison between field descriptions and particle size distribution data confirms that the cohesive made
ground is typically a slightly gravelly to gravelly slightly sandy to sandy CLAY with a low cobble content in
some areas. Cobbles typically comprise chalk, brick or concrete.

The laboratory testing indicates the material is typically low strength. The results are presented in figure
6.2.2. They show no obvious variation with depth.

Atterberg limit tests on the cohesive made ground indicate a plasticity range from low to very high, with the
majority of the results falling into the intermediate category, as shown in figure 6.2.3. Plasticity index results
are summarised in figure 6.2.4, and are generally between 15 and 25 % and do not vary with depth.

Based on a moderately conservative plasticity index, a characteristic friction angle, ¢ of 27 degrees has
been selected. The friction angle has been derived from an empirical relationship between angle of friction
and plasticity index for cohesive soils (Gibson, 1953).

The modulus of elasticity has been derived based on empirical relationships with SPT ‘N’ contained within
Ciria Report 143 (1995), where E’ is approximated to be equal to 0.9N (MN/mz) and E, is approximated to be
11N (MN/m?) for cohesive soils. On this basis an E’ of 1.96 MN/m® and an E, of 2.40 MN/m* were
considered to be appropriate characteristic values.

The undrained shear strength, c,, was derived from a combination of the results from the triaxial tests, the
SCPT pressuremeter tests, the SBPM tests and the SPTs as shown in figure 6.2.5. The triaxial, SCPT and
SBPM testing all gave direct results in terms of c¢,, while c, was derived from the SPT ‘N’ values using the
empirical relationship given by Stroud (1974). The characteristic c, was derived using a statistical approach
for all of these results combined, and on this basis a value of 16kN/m? has been deemed to be appropriate.

Based on the results from the laboratory bulk density shown in figure 6.2.6 testing a characteristic value of
19 kN/m*® has been derived.

Oedometer tests gave results for the coefficient of volume compressibility, m,, and the coefficient of
consolidation, C, as shown in figures 6.2.7 and 6.2.8 respectively. Characteristic values were derived
statistically from these results, giving an m, of 0.61 m?MN and a Cygo Of 10.1 m2/year.

6.3 Superficial and Solid

Cohesive Alluvium

Table 6.3 — Summary of testing on Cohesive Alluvium

Type of Test ‘ No. of tests undertaken Results

In situ:

Standard Penetration Test (SPT) 188 0to 19 (2 average)

Permeability (falling head test) 3 7.43E-07 to 2.68E-06 (Average 1.39E-06) k
Permeability (constant head test) 5 9.36E-06 to 1.81E-05 (Average 1.15E-05) k
Laboratory:
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Type of Test ‘ No. of tests undertaken Results
Particle Size Distribution (PSD) 7 See text
Moisture Content 75 23 to 68% (39% average)

LL: 27 to 78 % (average 42%)
Atterberg Limits 59 PL: 19 to 38 % (average 22%)

PI: 13 to 48 % (average 21%)

Triaxial Test 91 1 to 47 kN/m? (average 21 kN/m?)

Bulk Density 46 1.2 to 2.62 Mg/m® (average 1.82 Mg/m®)

M,: 0.14 to 3.67 m%MN (average 0.90 m*/MN)
Oedometer 23

Cuyso: 0.8 to 31.5 m’/year (average 7.7m’/year)

Cohesive alluvium is present beneath the made ground across the whole of the site. The cohesive alluvium
occurs at a minimum depth of 0.6 m to a maximum depth of 15.75 m. The thickness of the stratum varies
from 0.7 to 11.6m, although on occasion peat and granular alluvium strata are present interbedded with the
cohesive alluvium.

Field logs generally describe the deposits as very soft to soft, locally firm slightly sandy CLAY with some peat
pockets and bands of organic material. In some areas the cohesive alluvium is described as sandy SILT.

Comparison between field descriptions and particle size distribution data shows that all of the cohesive
alluvial deposits may be described as slightly sandy CLAY/SILT. It is slightly gravelly in some areas.

Laboratory testing indicates that the material is generally very low strength to low strength, locally medium
strength. The results are shown in figures 6.3.1 to 6.3.3, and show a medium strength/firm crust at the top of
the alluvium, as well as a slight stiffening of the very low strength material with depth.

The results of permeability testing are shown in figure 6.3.11. The tests gave a minimum permeability of
7.43E-07 and a maximum permeability of 1.81E-05. The results indicate that the material has a low degree
of permeability.

Atterberg limit tests on the cohesive alluvium indicate a plasticity range from low to very high, with the
majority of the results falling into the intermediate category, as shown in figure 6.3.4. Plasticity index results
are summarised in figure 6.3.5, and are generally between 10 and 30 % and do not vary with depth.

Based moderately conservatively on plasticity index, a characteristic friction angle, ¢’ of 28 degrees has been
selected. The friction angle has been derived from an empirical relationship between angle of friction and
plasticity index for cohesive soils (Gibson, 1953).

The modulus of elasticity has been derived based on a relationship with undrained shear strength, where E’
has been approximated to be 100C, (MN/mz) (Yandzio, 1998) and E, has been approximated to be 1.25 E’.
It was found that elasticity of the cohesive alluvium was significantly different above and below a depth of
approximately 8 m, and correspondingly different characteristic values were derived for above and below 8
m bgl. At greater than 8 m bgl the elasticity was found to increase linearly with depth. On this basis an E’ of
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0.80 MN/m? for above 8 m bgl was considered to be an appropriate characteristic value. Below 8 m bgl a
characteristic relationship with depth was derived of E’ equals 0.80 MN/m? plus an increase of 0.4 MN/m? for
every metre increase in depth. Similarly an E, of 1.00 MN/m” for above 8 m bgl was selected as the
characteristic value. Below 8 m bgl a characteristic relationship with depth was derived of E, equals 1.00
MN/m? plus an increase of 0.5 MN/m? for every metre increase in depth.

The undrained shear strength, c,, was derived from a combination of results from triaxial tests, SCPT
pressuremeter testing, SBPM testing and the SPT tests as shown in figures 6.3.6 and 6.3.7. The triaxial,
SCPT and SBPM testing all gave direct results in terms of c,, while ¢, was derived from the SPT ‘N’ values
and using the empirical relationship given by Stroud (1974). A Characteristic ¢, was derived for above 8 m
bgl, and, as with the elasticity, a characteristic relationship of c, increasing with depth was derived for below
8 m bgl. On this basis a ¢, of 8 kN/m? for above 8 m bgl was considered to be an appropriate characteristic
value. Below 8 m bgl a characteristic relationship with depth was derived of c, equals 8 kN/m? plus an
increase of 4 kN/m” for every metre increase in depth.

