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Environmental Baseline and Assessment of Impacts – Central
Route Section

6.1

Overview of Route Section

This chapter describes the central route section of Crossrail which extends from a point
approximately 200m west of the A40 Westway to a point approximately 500m to the east of
the portal at Pudding Mill Lane in the northeast and a point just to the east of Poplar Dock
and the A1206 Prestons Road in the Isle of Dogs in the southeast. The figure below shows
the route windows in the central route section.
Figure 6.1: Central Section Route Alignment

Transport
for London

Experience gained during the construction of similar scale rail projects in London, namely the
Jubilee Line Extension and the Channel Tunnel Rail Link, has assisted in the identification of
appropriate measures to mitigate impacts during Crossrail’s construction.
The central route section represents the largest scale engineering component of the project.
The route would comprise 6 m diameter twin-bore tunnels running under central London that
would connect existing railways to the east and west. The tunnels would generally be at a
depth of between 20 m and 40 m. At a point beneath Stepney Green, the route would fork:
one route would continue northeastwards towards Stratford, the other would head
southeastwards towards the Isle of Dogs.
New Crossrail stations would be provided at intervals along the new tunnel alignment at
Paddington, Bond Street, Tottenham Court Road, Farringdon, Liverpool Street, Whitechapel
and the Isle of Dogs. Each of these stations (except Whitechapel and the Isle of Dogs) would
have two entrances and ticket halls to provide access to the east and west ends of the below
ground platforms. At Whitechapel, it would be possible to provide a second ticket hall should
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demand for Crossrail require this, while at the Isle of Dogs, there would be passive provision
for a second ticket hall.
New portal structures would be provided in the west at Royal Oak (Paddington) and in the
east at Pudding Mill Lane (Stratford). For the southeast route to Docklands, the tunnel would
be continued east of the Isle of Dogs – this is addressed in the southeast route section. At
particular locations along the new railway, shafts connecting the tunnels with the surface
would be provided for access and/or ventilation. Some of these shaft structures would be
incorporated into the new station buildings; others would be located independently of the
stations in accordance with safety requirements.
The twin-bore tunnels would be excavated using tunnel boring machines. Up to nine of these
would be working in the central section at any one time. Excavated material would be
removed at the west and east portals and via a temporary tunnel linking Hanbury Street shaft
to a temporary shaft on Pedley Street, from where it would be taken by a conveyor to a
holding site in Mile End Park prior to removal by rail.
The main elements of the works are described in the table below.
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Provision of a reversing facility consisting of two island platforms and four tracks to
enable some or all of the westbound Crossrail service to terminate at Paddington.
Construction of the western portal of the central area tunnels, located west of Lord Hill’s
Bridge, consisting of an approach ramp and cut and cover tunnel between the portal
and the tunnel eye located between Ranelagh Bridge and Westbourne Bridge.
Provision of a shaft for the construction of twin-bore tunnels. The shaft would be used to
house ventilation equipment and provide access as an emergency intervention point
(EIP).
Works at the point where bored tunnelling begins, located between Ranelagh Bridge
and Westbourne Bridge.
Construction of the twin tunnels with the rails at a depth of between 15 and 30 m below
street level.
Works to the station consisting of a new 340 m length box with a 210 m island platform
and new ticket halls at the eastern and western ends. The station would be located
underneath Eastbourne Terrace. The station would include a narrow glazed structure
above ground called the ‘light spine’.
Provision of ventilation and EIP facilities, to be located at the eastern and western ends
of the station box.
Construction of the twin tunnels with the rails at a depth of approximately 20 to 30 m
below street level.
Construction of a shaft to house ventilation equipment and provide access as an EIP.
The shaft would be located at the northern boundary of Hyde Park, close to Victoria and
Clarendon Gates. The shaft surface building would be up to 2 m high and located to the
west of Victoria Gate Lodge.
Construction of a shaft to house ventilation equipment and provide access as an EIP.
The shaft would be located in the central reservation of Park Lane immediately south of
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Twin-bore tunnels

Fisher Street shaft

Tottenham Court
Road station
Western and
Eastern ticket halls

Twin-bore tunnels

Western and
Eastern ticket halls

Bond Street
station
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Marble Arch and opposite Green Street. The surface building would be approximately
2 m high.
Construction of the twin tunnels with the rails at a depth of between 27 m and 34 m from
street level.
Works at the station to provide new 245 m length platform tunnels fitted out to 210 m
between Davies Street and Hanover Square.
Ventilation and access as an EIP would be provided at each end of the station.
Construction of a new one storey western facility at 65 Davies St, to include a ventilation
stack approximately 34 m high. Construction of a new 7m high eastern ticket hall to
include a ventilation stack approximately 29 m high at 18/19 Hanover Square.
Twin tunnels would be constructed with the rails at a depth of approximately 26 to 32 m
from street level.
Works at the station to provide new 245 m length platform tunnels fitted out to 210 m
between Great Chapel Street and Charing Cross Road.
Construction of a new ticket hall beneath the Plaza at the front of Centre Point. The
deep station box at Goslett Yard would include a shaft that would house ventilation
equipment and provide access as an EIP. This ticket hall is an extension of the existing
London Underground ticket hall
Construction of a new western ticket hall at Dean Street. Ventilation equipment and EIP
access would be constructed at Fareham Street.
Construction of a shaft that would house ventilation equipment and provide access as
an EIP at Fisher Street on the site of 8 - 10 Southampton Row. The original building
façade to 8 - 10 Southampton Row would be retained.
Construction of the twin tunnels with the rails at a depth of between 20 and 30 m from
street level.
Works at the station to provide new 245m length platform tunnels fitted out to 210m
between Farringdon Road and Lindsey Street.
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Construction of a new 8 m high western ticket hall at Farringdon Road (to include EIP
access and ventilation equipment within its footprint).
Construction of a new 8 m high eastern ticket hall at Lindsey Street at the west end of
Barbican station, to include EIP and ventilation equipment. Emergency escape would be
via a new separate shaft in 38 - 42 Charterhouse Street.
Twin-bore tunnels Construction of the twin tunnels with the rails at a depth of approximately 12 to 36 m
from street level. A crossover would be constructed to the east of the station.
Liverpool Street
Works at the station to provide new 245m length platform tunnels fitted out to 210m
station
between Moorfields and Blomfield Street.
Moorgate ticket
Construction of a new 8 m deep western ticket hall at Moorgate station, to include EIP
hall
access and ventilation equipment within its footprint (shaft is approximately 22 m high).
Finsbury Circus
Replacement of the pavilion and bowling green and re-establishment of the gardens
that are lost to the construction site at this location.
Blomfield Street
Construction of a shaft approximately 28 m high at 11 – 12 Blomfield Street to contain
shaft
ventilation equipment and provide EIP access.
Twin-bore tunnels Construction of the twin tunnels with the rails at a depth of approximately 36 to 42 m
from street level.
Hanbury Street
Construction of a shaft to contain ventilation equipment and provide EIP access; the
shaft
surface structure would be approximately 12 m high. A separate maintenance building
would be 8 m high.
Hanbury Street to Construction of a single bore temporary tunnel from the Hanbury Street shaft to a
Pedley Street
temporary shaft at Pedley Street. This tunnel and shaft would be used to transfer
temporary tunnel excavated materials from the central section tunnelling works by conveyor and then
and shaft.
onto the stockpile at Mile End (Devonshire Street) sidings for onward transport by rail.
Whitechapel
Works at the station to provide new 245 m length platform tunnels fitted out to 210m
station
between Court Street and Cambridge Heath Road.
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New ticket hall over the London Underground District Line platforms including a new
concourse at Essex Wharf to allow access to the western end of the Crossrail platforms.
Construction of a ventilation and EIP access shaft as part of the Whitechapel Station
Essex Wharf concourse structure.
Construction of twin-bore tunnels with the rails at a depth of between 25 m and 38 m
from street level.
Temporary works would take place within this route window to construct a conveyor belt
to take excavated material from Pedley Street to temporary excavated material handling
facilities, to be constructed at Mile End (Devonshire Street) sidings and Mile End Park.
Provision of a ventilation, escape and EIP access shafts on Stepney Green between an
all weather sports ground and Garden Street, which would include two 7.5 m high
structures at ground level.
Construction of twin tunnels with the rails at a depth of between 22 m and 37 m from
street level; two turn out caverns beneath Stepney Green would be constructed to allow
for the junction between the Shenfield and the Abbey Wood branches.
Construction of a ventilation, escape and EIP access shaft of approximately 15 m in
height at the corner of Commercial Road and Basin Approach (610 Commercial Road).
Construction of the twin tunnels with the rails at a depth of between 32 m and 40 m from
street level.
Construction of an EIP access shaft on Hertsmere Road, which would include an 8m
high structure at the surface.
Construction of a station and crossover within a 475 m long box located below West
India North Dock. The cross-over would be constructed within the western part of the
box and the station, with a 210 m long island platform which would be constructed in the
eastern part of the box. The crossover would enable trains to terminate at the station
and return to central London or Abbey Wood.
Construction of a station entry/exit point to the west of Great Wharf Bridge, which would
be rebuilt.
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Construction of escape and ventilation shafts within the station box, one at the eastern
end and one at the western end of the station platform.
Twin-bore tunnels Construction of the twin tunnels with the rails at a depth of approximately 29 m to 50 m
from street level.
Mile End Park Mile End Park
Construction of a ventilation, escape and EIP access shaft in the southeast corner of
and Eleanor
shaft
Mile End Park next to Burdett Road, which would include a 7 m high surface structure.
Street shafts Eleanor Street
Construction of an EIP access and ventilation shaft in the eastern end of the caravan
shaft
park, which would include an 11 m high surface structure.
Twin-bore tunnels Construction of twin tunnels with the rails at a depth of between 23 m and 28 m from
street level.
Pudding Mill
Pudding Mill Lane Construction of the eastern portal of the central area tunnels along with a shaft
Lane portal
portal
accommodating EIP and escape facilities.
The line will emerge through a tunnel eye and rise up a ramp, partly within a cut and
cover tunnel.
Changes to the
Re-alignment of the DLR to the south and provision of a replacement DLR Pudding Mill
Docklands Light
Lane station.
Railway
Changes to Great Re-alignment of the westbound (up line) electric track of the Great Eastern Mainline to
Eastern Main Line Liverpool Street to accommodate Crossrail.
Twin-bore tunnels Construction of twin tunnels with the rails at a depth of up to 38 m below street level
rising to emerge through the tunnel eye at Pudding Mill Lane.

Route Route Window
Window
Name
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Sections 6.2 to 6.4 outline sources of data, baseline conditions and impacts at a route
section level. Sections 6.5 onwards discuss baseline conditions and impacts relevant to each
individual route window.

6.2

Sources of Information

Data on the baseline conditions has been obtained from various sources, including the
Environment Agency, Thames Water Utilities Ltd, English Nature and various London
Boroughs and District Councils.
Table 6.2: Sources of Data
Subject

Data

Source

Date received

Groundwater

Groundwater quality records

Environment Agency

November 2002

Groundwater

Groundwater abstraction licenses

November 2002

Groundwater

Groundwater abstraction licenses

Groundwater

Section 32 consents

Groundwater

Abstractions in determination

Environment Agency
Thames Region
Environment Agency
Southern Region
Environment Agency
Thames Region
Thames Water

Groundwater

Protected Groundwater Rights

Groundwater

Source Protection Zones

Groundwater

Source Protection Zones

Groundwater

December 2002
October 2003
October 2003

Water Levels 1992-97

Direct contact with
London Boroughs and
District Councils
Environment Agency
Thames Region
Environment Agency
Southern Region
Crossrail GI Database

October 2002

Groundwater

Chalk Water Levels May 2003

Environment Agency

June 2003

Groundwater

Water Levels 2003-2004

Crossrail GI data

Periodic

Surface Water

Indicative flood plains

Environment Agency

November 2002

Surface Water

Environment Agency

December 2004

Surface Water

Flood Zone Map (Zone 2), June
2004
Surface Water Discharges

May 2003

Surface Water

Surface Water Discharges

Surface Water

Surface Water Abstraction Licenses

Surface Water

Main rivers

Surface Water

GQA and RQO

Surface Water

GQA and RQO

Environment Agency
Thames Region
Environment Agency
Southern Region
Environment Agency
Thames and Southern
Regions
Environment Agency
Thames Region
Environment Agency
Thames Region
Environment Agency
Website
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Surface Water
Surface Water