Based on the results from the laboratory bulk density testing (figure 6.3.8) a characteristic value of 18 kN/m®
has been derived.

Oedometer tests gave results for the coefficient of volume compressibility, m,, and the coefficient of
consolidation, C, as shown in figures 6.3.9 and 6.3.10 respectively. Characteristic values were derived
statistically from these results, giving an m, of 1.03 m?/MN and a C,g of 8.9 m2/year.

Granular Alluvium

Table 6.4 — Summary of testing on Granular Alluvium

Type of Test ‘ No. of tests undertaken Results

In situ:

Standard Penetration Test (SPT) 113 1to >50 (average 19)

Permeability (falling head test) 1 1.01E-05 k

Permeability (constant head test) 15 1.05E-05 to 4.57E-05 (Average 2.40E-05) k
Laboratory:

Particle Size Distribution (PSD) 16 See text

Granular alluvium deposits were encountered mainly in the eastern side of the site, underlying the cohesive
alluvium at chainages greater than about 600m. It was found between a minimum depth of 4.1 m and a
maximum depth of 24.0 m. The thickness of the deposit, where present, varies between 0.05m and 13.6m,
and is at its thickest in the area of the Humber Docks.

The deposits were described as slightly silty to silty, gravelly SAND to sandy GRAVEL with occasional
cobbles. The gravel is of various lithologies including flint and chalk.

Comparison between field descriptions and particle size distribution data confirms that the deposits may be
described as slightly silty to silty, gravelly SAND to sandy GRAVEL with occasional cobbles.
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SPT ‘N’ values indicate that the material is generally medium dense. The results are presented in figure
6.4.1 and show an increase in density with depth.

The results of the permeability testing are shown in figure 6.4.2. The tests gave a minimum permeability of
1.01E-05 and a maximum permeability of 4.57E-05. The results indicate that the material has a low degree
of permeability.

Based moderately conservatively on the SPT N values, a characteristic friction angle, ¢’ of 31 degrees has
been selected. The friction angle has been derived using the empirical relationship with SPT ‘N’ from Peck
et al (1974).

The modulus of elasticity has been derived based on empirical relationships with SPT ‘N’ contained within
Ciria Report 143 (1995), where E’ is approximated to be 1.0N (MN/mz) for granular material. On this basis
an E’ of 13.7MN/m? was considered to be an appropriate characteristic value.

Due to the limited geotechnical information available, a unit weight, y, of 19 kN/m® has been selected for the
granular made ground, based on published values (Barnes, 2000).

Relic Peat and Organic Lenses

Table 6.5 — Summary of testing on Relic Peat and Organic Lenses

Type of Test ‘ No. of tests undertaken Results

In situ:

Standard Penetration Test (SPT) 7 5to 34 (18 average)
Laboratory:

Moisture Content 4 8110 190 % (117 % average)

LL: 38 to 48 % (average 44 %)
Atterberg Limits 3 PL: 25 to 36 % (average 29 %)

Pl: 22 to 50 % (average 35 %)

Triaxial Test 10 35 to 50 kN/m” (average 43 kN/m®)

Bulk Density 3 1.27 to 1.41 Mg/m3 (average 1.33)

M,: 0.37 to 0.65 m%MN (average 0.48 m*/MN)
Oedometer 1

Cyeo: 0.8 to 7.8 m/year (average 3.8 m?/year)

Layers of Relic Peat and organic lenses were encountered within the alluvium deposits. These layers are
discontinuous and were encountered mainly in the middle and western areas of the site. The peat layers,
where present, vary between 0.2m and 1.75m thickness and were encountered at depths ranging from 6.85
m to 22.6 m.
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Throughout the majority of the site the peat layers were described as firm brown to black slightly clayey
pseudo fibrous PEAT. However in some boreholes up to a chainage of 500 m the peat is described as soft or
very soft.

SPT ‘N’ values indicate that the material is generally medium dense. The results are presented in figure
6.5.1 and show that the peat has been compacted to a reasonable density.

Atterberg limit tests on the peat indicate an intermediate plasticity, with all the results shown to be clayey, as
shown in figure 6.5.2. Plasticity index results are summarised in figure 6.5.3, and are between 20 and 50 %.

Based moderately conservatively on plasticity index, a characteristic friction angle, ¢ of 20.5 degrees has
been selected. The friction angle has been derived from an empirical relationship between angle of friction
and plasticity index for cohesive soils (Gibson, 1953).

The modulus of elasticity has been derived based on empirical relationships with SPT ‘N’ contained within
Ciria Report 143 (1995), where E’ is approximated to be 0.9N (MN/mz) and E, is approximated to be 1.1N
(MN/mz) for cohesive material. On this basis an E’ of 5.74 MN/m? and an E, of 7.01 MN/m* were considered
to be appropriate characteristic values.

The undrained shear strength, c,, was derived from a combination or the results from triaxial tests, SCPT
pressuremeter tests, SBPM tests and SPT tests, as shown in figure 6.5.4. The triaxial, SCPT and SBPM
testing all gave direct results in terms of c,, while ¢, was derived from the SPT ‘N’ values and using the
empirical relationship given by Stroud (1974). The Characteristic ¢, was derived using a statistical approach
for all of these results combined, and on this basis a value of 38 kN/m? has been deemed to be appropriate.

Based on the results from the laboratory bulk density testing (Figure 6.5.5) a characteristic value of 13 kN/m®
has been derived.

Oedometer tests gave results for the coefficient of volume compressibility, m,, and the coefficient of
consolidation, C,, as shown in figures 6.5.6 and 6.5.7 respectively. Characteristic values were derived
statistically from these results, giving an m, of 0.56 m?MN and a Cyoo Of 6.36 m2/year.

Cohesive Glacial Till

Table 6.6 — Summary of testing on (cohesive) Glacial Till

Type of Test ‘ No. of tests undertaken Results

In situ:

Standard Penetration Test (SPT) 45 10 to 42 (25 average)

Permeability (falling head test) 4 1.77E-07 to 1.41E-06 (average 4.85E-07) k
Permeability (constant head test) 5 3.03E-06 to 7.00E-06 (average 2.53E-07) k
Laboratory:

Particle Size Distribution (PSD) 10 See text

Moisture Content 14 12 to 28 % (19% average)
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Type of Test ‘ No. of tests undertaken Results
LL: 39 to 73 % (average 47 %)

Atterberg Limits 12 PL: 15 to 25 % (average 21 %)

PI: 11 to 26 % (average 16 %)

Triaxial Test 21 21 to 315 kN/m? (average 180 kN/m?)