Other
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Thames Water Quality at Greenwich Environment Agency
Thames Region
Flood Levels
Environment Agency
Thames and Southern
Regions
SSSI, SPA, SAC, NNR, Ramsar
English Nature

6.3

Baseline Information – Central Section

6.3.1

Introduction

October 2003
October 2003

November 2002

The route window descriptions of baseline conditions include a summary of the baseline
data, relevant for the window. Baseline data are assessed according to the scope and
methodology described in Chapter 3, even though the environmental receptor in question
may be outside the route window. This is noted wherever it applies.
Maps have been produced showing the following baseline data: groundwater abstractions,
2003 Chalk water levels, area affected by saline intrusion, groundwater protection zones,
surface water abstractions and discharges, main rivers and floodplains.
6.3.2

Geology and Hydrogeology

(i)

Stratigraphy

The geological formations within the Crossrail area are described in the following subsections. A summary of the general stratigraphy is presented in the table below. An
indication of the geology in relation to the vertical alignment of the tunnel portion of Crossrail
Line 1 is shown in Appendix C and is discussed in (vii) below.
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Table 6.3: Stratigraphy
Period

Group

Recent

Formation

Description

Made Ground
Alluvium

Quarternary

Drift

Langley, Ilford,
Brickearths.
Crayford and
Dartford Silts
River Terrace
Gravel. Clayey and sandy in part.
Deposits / Floodplain
Gravels, (including
Boyn Hill Gravel and
Taplow Gravel)
Boulder Clay
Heterogeneous till.
Glacial Sands and
Gravels
Palaeocene Thames London Clay
Stiff grey brown heterogeneous
/Tertiary
Group Formation
clay with closely spaced fissures.

Harwich Formation

Dense to very dense black
rounded and sub-rounded, medium
to coarse flint gravel, occasional
cobbles, dark brown silty or clayey
fine to medium sand matrix.
Lambeth Reading Formation Stiff red, blue, grey and brown
laminated silty clay with fine to
Group
medium sand in the top part.
Stiff/hard buff blue, grey, black,
sometimes mottled purple blocky
slightly sandy silty clay, with
occasional calcareous
concentrations and limestone.
Woolwich Formation Shelly occasionally laminated silty
clay or clayey silt with a little fine
sand and impersistent hard
limestone beds.
Dark grey shelly silty clay including
oysters, sometimes in layers
forming hard beds, with occasional
laminated grey clay and silt.
Mottled blue grey and brown
laminated silty clay/clayey silt/fine
to medium sand, with occasional
wood fragments.
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Hydrogeological
Properties
Permeable shallow
aquifer in direct
continuity with
River Thames and
other surface
waters. Silt layers
and clayey
horizons in the
Boulder Clay act as
weak aquitards.

Very low
permeability
aquitard separating
shallow and deep
aquifers.
Weak aquifer

Aquitard

Aquitard

Aquitard

Aquitard
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Group

Formation
Upnor Formation

Thanet Sands
Cretaceous

(ii)

Chalk
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Description

Hydrogeological
Properties
Green, grey, grey-blue and mottled Weak aquifer
brown rounded fine to coarse flint
gravel, sometimes in a sandy clay
matrix with sporadic shells.
Mottled green brown and orange
Weak aquifer
slightly clayey sand with glauconitic
medium sand and occasional
scattered pebbles. May have ‘salt
and pepper’ speckled appearance.
Greenish and brownish grey, silty, Minor aquifer
fine-grained sand. Bioturbation.
Poorly cemented and porous,
Major aquifer
typically massively bedded and
well jointed, fissured white
limestone.

Drift Geology

The surface geology along the proposed Crossrail route comprises unconsolidated deposits
commonly grouped as ‘Drift’, and comprising artificial ‘Made Ground’, Alluvium, assorted
sands and gravels and Boulder Clay. The highly permeable sands and gravel dominate the
hydrogeological properties of the Drift, and, as such, this geological unit is considered to form
an upper, shallow aquifer. This shallow aquifer is typically in hydraulic continuity with the
River Thames, and other watercourses. The shallow aquifer receives both urban and natural
recharge, and infiltration from streams. The gravels typically have a thickness of less than
10 m, with a variable permeability, ranging from 10 m/d to more than 500 m/d. CIRIA (1993)
quotes Foster (1971) as giving values in the range 50 to 150 m/d with a specific yield of 10 to
20%. Occasionally, the sand and gravel may be confined by a thin, (i.e. less than 3 m) cover
of overlying alluvial clay deposits. This tends to occur along the alignment of the Thames and
‘Lost Rivers’. There are also places where the shallow aquifer is locally thickened by infilling
of scour hollows.
(iii)

Thames Group

Underneath the drift deposits is a relatively thick, folded layer of London Clay. This is a stiff
clay containing sandy lenses and nodular concretions. Due to the complex folding of the
strata, the exact position of the upper and lower boundaries of the clay is not well defined
unless verified by site investigation. The London Clay has a very low permeability (the
vertical permeability is typically less than 5×10-6 m/d) and therefore acts as a very low
permeability aquitard, overlying the Lambeth Group and separating the shallow aquifer in the
Drift from the deep aquifer of the Upnor Formation, Thanet Sands and Chalk. Although some
groundwater exists in sandy lenses within the London Clay, it is considered to be effectively
isolated from the shallow and deep aquifers.
The Harwich formation lies beneath the London Clay and is generally less than 2 m thick,
however it is often absent. It is part of the same group as the London Clay, but is considered
to be a separate unit. Typically, the Harwich Formation comprises flint gravel with occasional
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cobbles, in a dark brown, fine to medium sand matrix. Although groundwater usually exists in
the Harwich Formation, it is considered to be effectively isolated from the shallow and deep
aquifers.
(iv)

Lambeth Group

The Lambeth Group, formerly termed the Woolwich and Reading Beds, consists of three
main lithologies:
•

The Reading Formation: dominated by clay, which is characteristically mottled brown,
grey green and bluish grey. It contains extremely closely spaced fissures.

•

The Woolwich Formation: interdigitates with the Reading Formation in central and
south-east London. It comprises laminated, grey, fine to medium-grained sands, silts
and clays with shelly clay beds.

•

The Upnor Formation: forms the basal bed of the Lambeth Group and consists of
green and brown, glauconitic, medium-grained sands and pebbly (flint) sands.

The Woolwich and Reading Formations collectively form a folded layer beneath the London
Clay which has a moderate to low permeability. As such they may be classified as an
aquitard which forms a hydrogeological extension of the overlying London Clay aquitard.
Sand lenses, where present, may contain groundwater under pressure. These layers may be
recharged at the sub-crop in the bed of the River Thames but are otherwise separate from
the shallow and deep aquifers.
The Upnor Formation is in hydraulic continuity with the underlying Thanet Sands, which
together form the arenaceous part of the deep aquifer.
A detailed lithostratigraphic correlation of the Lambeth Group along the Jubilee Line
Extension (JLE) in south-east London was described in a report prepared by Ellison (1991)
for LUL. The lithological sub-division established comprises seven sub-units in line with
earlier work by Ellison (1983), Hester (1965) and King (1981). Howland (1991) also presents
a similar scheme in a paper describing the engineering geology of London’s Docklands. A
summary of the succession in descending stratigraphic order, identified during the JLE
investigation is presented in Table 6.4. It should be noted that not all of these units may be
present and the presence of dissimilar units cannot be ruled out.
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Table 6.4: Description of Facies Presented in the Lambeth Group
Unit

(v)

Description

Average
Thickness (m)

Upper Shelly Clay

Shelly occasionally laminated silty CLAY
or clayey SILT) with a little fine sand and
impersistent hard limestone beds.

1 to 3

Upper Mottled Clay

Stiff red, blue, grey and brown blocky
silty CLAY with fine to medium sand in
the top part.

1 to 4

Laminated sands
and silts

Mottled blue grey and brown laminated
silty CLAY/clayey silt/fine to medium
SAND, with occasional wood fragments.

0.5 to 3

Lower Shelly Clay

Dark grey shelly silty CLAY including
oysters, sometimes in layers forming
hard beds, with occasional laminated
grey clay and silt.

0.5 to 3

Lower Mottled Clay

Stiff/hard buff blue, grey, black
sometimes mottled purple blocky slightly
sandy silty CLAY, with occasional
calcareous concentrations and limestone.

0.5 to 3

Pebble Bed

Green, grey, grey-blue and mottled
brown rounded fine to course flint
GRAVEL, sometimes in a sandy clay
matrix and with sporadic shells.

Glauconitic Sand

Mottled green brown and orange slightly
clayey SAND with glauconitic medium
sand and occasional scattered pebbles.
May have ‘salt and pepper’ speckled
appearance.

1 to 2, up to 5

3 to 4

Thanet Sands

The Thanet Sands comprise a thin, folded layer of fine grained sands and silty sands, with a
distinctive basal bed of green coated flints, which are well-developed in places. The Upnor
Formation and the Thanet Sands form the arenaceous part of the deep aquifer. This aquifer
is generally separated from the shallow aquifer by the intervening aquitard formed by the
Woolwich and Reading Formations and the London Clay. Where the aquitard is absent, as in
the vicinity of the River Thames, the shallow and deep aquifers are in hydraulic continuity
with each other and also with the river.
(vi)

Chalk

The Upper Chalk underlies the Thanet Sands and forms the carbonate, bedrock part of the
deep aquifer. Due to the small size of the connected pore space, the Chalk has relatively low
matrix permeability, on average less than 0.01 m/d. The high permeability of the aquifer as a
whole (between 10 and 500 m/d) is due to secondary permeability associated with extensive
fissure systems.
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Geological Structure

The 1:50 000 geological maps show two major faults, the Greenwich and Woolwich faults,
running across the south-east of the Crossrail alignment. However, recent work suggests the
structure is more complex. The University of Reading have suggested a pattern of orthogonal
dip and strike faults with intermediate synclines. This interpretation is a more coherent
explanation of the original data because it integrates structure within the Docklands to all
nearby areas. However, Berry (1979) discounts certain data for the top of the Chalk ascribing
some low elevation values to scour hollows. These hollows have also left occasional
windows in the London Clay and some windows of high vertical permeability through the
Woolwich and Reading Formations.
Confirmation as to whether the dominant structures are tight folds or are faults may only
prove possible by further investigation. Not all of the structural features have a direct impact
on groundwater flows. However, base maps prepared for the London Basin Groundwater
Modelling study (Mott MacDonald March 2003) contain internal aquifer zone boundaries as
inferred from review of both the geological structure and the piezometry. The aquifer zone
boundaries act as low permeability barriers to groundwater flow and are more relevant to the
hydrogeology than the purely structural features.
An indicative geological long section for the route from Royal Oak Portal (route window C1)
to Pudding Mill Lane (route window C13) is given on Figure C9 in Appendix C. Figure C10
shows the long section from Stepney Green (route window C9) to Victoria Portal (route
window SE2). These long sections are based on data from site investigations carried out for
Crossrail and do not contain any details of inferred faulting or local folding.
(viii)