Bulk Density 18 2.05 to 2.27 Mg/m® (average 2.19 Mg/m®)

M,: 0.10 to 1.48 m%MN (average 4.40 m*/MN)

Oedometer 4 2
Cwo: 44 to 301 m‘year (average

12.2m?/year)

Glacial till deposits were found to be present and underlying the alluvium in the majority of the site and only
not encountered in the region of the Humber Docks. The glacial till was encountered between a minimum
depth of 8.2 m and a maximum depth of 23.5 m , with the thickness of the layer varying between 0.4m and
6.75m.

The glacial till is predominantly cohesive, and field logs describe the deposits as firm to stiff slightly sandy to
sandy slightly gravelly to gravelly CLAY. The gravel is fine to medium of chalk and some flint.

Comparison between field descriptions and particle size distribution data shows that glacial till is in fact firm
to stiff slightly sandy to sandy slightly gravelly to gravelly SILT.

Laboratory testing indicates that the material is generally medium to very high strength. The results are
presented in figure 6.6.1 and show no apparent relationship with depth.

The results of permeability testing are shown in figure 6.6.8. The tests gave a minimum permeability of
1.77E-07 and a maximum permeability of 7.00E-06. The results indicate that the material has a low degree
of permeability.

Atterberg limit tests on the glacial till indicate a plasticity range from intermediate to very high, with the
majority of the results falling into the intermediate category, as shown in figure 6.6.2. Plasticity index results
are summarised in figure 6.6.3, and are generally between 10 and 20 % and do not vary with depth.

Based moderately conservatively on plasticity index, a characteristic friction angle, ¢’ of 29 degrees has been
selected. The friction angle has been derived from an empirical relationship between angle of friction and
plasticity index for cohesive soils (Gibson, 1953).

The modulus of elasticity has been derived based on a relationship with undrained shear strength, where E’
has been approximated to be 400C, (MN/m?) (Yandzio, 1998) and E, has been approximated to be 1.25 E'.
On this basis an E’ of 45.6MN/m? and an E, of 57.0 MN/m? were considered to be appropriate characteristic
values.

The undrained shear strength, c,, was derived from a combination of the results from triaxial tests, SCPT
pressuremeter tests, SBPM tests and SPT tests, as shown in figure 6.6.4. The triaxial, SCPT and SBPM
testing all gave direct results in terms of c,, while ¢, was derived from the SPT ‘N’ values and using the

Page 33 of 54



_

Project Support Framework (Consultancy) 2011 — 2016 YN HIGHWAYS
Ground Investigation Report AGENCY
A63 Castle Street Improvement, Hull

Safe roads, reliable journeys, informed travellers

empirical relationship given by Stroud (1974). On this basis a value of 114 kN/m? has been deemed to be
appropriate.

Based on the results from the laboratory bulk density testing (figure 6.6.5) a characteristic value of 22 kN/m®
has been derived.

Oedometer tests gave results for the coefficient of volume compressibility, m,, and the coefficient of
consolidation, C,, as shown in figures 6.6.6 and 6.6.7 respectively. Characteristic values were derived
statistically from these results, giving an m, of 0.56 m%MN and a C,go of 15.1 m2/year.

Glaciolacustrine

Table 6.7 — Summary of testing on Glaciolacustrine

Type of Test ‘ No. of tests undertaken Results

In situ:

Standard Penetration Test (SPT) 92 9 to 37 (22 average)
Laboratory:

Particle Size Distribution (PSD) 1 See text

Moisture Content 29 18 to 31 % (26 % average)

LL: 36 to 56 % (average 45 %)
Atterberg Limits 24 PL: 13 to 42 % (average 21 %)

Pl: 15 to 32 % (average 23 %)

Triaxial Test 58 31 to 128 kN/m? (average 74 kN/m?)

Bulk Density 31 1.95 to 2.09 Mg/m’ (average 2.03 Mg/m®)

M,: 0.08 to 1.28 m%MN (average 0.39 m*/MN)
Oedometer 3
Cyso: 9.7 to 65.1 m?/year (25.0 m?/year)

Glaciolacustrine material is present across the entire site area, typically underlying the glacial till but
occasionally immediately underlying the alluvium. The glaciolacustrine was found between a minimum depth
of 13.3 m and a maximum depth of 26.6 m, with a thickness of between 3.4m and 9.7m. The stratum is at its
thickest in the middle and western side of the site, becoming thinner towards the east.

Field logs typically describe the material as firm to stiff thinly laminated slightly sandy CLAY with occasional
sand and silt partings. In some areas the material is slightly gravelly slightly sandy CLAY.

The single particle size distribution test confirms the Glaciolacustrine to be slightly sandy CLAY.

Laboratory testing indicates that the material is generally medium strength. The results are presented in
figure 6.7.1 and show no apparent relationship with depth.
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Atterberg limit tests on the glaciolacustrine indicate a plasticity range from intermediate to high, with the
majority of the results falling into the intermediate category, as shown in figure 6.7.2. Plasticity index results
are summarised in figure 6.7.3, and are generally between 15 and 30 % and do not vary with depth.

Based moderately conservatively on plasticity index, a characteristic friction angle, ¢', of 28 degrees has
been selected. The friction angle has been derived from an empirical relationship between angle of friction
and plasticity index for cohesive soils (Gibson, 1953).

The modulus of elasticity has been derived based on a relationship with undrained shear strength, where E’
has been approximated to be 400C, (MN/m?) (Yandzio, 1998) and E, has been approximated to be 1.25 E’.
On this basis an E’ of 28.0 MN/m? and an E, of 35.0 MN/m? were considered to be appropriate characteristic
values.

The undrained shear strength, c,, was derived from a combination or the results from triaxial tests, SCPT
pressuremeter tests, SBPM tests and SPT tests, as shown in figure 6.7.4. The triaxial, SCPT and SBPM
testing all gave direct results in terms of c,, while ¢, was derived from the SPT ‘N’ values and using the
empirical relationship given by Stroud (1974). On this basis a value of 70 kN/m” has been deemed to be
appropriate.

Based on the results from the laboratory bulk density testing (figure 6.7.5) a characteristic value of 20 kN/m®
has been derived.

Oedometer tests gave results for the coefficient of volume compressibility, m,, and the coefficient of
consolidation, C,, as shown in figures 6.7.6 and 6.7.7 respectively. Characteristic values were derived
statistically from these results, giving an m, of 0.57 m?/MN and a Cyg of 41.4 m2/year.