Groundwater Levels

Groundwater levels in the shallow aquifer tend to be perched above the underlying clay
strata. The groundwater levels therefore have significant local variations superimposed on a
regional gradient sloping down towards to the Thames. It is unusual for groundwater levels to
have been modified by long term abstraction since very few wells or adits have been
constructed for water supply. There is no water level monitoring network operated by the
Environment Agency and so water level data are mainly obtained from geotechnical
investigations including those for Crossrail in 1992-97 and 2002-2004 and the CIRIA (1993)
study. CIRIA reported that temporary rises of 5 to 10 times the rainfall depth occur in many
short term rainfall events and that a sharp rise of 0.5 to 2 m occurred at the end of January
1990 following very intense rainfall. Seasonal fluctuations of up to one metre were observed.
Some groundwater level data in intermediate sandy beds in the Thames and Lambeth
Groups in the London Clay are only available from geotechnical investigations since there is
no network for long term monitoring. Preliminary results for 2002-2004 site investigations for
Crossrail are available as piezometric pressure-depth profiles from which depth intervals with
impeded vertical flow and ‘static’ water levels for different layers can be inferred in areas
where underdrainage is occurring. These data are described in the relevant route windows.
Abstraction from the Chalk in the London area began in 1823, and peaked prior to World
War Two with a consequential lowering of groundwater levels and the formation of extensive
cones of depression. Despite recent groundwater level rises, there remains a large cone of
depression centred on the Regent’s Park area. The 2003 Environment Agency Chalk
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groundwater levels are shown on Drawings 1E0421-C1E00-E00-F-00301 and 1E0421C1E00-E00-F-00302.
A small mound in the groundwater levels is located north of the Bow Triangle and
immediately east of the River Lea. There are various different interpretations as to the cause
of this mound; however, at this point there is a window in the London Clay where the
underlying Lambeth Group is exposed at the surface. The increase in groundwater levels
may be due to an increased recharge in this area, or due to the structure and the positioning
of certain low permeability barriers on the edge of the window in the London Clay or a
combination of both.
Since the mid 1960’s, reduction in groundwater usage has led to a gradual rise in
groundwater levels and recovery of groundwater levels within the cones of depression.
Groundwater levels in central London have been steadily rising by as much as 3 m per year
since 1965. By 2002 the rate of groundwater level rise in central London had reduced to less
than 0.5 m/yr, with a maximum rate of rise of approximately 1.5 m/yr in the area between
Ealing and Wembley (Environment Agency, 2002). Superimposed on the rising trends at
certain locations are short-term fluctuations resulting from construction dewatering for
projects such as Canary Wharf, the Jubilee Line and the CTRL. By mid 2003, north-west
London was the only area with rising groundwater levels and the maximum rate (between
Greenford and Wembley) had reduced to less than 1.2 m/yr (Environment Agency, 2003).
The conclusion that groundwater levels are falling or stable everywhere else was based on
data recorded from a key gauge at Trafalgar Square which was reassessed following the
identification of technical problems. The correct analysis showed falling water levels and the
general, observed impacts of a 13% increase in overall pumping.
The London Basin Groundwater Model (LBGM) was originally developed in 2000 for Thames
Water and the Environment Agency (Thames Region), with further refinements still being
undertaken. The five-layer model covers most of the Crossrail route options and has been
used to predict the likely impacts of Crossrail works on the groundwater environment, and to
assess the effectiveness of any mitigation measures.
(ix)

Groundwater Quality

The shallow aquifer receives recharge from urban run-off, stream infiltration and direct
rainfall recharge. The water is very rarely of a quality suitable for potable supply and is
therefore seldom abstracted. CIRIA (1993) reports on seven sample sites with high lead
concentrations being common, electrical conductivities over 2000 µS/cm at two sites but less
than 1000 µS/cm at only two sites.
Away from the Thames, the deep Chalk aquifer is generally potable under London since the
London Clay protects it from surface pollution. Groundwater in the deep aquifer is usually
abstracted from the Chalk since well construction is much easier than in the overlying
arenaceous strata.
Some shallow and deep groundwater quality measurements made in recent geotechnical
investigations are shown in Appendix C.
The River Thames is tidal throughout the area of interest to Crossrail and therefore contains
a both temporally and spatially varying proportion of seawater and freshwater. Under natural
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conditions of groundwater flow, which occurred until the early nineteenth century, the River
Thames below Poplar and Rotherhithe was one of the main outlets for groundwater moving
through the confined aquifer from the outcrops in the Chiltern Hills and North Downs. The
head of groundwater in the aquifers was sufficient to prevent the ingress of saline water,
except in the immediate vicinity of the river, where some intrusion probably occurred at high
tides. As groundwater abstraction increased through time, the natural discharge into the river
decreased, and eventually the hydraulic gradient reversed. This has allowed saline water to
move into the Lower London Tertiaries and the Chalk wherever these aquifers are in
hydraulic continuity with the river (Water Resources Board, 1972). This saline water has then
moved westwards and northwards into the area of lowered groundwater elevations.
Generally, in West Essex, background chloride concentrations in Chalk groundwater are
between 50 and 100 mg/l (Water Resources Board, 1972). Concentrations above 100 to
250 mg/l are assumed (A.C.1) to indicate that the River Thames is, or has been in the past,
in hydraulic continuity with the aquifer, that saline intrusion has occurred and therefore the
water is non-potable. High electrical conductivities (above about 1500 µS/cm) also indicate
brackish conditions.
A zone of the expected extent of saline intrusion has been estimated based on the limited
historic records and groundwater monitoring results and is shown on the Drawings. In
Appendix C are two figures showing the extent of saline intrusion based on the 150 mg/l
isochlor and 177 mg/l isochlor across London. Typically, the width of the saline zone on the
north bank of the River Thames exceeds 3 to 4 km over considerable lengths of the river but
thins to the west. The width on the south bank is considerably less, commonly being no more
than 0.8 km. The geological structure of the region complicates the pattern of saline
intrusion; the low permeability boundaries within the Chalk act as a partial barrier to
groundwater flow and thus saline migration. The groundwater within most of the Central
Section is often likely to be non-potable. Appendix C also shows a map extending from
Stepney to Limmo Peninsula Shafts (route window C9 to SE1), with deep groundwater
chloride concentrations labelled.
A Durov triplot in Appendix C shows that water sampled from the River Thames has far
higher values of sodium and chloride than groundwater samples. This reflects its higher
salinity. The River Thames water also shows lower concentrations of bicarbonate, similar
concentrations of calcium and higher concentrations of magnesium. The river water from the
Thames measured at half tide shows a decreased salinity relative to high tide water quality.
(x)

Groundwater Vulnerability

The majority of the area along the Central Section is classified as ‘Minor Aquifer (‘variably
permeable’) with small areas classed as ‘Non-Aquifer (negligibly permeable). The soil is
classed as “HU” because soil information for urban areas is less reliable and based on fewer
observations than in rural areas, so the worst case is assumed (A.C.2). As such, land is
classified as having high leaching potential (“HU”) until proved otherwise (Groundwater
Vulnerability of West London, Sheet 39, 1:100 000 map).
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Groundwater Abstractions

All groundwater abstractions located within a 500 m corridor either side of the route
alignment, within a 1000 m radius of the centre of each station, or those which may have a
source protection zone that extends into this buffer zone, have been identified. These
groundwater abstractions consist of licensed wells, protected groundwater rights and
abstractions in determination and Section 32 consents. Appendix C lists details and locations
of all groundwater abstractions along the route. The tables in Appendix C also indicate
whether the abstractions are located in an area where the tunnel would be constructed in the
London Clay. In such areas, abstractions in the main aquifer are assumed (A.C.3) not to be
affected by any works as the London Clay and upper Lambeth Group clays would act as a
low permeability barrier between the tunnel and the aquifer below.
All the licensees along the Central Section are abstracting from the Chalk aquifer. There is
only one abstraction for public water supply (Thames Water Utilities at River Lea) and with
the exception of a few abstractions to the north of Farringdon Station and around
Whitechapel Station, the majority of the abstractions are each for less than 100,000 m3/year
for private, commercial or industrial use.
The Environment Agency has established source protection zones (SPZs) for a number of
the bigger abstractions as indicated in Appendix C. In order to evaluate the abstractions
without an associated SPZ, calculations have been undertaken by Mott MacDonald to
produce approximate time of travel zones (TTZ), corresponding to a travel time of 50 days
and 400 days. This is explained in more detail in Appendix D.
The inner SPZ is defined as the 50 day travel time area; (with a minimum 50 m radius), and
the outer as the 400 day travel time area or 25% of the total catchment, whichever is biggest.
It must be noted that the TTZs calculated by Mott MacDonald are approximations used to
determine whether the catchment area to the well would extend into the alignment area and,
therefore, potentially could be affected by the works. Even if the 50 or 400 day SPZ or TTZ
do not cross the route alignment, the associated abstraction well could still be subject to
impacts if the travel time is more than 400 days. A travel time zone of up to 5 years has
therefore also been considered in the assessment of impacts on groundwater abstractions.
Inner and outer source protection zones as provided by the Environment Agency, and TTZs
estimated by Mott MacDonald are shown on the Drawings and are discussed further in the
impact assessment for each route window below.
6.3.3

Surface Water

(i)

Main Rivers

The Thames Estuary is the main surface water body in the area and watercourses crossing
the Crossrail route alignment eventually flow into the estuary. All main rivers are shown on
the Drawings. Appendix C also contains a table listing rivers within 500 m along the tunnel
alignment and within 1000 m of stations, including ordinary and some minor watercourses.
The only main rivers along the Central Section route alignment are the River Lea and the
Bow Back Rivers System which includes the River Lea, City Mill River, Pudding Mill River,
Bow Back River and Waterworks River between Bow Portal and Stratford Station.
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Lost Rivers of London

The Lost Rivers of London is a term used for historic rivers, which have now been turned into
subsurface culverts or sewers.
Maps have been provided by Thames Water showing the location and names of current
sewers that are believed to be culverted Lost Rivers managed by Thames Water (TW). It is
concluded that all of these rivers have been incorporated into Thames Water’s network of
sewers. As a result, these flows no longer discharge freely into the Thames, except during
periods of exceptional rainfall. They are intercepted by a series of five cross-sewers, known
as the Low Level Interceptors (1 and 2), the Mid Level Interceptors (1 and 2) and the High
Level Interceptors, the first of which was constructed during the 1860s (see Barton 1992).
The table below shows the details of the identified lost rivers and TW Sewer names along the
Central Section.
Table 6.5: Lost Rivers/Sewers Crossed by the Crossrail Alignment
Former
River
Westbourne

Current TW Sewer

Sewer Alignment

Davies St

Bond Street

Fleet
Walbrook

Ranelagh Mainline Sewer
(upstream of Hyde Park)
Ranelagh Relief Sewer
(downstream of the
Serpentine in Hyde Park)
Branch of King’s Scholars’
Pond Sewer
Fleet Sewer
London Bridge Sewer

Cowcross St
Finsbury

Black Ditch

Limekiln Dock Sewer (1)

Westferry Rd

Farringdon Station
Moorgate Station Liverpool Street
Station
Lowell Street Shaft –
Isle of Dogs Station

Tyburn

(1)

Bishop’s Bridge
Rd

Route Window
Westbourne to
Paddington Station

The TW maps suggest that there might be another name for this sewer but no other details were

given.

(iii)

Floodplains and Flood Levels

The Environment Agency has developed a Flood Zone Map, showing the extent of the 1:100
year flood (Zone 3) for main rivers and the Thames Estuary. The Central Section route
alignment would cross flood plain at the River Lea and the section from Lowell Street Shaft to
Isle of Dogs would be on the tidal flood plain. The extents of the flood zones are shown on
the Drawings. Cross drainage structures on watercourses have been identified around the
Isle of Dogs Station and Pudding Mill Lane.
Flood levels to the upstream and downstream of hydraulic control structures have been
obtained for the River Lea river system (see Appendix H). Tidal flood levels at key points
along the Thames Estuary have been obtained from the Environment Agency for the year
2060 condition with allowance for both sea levels rise of 6 mm/yr and an increase in river
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flows. The tidal flow is very high compared to the fluvial flow in the Thames and the barrier
will be closed in the event of a significant storm surge, protecting London upstream of the
Barrier. The flood levels for the Thames are shown in the Table below. The level of service is
based on freeboard provision of 0.7 m downstream of the Barrier with a variable amount
upstream (minimum 0.4 m) depending on the Barrier closure condition.
The flood levels downstream of the Barrier are based on the assumption (A.C.4) that the
Barrier is closed but levels upstream are based on the Barrier being open. The Table
indicates that a storm surge event, during which the Barrier was not in operation, could lead
to overtopping of the flood defences in central London. This situation is considered highly
unlikely; with the Barrier in operation London is protected against a 1:1000 yr tidal event.
Table 6.6: Thames Flood Levels and Defences
Location

Flood Level (m AOD)
100

200

500

1000

Thames - Tower Pier1)

6.16

6.30

6.48

6.62

Thames - River Lea1)

5.90

6.04

6.22

6.37

Thames – Barrier

Existing Level of
Service of Flood
Defence
Minimum
Return
Defence Level Period
(mAOD)
(years)
5.28
1000
5.23

1000

6.9

1000

Thames – Gallions2)

5.98

6.12

6.34

6.50

7.2

1000

Thames - River
Roding2)
Thames – Erith2)

5.93

6.05

6.28

6.45

7.2

1000

5.78

5.91

6.09

6.25

6.9

1000

1)

Assuming the Barrier is open.

2)

Assuming the Barrier is closed.