Fluvio-glacial

Table 6.8 — Summary of testing on Fluvio-glacial

Type of Test ‘ No. of tests undertaken Results

In situ:

Standard Penetration Test (SPT) 94 7 to >50 (36 average)
Laboratory:

Particle Size Distribution (PSD) 15 See text

Fluvio-glacial deposits overlay the chalk bedrock across the majority of the site and are thickest towards the
east end of the site. It is encountered between a minimum depth of 19.0 m and a maximum depth of 33.6 m
and varies in thickness, where encountered, between 0.9m and 9.6m.

Comparison between field descriptions and particle size distribution data confirms that the fluvio-glacial
deposits may be described as silty to very silty gravelly SAND to sandy GRAVEL. Gravel is fine to coarse
predominantly chalk and some flint.
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SPT ‘N’ values indicate that the material is generally dense. The results are presented in figure 6.8.1 and
show no apparent relationship with depth.

Based conservatively on the SPT N values, a characteristic friction angle, ¢’ of 34 degrees has been
selected. The friction angle has been derived using the empirical relationship with SPT ‘N’ from Peck et al
(1974). All characteristic values were derived following the statistical procedure set out in Eurocode EN
1990, which takes the characteristic value of a set of data as the mean value minus the standard deviation
multiplied by a factor dependant on the number of values in the data set.

The modulus of elasticity has been derived based on empirical relationships with SPT ‘N’ contained for over-
consolidated sands, where E’ is approximated to be 1.8+0.75N (MN/m?) (Yandzio, 1998). On this basis an
E’ of 35.5 MN/m? was considered to be an appropriate characteristic value.

Due to the limited geotechnical information available, a unit weight, y, of 19 kN/m® has been selected for the
granular made ground, based on published values (Barnes, 2000).

Table 6.9 — Summary of Soil Parameters

Stratum Material Parameter ‘ Characteristic Value  Rationale Reference

Unit weight (kN/m3) 19 Published value Barnes (2000)

Angle of friction, ¢ (°) Moderately conservative

31 value derived statistically Peck et al (1974)
from SPT results

Drained stiffness, E’ Moderately conservative
Made Ground (MN/m?) 13.6 value derived statistically CIRIA 143 (1995)
(granular) from SPT results

Earth pressure .

coefficient, ko 0.485 1-sing Jaky (1948)

Poisson’s ratio, y 0.3 Engineering Judgement

Unit weight (kN/m3) Average value derived from

19 bulk density tests on
samples

Undrained shear Moderately conservative

strength, value derived from

Cu (kN/mz) 16 combined SP.T, .SBPM,

SCPT and triaxial test
results
Angle of friction, ¢ (°) Moderately conservative
27.4 value derived statistically Gibson (1953)

from plasticity index.

Cohesion, ¢’

KN/ 0 Conservative assumption

Made Ground (kN/m’)

(cohesive) Coefficient of volume Moderately conservative
compressibility, 0.61 value derived statistically
m, (mleN) from oedometer results

Coefficient of Moderately conservative

consolidation, 10.1 value derived statistically

Cueo (M?/year) from oedometer results

Undrained  stiffness, Moderately conservative

E. 2.40 value derived statistically CIRIA 143 (1995)
(MN/m?) from SPT results

Drained stiffness, E’ 1.96 Moderately conservative CIRIA 143 (1995)

value derived from SPT
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Stratum ‘ Material Parameter ‘ Characteristic Value  Rationale Reference
(MN/m*®) results
Earth pressure .
coefficient, ko 0.540 1-sing Jaky (1948)
Poisson’s ratio, y 0.3 Engineering Judgement
Unit weight (kN/m3) Average value derived from
18 bulk density tests on

samples
Undrained shear Moderately conservative
strength, Depths <8 m bgl: 8 value derived from
Cu (KN/m?) Depths >8 m bgl: combined SPT, SBPM,

Cohesive Alluvium

8+(Depth-8)X4

SCPT and triaxial test
results

Angle of friction, ¢ (°)

Moderately conservative

28.3 value derived statistically Gibson (1953)
from plasticity index.

Cohesion, ¢’ . .

2 0 Conservative assumption
(kN/m?)
Coefficient of volume Moderately conservative
compressibility, 1.03 value derived statistically
my (mz/MN) from oedometer results
Coefficient of Moderately conservative
consolidation, 8.9 value derived statistically
Cuso (mzlyear) from oedometer results
Undrained stiffness, Depths <8 m bgl: 1.0
Ey Depths >8 m bgl: 1.0 E, = 1.25E’
(MN/m?) + (Depth-8)X0.5

Drained stiffness, E’
(MN/m?)

Depths <8 m bgl: 0.8

Depths >8 m bgl: 0.8
+ (Depth-8)X0.4

Moderately conservative
value derived from
relationship with Cu

Yandzio (1998)