The Environment Agency has commissioned several river modelling studies and results are
due within the next few years. The data obtained for Crossrail are based on the latest
available modelling results. Most of the studies are based on hydrological analyses using the
Flood Studies Report (FSR), rather than the more recent Flood Estimation Handbook (FEH).
Introducing the FEH could lead to higher levels in some of the catchments (e.g. Lea) and
incorporating the effects of any ongoing construction work on floodplain (eg. CTRL
extension) may have a similar effect. In order to take climate change into account, most
developments have been asked to use results from model runs using 100 year flows plus a
20% increase in flows according to the Environment Agency’s document, PPG25.
Predictions for 200 year events, where they exist, are likely to give similar water levels to
this.
PPG25 also refers to ‘functional floodplain’ and this is an important distinction from
‘floodplain’ since the functional floodplain may be much smaller than the topographic
floodplain where viable flood defences exist. For example, since land in east London is
protected by the Thames Barrier and river flood bunds to a 1:1000 year level, it is assumed
(A.C.5) to be classed as not being on the functional floodplain and therefore new
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development would be exempt from a need to consider compensatory storage. The
Environment Agency have been consulted on this point and confirmed that it is appropriate to
take existing flood defences into account where this is shown on the published flood plain
maps. However, the Environment Agency also advised that they would expect to see an
assessment of the impact of possible breach scenarios on the proposed development.
(iv)

Surface Water Quality

Water quality information for the major rivers in the area has been provided by the
Environment Agency (EA). The River Quality Objective (RQO) represents the target water
quality for each river. RQOs are mainly used to set conditions in the licences granted to
industry and commerce for surface water discharges. The General Quality Assessment
(GQA) is the Environment Agency’s national method for classifying water quality in rivers and
canals. The water quality is assessed using four separate categories: chemistry, biology,
nutrients, and aesthetics. Further details are given in Appendix C.
GQA and RQO have been reported, where data is available, for all river reaches crossing or
downstream of the Crossrail route alignment. The data are from 2003 and are presented in
Appendix C. The GQA and RQO scores are only determined for fresh water. Within the
central and eastern routes of the Crossrail alignment the River Thames is estuarine, the
GQA and RQO scores have not been determined for these reaches. The classification is
instead based on a score on biological, aesthetic and chemical quality. In 2000 the Thames
Estuary was classified as ‘good’ on 25 % of its length and ‘fair’ on the remaining. No
stretches of the Thames were classified as poor or bad. The area around Isle of Dogs
appears to be of a classified as ‘fair’. The quality is expected to improve over the next years
as the quality of discharges along the Thames is improving.
The River Thames is dominated by the tidal flow in the estuary and the resulting tidal current
influences the transport of sediments and substances. The water quality in the estuary
around the Isle of Dogs is influenced by discharges to the estuary (these include the
wastewater treatment plants at Beckton and Crossness) as the water is transported
upstream and downstream with the tidal current.
Water quality in the tidal reaches of the River Thames has improved considerably in the last
few years, primarily due to improvements in the treatment of wastewater discharged to the
river. However, the impact of wastewater discharges to the river can still clearly be seen in
the measured concentrations of a range of determinands. Generally the Thames has a high
content of suspended solids and nutrients resulting in algae growth. Water quality records
from the Thames are shown in Appendix C.
(v)

Surface Water Abstractions

The methodology for the assessment of licensed surface water abstractions considers
primarily, sites within the route corridor and secondarily, intakes further downstream of the
corridor. It is expected that the Environment Agency’s objection to a temporary or permanent
discharge or, possibly, a temporary abstraction would be governed by their RQO for the
surface water body since this encompasses potential derogation of abstraction licenses.
There are no surface water abstractions relevant for the Central Route Section.
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Surface Water Discharges

The Environment Agency has provided details of consented surface water discharges along
the route alignment. There are only a few discharges along the Central Section and these
are primarily outlets from sewers around the Isle of Dogs and the River Lea system.
Appendix C tabulates details of the consented surface water discharges and their locations
are marked on the Drawings.
6.3.4

Designated Nature Conservation Sites

Digital data sets of all designated national and international nature conservation sites (SSSI,
SPA, SAC, NNR and Ramsar) have been obtained from English Nature. Sites within 2 km of
the route and those downstream of river crossings have been noted and the citations
reviewed to establish which sites have water features that may be susceptible to impacts
imposed by the works. There are no such special designations within 2 km of the Central
Route Section or downstream of river crossings. Further consideration of ecological
designations and aquatic ecology issues is provided within the Ecology Technical Report.

6.4

Impacts and Mitigation – Central Section

6.4.1

Potential Impacts on Groundwater and Generic Mitigation

This section presents an overview of the route section wide impacts in the Central Route
Section and the reasons why certain potential impacts are considered as not applicable or
insignificant after generic mitigation. A summary of the route section wide impacts and
generic mitigation register is given in Appendix F. In general, the route section wide impacts
are taken, by default, to be applicable in all route windows and are, therefore, not discussed
in the text for each.
Exceptions to the default position can occur where either the work is different from the
general case or there are environmental receptors that have special features. The locations
of the exceptions are listed in the text below and further details are discussed in the later
sections on the relevant route windows.
The route wide impacts on groundwater and generic mitigation (see Chapter 4) are not
examined below. In particular, many construction activities leading to potential pollution of
surface and groundwater as temporary impacts would be dealt with through the provisions
for generic mitigation as described in Chapter 4 and Appendix B and are therefore not
discussed in detail herein.
(i)