Earth pressure .
coefficient, ko 0.526 1-sing Jaky (1948)
Poisson’s ratio, y 0.3 Engineering Judgement
Unit weight (kN/m3) 19 Published value Barnes (2000)
Angle of friction, ¢ (°) Moderately conservative
Granular Alluvium 31 value derived statistically Peck et al (1974)
from SPT results
Drained stiffness, E’ Moderately conservative
(MN/mz) 13.7 value derived statistically
from SPT results
Earth pressure .
coefficient, ko 0.526 1-sing Jaky (1948)
Poisson’s ratio, y 0.3 Engineering Judgement
Unit weight (kN/m3) Average value derived from
13 bulk density tests on
samples
Undrained shear Moderately conservative
strength, value derived from
Cu (kN/mz) 38 combined SPT, SBPM,
. SCPT and triaxial test
Relic Peat and results
organic lenses
Angle of friction, ¢ (°) Moderately conservative
21 value derived statistically Gibson (1953)
from plasticity index
Cohesion, ¢’ ) .
2 0 Conservative assumption
(kN/m?)
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Stratum Material Parameter ‘ Characteristic Value  Rationale Reference
Coefficient of volume Moderately conservative
compressibility, 0.56 value derived statistically
m, (mleN) from oedometer results
Coefficient of Moderately conservative
consolidation, 6.4 value derived statistically
Cuso (mzlyear) from oedometer results
Undrained  stiffness, Moderately conservative
E. 7.01 value derived statistically CIRIA 143 (1995)
(MN/m?) from SPT results
Drained stiffness, E’ Moderately conservative
(MN/mz) 5.74 value derived statistically CIRIA 143 (1995)
from SPT results
Earth pressure .
coefficient, ko 0.650 1-sing Jaky (1948)
Poisson’s ratio, y 0.3 Engineering Judgement
Unit weight (kN/m3) Average value derived from
22 bulk density tests on
samples
Undrained shear Moderately conservative
strength, value derived from
Cu (KN/m?) 114 combined SPT, SBPM,
SCPT and triaxial test
results
Angle of friction, ¢ (°) Moderately conservative
29.3 value derived statistically Gibson (1953)
from plasticity index
Cohesion, ¢’ . .
2 0 Conservative assumption
(kN/m?)
Coefficient of volume Moderately conservative
o ) compressibility, 0.56 value derived statistically
Glacial Till (cohesive) | (M2MN) from oedometer results
Coefficient of Moderately conservative
consolidation, 15.1 value derived statistically
Cuso (mzlyear) from oedometer results
Undrained stiffness,
Eu 52.6 E. = 1.5E’/(1+p) Vermeer (1998)
(MN/m?)
Drained stiffness, E’ Moderately conservative
(MN/m?) 45.6 value derived from Yandzio (1998)
relationship with Cu
Earth pressure . .
coefficient, ko 0.75 Engineering Judgement
Poisson’s ratio, y 0.3 Engineering Judgement
Unit weight (kN/m3) Average value derived from
20 bulk density tests on
samples
Undrained shear Moderately conservative
strength, value derived from
Glaciolacustrine Cy (kN/m2) 70 combination of SPT, SBPM,
SCPT and triaxial test
results
Angle of friction, ¢ (°) Moderately conservative
27.8 value derived statistically Gibson (1953)
from plasticity index
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Stratum ‘ Material Parameter ‘ Characteristic Value  Rationale Reference
Cohesion, ¢’ . .
(kN /mz) 0 Conservative assumption
Coefficient of volume Moderately conservative
compressibility, 0.57 value derived statistically
m, (m2/MN) from oedometer results
Coefficient of Moderately conservative
consolidation, 41.4 value derived statistically
Cuso (mzlyear) from oedometer results
Undrained stiffness,
Eu 323 E. = 1.5E’/(1+p) Vermeer (1998)
(MN/m?)
Drained stiffness, E’ Moderately conservative
(MN/m?) 28.0 valule derlived. from Yandzio (1998)
relationship with Cu
Earth pressure . .
coefficient, ko 0.75 Engineering Judgement
Poisson’s ratio, y 0.3 Engineering Judgement
Unit weight (kN/m3) 19 Published value Barnes (2000)
Angle of friction, ¢ (°) Moderately conservative
34 value derived statistically Peck et al (1974)
from SPT results
Fluvio-alacial Drained stiffness, E’ Moderately conservative
9 2 35.5 value derived statistically Yandzio (1998)
(MN/m®)
from SPT results
Earth pressure . .
coefficient, ko 0.75 Engineering Judgement
Poisson’s ratio, y 0.3 Engineering Judgement
Chalk
Table 6.10 — Summary of testing on Chalk
Type of Test No. of tests Results
In situ:
Standard Penetration Test (SPT) | 93 31 to >50 (49 average)
Permeability (packer test) 8 9.45E-08 to 7.35E-06 (Average 3.02E-06)
Permeability (falling head test) 28 5.44E-08 to 1.49E-04 (average 4.65E-05)
Laboratory:
Point Load 211 Isso: 0.004 to 1.494 MN/m?
10
Moisture Content 0.91t018.8 %
(47)
Density 10 Bulk Density: 2.10 to 2.26 Mg/m3

Page 39 of 54



Project Support Framework (Consultancy) 2011 — 2016 A HIGHWAYS

Ground Investigation Report AN nceney
A63 Castle Street Improvement Hull Safe roads, reliable journeys, informed travellers
Type of Test No. of tests Results
(12) Dry Density: 1.77 to 2.24 Mg/m3
Unconfined Compressive 10 4.7 t0 14.1 MPa
Strength

* Numbers in brackets include results taken in other tests.

Chalk bedrock was encountered across the site, with a layer of weathered chalk overlying more solid chalk.
The weathered chalk occurs from a minimum recorded depth of 20.6 m (-17.94 m AOD) in Borehole BH04 to
a maximum depth of 33.6 m (-28.96 m AOD) in Borehole BH45. The maximum recorded thickness of
weathered chalk is 9 m (average thickness 4.6 m where fully penetrated).

Weathered chalk ranges from very weak to medium strong sub-angular to angular gravel and cobbles. The
chalk bedrock is of White Chalk sub-group and contains seams of flints throughout.

SPT ‘N’ values indicate that the material is very dense, as is expected from chalk bedrock. The results are
presented in figure 6.10.1.

The results of permeability testing are shown in figure 6.10.4. The tests gave a minimum permeability of
5.44E-08 and a maximum permeability of 1.49E-04. The results indicate that the permeability of the chalk
varies from very low to medium.

Based moderately conservatively on the SPT N values, a characteristic friction angle, ¢’ of 37 degrees has
been selected. The friction angle has been derived using the empirical relationship with SPT ‘N’ from Peck
et al (1974).

A characteristic unconfined compressive strength of the rock of 6.5MN/m? was derived statistically from the
laboratory test results, as shown in figures 6.10.2 and 6.10.3.

Due to the limited geotechnical information available, a unit weight, 7, of 20 kN/m® has been selected for the
chalk, based on published values (Barnes, 2000).

The deformation modulus for intact rock, E;, and the deformation modulus for the rock mass, E, were
derived from the SPT results using approximated relationships of E; = 50N (MN/mz) and E,, = 5N (MN/mz)
(Ciria Report 143 (1995)).

Table 6.11- Summary of Chalk Parameters

Material Parameter Characteristic Value Rationale Reference
Unit weight (kN/m3) 20 Published value Barnes (2000)
Angle of friction, ¢ (°) Moderately conservative value
37 derived from SPT results Peck et al (1974)
Unconfined Compressive Moderately conservative value
Strength (MN/mz) 6.5 derived conservatively from
point load test results
Deformation Modulus for Moderately conservative value
intact rock, E; (GN/mz) 2.50 derived statistically from SPT CIRIA 143 (1995)
results

Deformation Modulus for the Moderately conservative value

0.250 y CIRIA 143 (1995
rock mass, En (GN/m?) derived statistically from SPT ( )
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Material Parameter Characteristic Value Rationale Reference
results

Earth pressure coefficient, ko 0.75 Published value

Poisson’s ratio, y 0.3 Engineering Judgement

6.4 Groundwater Chemistry

Please refer to the Ground Contamination Assessment 1168-10-211-RE-001 (2014)
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7 Geotechnical Risk Register

7.1 Risk Rating

The risk rating is derived from Risk Rating = Risk Likelihood x Risk Severity. Where risk likelihood and risk severity are defined as:

RISK LIKELIHOOD RISK SEVERITY
1. LOW (Unlikely) 1. LOW

2. MEDIUM (Possible) 2. MEDIUM

3. HIGH (Probable) 3. HIGH

This result in a risk that can be described as MINIMAL (0-3), RESIDUAL (4) or SIGNIFICANT (6-9) as per the risk matrix in Table 7.1:

Table 7.1 — Risk Matrix

Severity

| |

Likelihood 2 ‘

3 |

7.2 Geotechnical Risks

Table 7.2 presents site wide geotechnical risks relating to the scheme.
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Table 7.2 — Geotechnical Risks

Post Design Measure

Ref Design Concept Hazard / Activity Risk / Potential Design measures taken to remove Risk Risk Residual risk

(N[} outcomes or reduce risk Likelihood Severity actions

1 Central cutting Glacial till, potentially acting Potential uplift of slab. | Continuous groundwater monitoring 2 2 Residual Contractor to
as an aquiclude, may be and pump tests during Gl to try to consider
discontinuous and may not Unmanageable gain a better understanding of appropriate
be suitable to form a groundwater inflow material properties. sequencing of
groundwater cut off. into excavation. , o work.

Installation of tension piles.
Use of jet grouting ground
improvement.

2 Central cutting Under drainage of soft Potential dewatering Provide adequate cut off by secant 2 2 Residual -
alluvium induced settlement. piling.

Installation of secant piled wall and
jet grouting ground improvement to
reduce groundwater ingress

3 Central cutting Variable ground conditions - | Could result in Installation of secant piled wall. 2 2 Residual Contractor to
anticipated variability of the unexpected failures ) ) consider
material properties and differential Jet grouting ground improvement. appropriate

settlements. sequencing of
work.

4 Central cutting High groundwater level with High water pressures Continuous ground water monitoring 2 2 Residual Contractor to
tidal influence could result in uplift of and pump tests during Gl to try to consider

slab and excessive gain a better understanding of appropriate
groundwater flow into material properties. sequencing of
excavation. . . . work

Installation of tension piles and

secant piled wall. Jet grouting

ground improvement.

5 Central cutting Artesian and sub artesian High water pressures Tension piles are required. 2 3 Contractor to
pressures within chalk/fluvio- | could result in uplift of ) ) consider
glacial and glacial ill slab and damage the | Use of jet grouting ground appropriate

toe of deep piles !mprovgment to increase resistance sequencing of
during excavation. in alluvial layer to potentially reduce work
pile lengths.
6 Excavation and Piping sands if pile interlock Failure of retaining NA 2 3 If used potential
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Post Design Measure

Hazard / Activity Risk / Potential Design measures taken to remove Risk Risk Residual risk
outcomes or reduce risk Likelihood Severity actions

Design Concept

Construction outside is not adequately achieved significant risk
of main excavation. on minor retaining walls and
temporary works
Central cutting Unmanageable temporary Serviceability failure Use of secant bored piles and Residual
and permanent seepage appropriate permanent
quantities waterproofing utilising hydrophilics,
water bars etc
Central cutting Ground gas (methane) Migration, Protection measures to be outlined Residual Contractor
accumulation and in the Construction Environmental monitoring of
potential for Management Plan (CEMP) and gases during
asphyxiation / implemented during construction operations.
explosion. (e.g. PPE, personal
monitors/alarms)
Delay in progress of i
work>s/. prog Migration pathways to adjacent site All excavations
users to be considered and undertaken to be
Could cause major mitigated, as outlined in CEMP.
traffic disruption and treated as
rgputatlonal risk to confined spaces.
client.
Contractor to
consider the
installation of an
appropriate gas
monitoring
regime with the
potential for a
'traffic light'
system to provide
an early warning
Central cutting Ground gas (other / depleted | Migration, Protection measures to be outlined Residual Contractor
oxygen) accumulation and in the CEMP and implemented monitoring of
during construction (e.g. PPE,
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Post Design Measure

Hazard / Activity Risk / Potential Design measures taken to remove Risk Risk Residual risk

Ref Design Concept
or reduce risk Likelihood Severity actions

No. outcomes

potential for personal monitors/alarms) gases during

asphyaxiation / . . . . operations.
explosion. Migration pathways to adjacent site

users to be considered and All excavations
Delay in progress of mitigated, as outlined in CEMP. undertaken to be
works. treated as
confined spaces.

Contractor to
consider the
installation of an
appropriate gas
monitoring
regime with the
potential for a
‘traffic light'
system to provide

an early warning

and ingestion.

Additional sampling to be
undertaken during earthworks in
accordance with a Materials
Management Plan (MMP) to
establish suitability for material re-
use and/or requirements for
disposal.

10 Scheme wide area Work force coming into Delay progress of CEMP to outline requirements for 2 2 Residual Contractor to
contact with contaminated works and a risk to mitigation required during undertake
materials health of the workforce | construction (e.g. personal ongoing sampling

through direct contact | Protective equipment (PPE)). and testing,

ensure working
practices are
appropriate,
provision of
appropriate PPE

Ensure that measures are in place to
contain and deal with contamination.
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Post Design Measure

Design Concept Hazard / Activity Risk / Potential Design measures taken to remove Risk Risk
outcomes or reduce risk Likelihood Severity
11 Central cutting Vibration causing clay/silt Could result in The preliminary design specifies that 1 3
instability in sensitive excessive settlement vibrations caused by pile installation
cohesive materials or instability. are kept to a minimum throughout
use
12 Central Cutting and Aggressivity of ground Deterioration / Testing undertaken during site 1 2
foot bridges towards concrete decrease in strength investigation and class of ground
of concrete slab and aggressivity evaluated.
pile foundations could
be affected.
13 Central Cutting Soft material underlying Excessive/differential Bearing resistance / settlement 1 3
structures settlement. Bearing calculations undertaken.
capacity failure.
14 Central Cutting Working / forming Retaining wall Retaining wall stability assessment 1 3
excavation with cutting. instability /failure of undertaken, the propping to be used
earthwork. in the temporary case..
15 Central Cutting Ground Would result in serious | Employment of a bored piling 1 2
conditions/groundwater delays to the works system to form retaining and cut off
conditions resulting in pile and would require walls.
integrity issues during replacement of piles at
construction substantial cost.
16 Central Cutting Encountering obstructions Obstructions could Extend guide wall excavation for the 2 1
cause delays in secant piled walls to base of made
excavation and ground
installation of piles.
17 Scheme wide Encountering Service strike. Services survey to be undertaken 1 2
services/Interaction with Injury/death prior to site works. Deflections and
services settlements to be minimised outside
of construction area.
Service diversions to be undertaken.

Residual risk
actions

Ongoing
monitoring of
vibrations
throughout
construction.

Formation
inspections
during
construction and
monitoring.

Formation
inspections
during
construction.
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Post Design Measure

Design Concept Hazard / Activity Risk / Potential Design measures taken to remove Risk Risk Residual risk
outcomes or reduce risk Likelihood Severity actions
18 Scheme wide Excavation, piling and Serious injury/death. BACTECH and EOD reports 1 2 Residual Contractor to
trafficking ground in an area | Delays to construction | obtained and surveys undertaken. undertake further
with a moderate risk of UXO | programme. Major surveys during
encounter. traffic disruption. construction
Reputational risk to works.
client

A UXO specialist
should either
supervise works
or clear higher
risk areas.

19 Central Cutting Unstable ground conditions Progress of works and | Only appropriate plant/equipment to 1 2
site workers safety at be used.
risk from failure of

ground Ensure save working distance from

any excavations. Continual visual
inspections of surrounding ground
conditions of work area.

Ensure stabilizers on any equipment
are in place.

Ground improvement of very low
strength material prior to excavation.

20 1 1
Underground Option - Excavations in an area of General construction Installation of Secant Pile Wall and

formation of a cutting poor ground, high risks, ground use of Jet Grouting Ground
groundwater with sensitive instability, excavation Improvement to reduce the risk
structures in close proximity | collapse, groundwater | likelihood of ground instability,
ingress, settlement excavation collapse, groundwater
ingress and settlement. The
installation of stiff low permeability
structure will reduce the magnitude

of any remaining risk thus reducing

the risk severity (Refer to reference
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Design Concept

Hazard / Activity

Risk /
outcomes

Potential

Design measures taken to remove
or reduce risk

Post Design Measure

Risk Risk
Likelihood

Severity

Residual risk
actions

2 and 5).
21 2 2 Residual
Secant Piling to form Operating piling rigs in an Injury to personnel Construction Phasing has been Contractor to
groundwater cut off urban environment in close general public or considered during the preliminary consider
proximity to live traffic and damage to property design stage and should be appropriate
other site operations caused by piling developed further during detailed sequencing of
operations. Spillage of | design stage to ensure that piling work to ensure
contaminated material | operations are appropriately safety of
sequenced to avoid unnecessary operatives and
interaction between plant/personnel. general public.
22 2 2 Residual
Tension Piling Operating piling rigs in an Injury to personnel, Tension piles are required, no Contractor to
urban environment in close general public. design measures taken to reduce consider
proximity to live traffic and Installation of tension the risk appropriate
other site operations and piles potentially sequencing of
piling in to ground with creating preferential work to ensure
elevated groundwater pathway for safety of
pressure groundwater flows. operatives and
Instability of ground general public
beneath piling rig
23 1 3
Other piling activities Operating piling rigs in an Injury to site personnel | The Preliminary Design Specifies Contractor to
urban environment in close , damage to nearby that vibrations caused by pile ensure that
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Post Design Measure

Design Concept Hazard / Activity Risk / Potential Design measures taken to remove Risk Risk i Residual risk
outcomes or reduce risk Likelihood Severity actions

proximity to live traffic and structures installation shall be kept to a vibrations are
other site operations. Sheet minimum through the use of monitored
piling installation causing suitable installation techniques throughout
vibration construction.
Ground Improvement equipment in an urban caused by grouting that vibrations caused by pile consider
(Mainline) environment with ground operations, generation | installation shall be kept to a appropriate
that is susceptible to heave of contaminated minimum through the use of sequencing of
slurry/arisings, suitable installation techniques work to ensure

potential for ground safety of general

heave public
25 2 1 NA
Excavation of material | Formation of excavations in Injury to personnel Ground Improvement (lime
within cutting urban environment using due to restricted stabilisation) will increase the
large plant working areas and stability of the material to be
instability of material excavated making the material more
to be excavated manageable

24 1 2
Jet Grouting and Operating jet grouting Injury to personnel The Preliminary Design Specifies Contractor to
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Post Design Measure

Design Concept Hazard / Activity Risk / Potential Design measures taken to remove Risk Risk i Residual risk
outcomes or reduce risk Likelihood Severity actions

groundwater level natural groundwater level groundwater inflow if use of Jet Grouting Ground
groundwater cut off is Improvement to reduce
not adequately groundwater ingress by reducing

achieved and ground permeability
instability either when
working below
groundwater level or
induced through

dewatering activities

27 2 1 NA
Dewatering activities Dewatering activities Movement, settlement | Installation of Secant Pile Wall and
causing groundwater levels and instability of use of Jet Grouting Ground
to be locally depressed surrounding structures | Improvement to reduce groundwater
ingress and thus reducing the likely
scope of the dewatering operations.
28 NA 2 1
Ground Improvement General construction risks Injury to personnel, Contractor to
(side roads) generation of implement

contaminated suitable control

slurry/arisings. measures, RAMS

to manage risks

Excavations below Forming excavations below Excessive Installation of Secant Pile Wall and
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Design Concept

Hazard / Activity

Risk /
outcomes

Potential

Design measures taken to remove
or reduce risk

Post Design Measure

Risk Risk
Likelihood

Severity

Construction in the

vicinity of the dock

close proximity to the docks.
Alteration to the old dock

wall

caused by piling
operations. Damage to
the structure of the
dock due to

piling/excavation

been recommended in the area of
the docks to take account of a

proposed change to design

29 2 3
Construction works Excavation of human Human Health related A pre enabling works Ground
and clearance of burial | remains both above and issues, infectious Investigation is planned.
ground below groundwater level diseases, injuries due
to confined working After the investigation more will be
environment known about the potential condition
of any human remains which will
allow suitable methods of working to
be specified
30 2 2 Residual
Piling and Piling and excavation in Injury to personnel Additional Ground Investigation has

Residual risk
actions

Contractor to
implement control
procedures such
as ongoing
contamination
assessment to
ensure that PPE

is suitable

If additional Gl is
undertaken this
information
should be built in
to temporary
works design.
Contractor to
implement
suitable control
measures for
working in close
proximity to

water. A
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Ref Design Concept Hazard / Activity
No.

Post Design Measure

Risk / Potential Design measures taken to remove Risk
outcomes or reduce risk Likelihood

Risk Residual risk
Severity actions

monitoring and
inspection
programme
should be

implemented

Table UT1 - Services

Utility

New / Existing /
To divert

Affected Area

Existing Openreach Equipment

Existing, not affected

Existing Kingston Communications Equipment

To divert

Existing Kingston Communications Equipment

Existing, not affected

Existing National Power Grid (LV) Equipment

To divert

Existing National Power Grid (HV 11kV)

To divert

Existing National Power Grid (LV and HV 11kV)

Existing, not affected

Existing Northern Gas Network (low pressure)

To divert

Existing Northern Gas Network

Existing, not affected

Scheme wide

Yorkshire Water Sewer

Existing, not affected

Commercial Road and Queen Street
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The historical maps shown were reproduced from
maps predominantly held at the scale adopted for
England, Wales and Scotland in the 1840’s. In 1854
the 1:2,500 scale was adopted for mapping urban
areas and by 1896 it covered the whole of what
were considered to be the cultivated parts of Great
Britain. The published date given on the right is
often some years later than the surveyed date.
Before 1938, all OS maps were based on the
Cassini Projection, with independent surveys of a
single county or group of counties, giving rise
to significant inaccuracies in outlying areas.
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the 1:2,500 scale was adopted for mapping urban
areas and by 1896 it covered the whole of what
were considered to be the cultivated parts of Great
Britain. The published date given on the right is
often some years later than the surveyed date.
Before 1938, all OS maps were based on the
Cassini Projection, with independent surveys of a
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The historical maps shown were reproduced from

maps predominantly held at the scale adopted for
England, Wales and Scotland in the 1840’s. In 1854
the 1:2,500 scale was adopted for mapping urban
areas; these maps were used to update the
1:10,560 maps. The published date given on the
right therefore is often some years later than the
surveyed date. Before 1938, all 0S maps were
based on the Cassini Projection, with independent
surveys of a single county or group of counties,
giving rise to significant inaccuracies in

outlying areas.

In the late 1940's, a Provisional Edition was
produced, which updated the 1:10,560 mapping
from a number of sources. The maps appear
unfinished - with all military camps and other
strategic sites removed. These maps were initially
overprinted with the National Grid. In 1970, the
first 1:10,000 maps were produced using the
Transverse Mercator Projection. The revision
process continued until recently, with new editions
appearing every 10 years or so for urban areas.
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The historical maps shown were reproduced from

maps predominantly held at the scale adopted for
England, Wales and Scotland in the 1840°s. In 1854
the 1:2,500 scale was adopted for mapping urban
areas; these maps were used to update the
1:10,560 maps. The published date given on the
right therefore is often some years later than the
surveyed date. Before 1938, all 0S maps were
based on the Cassini Projection, with independent
surveys of a single county or group of counties,
giving rise to significant inaccuracies in

outlying areas.

In the late 1940's, a Provisional Edition was 1 87 1 892
produced, which updated the 1:10,560 mapping
from a number of sources. The maps appear
unfinished - with all military camps and other
strategic sites removed. These maps were initially
overprinted with the National Grid. In 1970, the
first 1:10,000 maps were produced using the
Transverse Mercator Projection. The revision
process continued until recently, with new editions
appearing every 10 years or so for urban areas.
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The historical maps shown were reproduced from
maps predominantly held at the scale adopted for
England, Wales and Scotland in the 1840’s. In 1854
the 1:2,500 scale was adopted for mapping urban
areas; these maps were used to update the
1:10,560 maps. The published date given on the
right therefore is often some years later than the
surveyed date. Before 1938, all 0S maps were
based on the Cassini Projection, with independent
surveys of a single county or group of counties,
giving rise to significant inaccuracies in

outlying areas.

In the late 1940's, a Provisional Edition was 1 893 1894
produced, which updated the 1:10,560 mapping
from a number of sources. The maps appear
unfinished - with all military camps and other
strategic sites removed. These maps were initially
overprinted with the National Grid. In 1970, the
first 1:10,000 maps were produced using the
Transverse Mercator Projection. The revision
process continued until recently, with new editions
appearing every 10 years or so for urban areas.
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The historical maps shown were reproduced from

maps predominantly held at the scale adopted for
England, Wales and Scotland in the 1840’s. In 1854
the 1:2,500 scale was adopted for mapping urban
areas; these maps were used to update the
1:10,560 maps. The published date given on the
right therefore is often some years later than the
surveyed date. Before 1938, all 0S maps were
based on the Cassini Projection, with independent
surveys of a single county or group of counties,
giving rise to significant inaccuracies in

outlying areas.

In the late 1940's, a Provisional Edition was 1 91 1 191 1
produced, which updated the 1:10,560 mapping
from a number of sources. The maps appear
unfinished - with all military camps and other
strategic sites removed. These maps were initially
overprinted with the National Grid. In 1970, the
first 1:10,000 maps were produced using the
Transverse Mercator Projection. The revision
process continued until recently, with new editions
appearing every 10 years or so for urban areas.
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The historical maps shown were reproduced from

maps predominantly held at the scale adopted for
England, Wales and Scotland in the 1840’s. In 1854
the 1:2,500 scale was adopted for mapping urban
areas; these maps were used to update the
1:10,560 maps. The published date given on the
right therefore is often some years later than the
surveyed date. Before 1938, all 0S maps were
based on the Cassini Projection, with independent
surveys of a single county or group of counties,
giving rise to significant inaccuracies in

outlying areas.

In the late 1940's, a Provisional Edition was
produced, which updated the 1:10,560 mapping
from a number of sources. The maps appear
unfinished - with all military camps and other
strategic sites removed. These maps were initially
overprinted with the National Grid. In 1970, the
first 1:10,000 maps were produced using the
Transverse Mercator Projection. The revision
process continued until recently, with new editions
appearing every 10 years or so for urban areas.
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The historical maps shown were reproduced from

maps predominantly held at the scale adopted for
England, Wales and Scotland in the 1840°s. In 1854
the 1:2,500 scale was adopted for mapping urban
areas; these maps were used to update the
1:10,560 maps. The published date given on the
right therefore is often some years later than the
surveyed date. Before 1938, all 0S maps were
based on the Cassini Projection, with independent

surveys of a single county or group of counties,
giving rise to significant inaccuracies in
outlying areas.

In the late 1940's, a Provisional Edition was 1 51
produced, which updated the 1:10,560 mapping
from a number of sources. The maps appear
unfinished - with all military camps and other

1951

strategic sites removed. These maps were initially
overprinted with the National Grid. In 1970, the
first 1:10,000 maps were produced using the
Transverse Mercator Projection. The revision
process continued until recently, with new editions
appearing every 10 years or so for urban areas.
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