Groundwater Levels and Flows

Temporary: The construction of Crossrail is assessed as having no significant temporary
effects on groundwater levels and flows in the shallow aquifer in the Central Route Section.
Exceptions occur around the Isle of Dogs and at sites where local dewatering may be used
to assist shaft sinking for which mitigation is proposed to ensure that residual impacts are
non-significant.
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A second type of influence may occur where the superficial aquifer has higher than expected
hydraulic continuity with the deep aquifer and the latter is being dewatered. This could occur
at hitherto undiscovered scour hollows though the London Clay or Lambeth Group around
the Isle of Dogs. This risk would be managed by updating the geological site investigations
(mainly by evidence of unusual lithology or fully hydrostatic pore pressure profiles) as the
work progresses. Engineering mitigation measures such as grouting or cut off walls would
then be designed to suit the circumstances.
Some excavation in the London Clay and, often, the Lambeth Group would also take place at
most sites. If sand lenses are encountered in any open face excavation such as for escalator
shafts and cross passages, some local dewatering would be undertaken. Groundwater levels
and flows in any sand lenses within the London Clay or upper Lambeth Group would also be
altered locally by construction of temporary sheet pile cut off walls. However, these lenses
are not considered as major or minor aquifers and no mitigation is considered necessary.
In general, groundwater levels and flows in the deep aquifer of the Chalk, Thanet Sands and
lower Lambeth Group would not be significantly altered since dewatering in these layers is
not normally required. Exceptions occur at the eastern end of the route section and are
described in route windows C10 to C13.
It is considered that Crossrail will not have any significant, permanent effect on groundwater
levels and flows in the deep aquifer in any of the Crossrail Route Sections. Where works are
constructed in the deep aquifer, they will obstruct transverse groundwater flows across the
alignment by blocking off both fissures in the Chalk and porous flow through the Thanet
Sands. There would be localised changes in the groundwater flow within these layers;
however, the effective thickness of the Chalk is large enough to enable flow to simply bypass
the obstruction caused by the works. No significant overall permanent change in
groundwater levels is expected. External grout and in situ concrete will prevent permeable,
longitudinal pathways developing.
Compensation grouting would be undertaken at a limited number of locations along the
Central Route Section to mitigate for the effect of settlement. At all these locations the
London Clay is present. Therefore, grouting would have no impact on groundwater levels or
flow in the deep aquifer. There may be some localised impacts on the permeability of the
surface aquifer, however, these would be limited in extent and would not cause a significant
impact on groundwater levels or flows. Any dewatering to install compensation grout shafts
through the shallow aquifer is assessed as being minor and having no significant impacts.
Permanent: In general, no significant permanent effects on groundwater levels and flows are
expected. Exceptions would occur where long cut off walls are constructed in the shallow
aquifer such as at portals (route windows C1-Westbourne Grove and C13-Pudding Mill
Lane), stations constructed by open excavation (route windows C2 – Paddington and C11Isle of Dogs) and long air vent ducts (route window C3 – Hyde Park Shaft). There is also a
theoretical risk that further exceptions may occur if the shallow aquifer is in the form of
narrow, gravel filled channels that are incised into the top of the London Clay and these
become blocked off by the works. However no such cases have been identified in the
existing data. The risk is assessed as being higher where former lost rivers have been
culverted or where tributaries may have existed (route windows C1 to C4, C6, C7, C10 and
C11). In all cases the approach to mitigating the risk is to update the lithological data and
groundwater level data as the site investigations and works proceed. The consequences of
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impeded flow can then be mitigated where required by providing drainage through the cut off
walls or, possibly, some form of filter drain around the perimeter of cut off walls or a drainage
layer over any sections of cut and cover tunnel.
(ii)

Groundwater Quality

Temporary: Temporary impacts on water quality in the shallow aquifer could occur as a
result of site operations and these are considered elsewhere under route wide impacts. The
shallow aquifer is generally non-potable and not utilised and so any water quality impacts
would be minor. Near the River Thames in the Isle of Dogs area, any dewatering of the
shallow aquifer would tend to induce infiltration of river water. However, the groundwater
quality in this area is already affected by the Thames, and therefore, impacts would not be
significant. A more general set of exceptions may occur where contaminated land or
groundwater exists and the groundwater flow regime in the shallow aquifer is modified by the
works. These potential impacts would be investigated and any necessary mitigation
measures proposed during the detailed design and construction phases as part of the
procedures for dealing with contaminated land.
Water quality in the deep aquifer would be temporarily affected by construction. Grouts,
concreting by-products, spoil conditioners and tailskin grease would come into contact with
groundwater and there are also risks associated with other chemicals such as hydraulic
fluids and bearing greases. However, the impacts are expected to be minor since
groundwater is usually seeping into the works and, as discussed under route wide generic
mitigation, relatively benign or biodegradable chemicals would be used and their
consumption would be monitored. There is a greater risk that the turbidity of groundwater
flowing in fissured Chalk would increase and this may indicate movement of some other
contaminants to an abstraction. A second class of groundwater quality impact occurs where
dewatering induces additional infiltration from the River Thames (as discussed in route
windows C10 and C11). Therefore, a risk arises that the water quality may become unusable
by the existing abstractor. This has been investigated further through study of the
groundwater model results as described in Appendix E.
Permanent: No permanent impacts on water quality are foreseen in the shallow or deep
aquifers. The shallow aquifer is non-potable and not utilised and any water quality impacts
would be minor. Where induced infiltration would occur in the deep aquifer, the water quality
has already been affected by historic infiltration from the Thames and so the impacts are not
significant.
There is a small, generic, residual risk that dewatering or tunnelling would activate a drift
filled hollow, scour hollow, fault or back filled water well and create a hydraulic pathway
through the London Clay or upper Lambeth Group and allow cross contamination to occur.
The few known hollows, faults and wells on the alignment are considered in the geotechnical
studies and are discussed in the relevant route window. It is possible that new sites would be
identified as the construction work progresses, the incidence of which would be monitored
through review of the geotechnical data as it becomes available.
There are potential impacts on groundwater quality related to decommissioning of temporary
works such as dewatering wells and temporary access shafts. These are referred to in the
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individual route windows but the arrangements for sealing them up would be as detailed in
the provisions for generic mitigation described in Appendix B.
It is assumed (A.C.6) that any specific mitigation measures required to ensure the integrity of
other underground structures would be determined during the detailed design phase.
(iii)

Mitigation and Compensation at Existing Wells

The following strategy would minimise and manage the residual risks at existing wells. This is
described in the relevant route windows where abstraction sources or Time of Travel Zones
occur.
A DESIGN check as part of the EIA and consultation process would focus on the spatial
relationship between the railway and the abstraction well. Construction levels would be
compared with data on lengths of borehole already sealed off by grouting and casing,
data on zones of inflow that supply the abstraction boreholes and adits, as well as data
from stratigraphy and deeper site investigation (SI) drilling. The actual risk of derogation
of quality at the borehole would be refined after examination of both the horizontal and
vertical separation of the source and receptor of the potential pollutants.
A WELL YIELD impact assessment would be made to determine the effect at an
abstraction source of predicted drawdowns due to dewatering as given in Appendix E.
The main issues are firstly whether the pump is or can be set low enough within a
section of suitable borehole geometry to maintain pumping. The second issue is whether
the extra drawdown might cause a drop in available yield from the aquifer to the
borehole because of a drop in effective saturated thickness. The seriousness of either
issue is often small in central London because wells were often built with many metres of
suitably sized blank steel casing to pass through all the overlying strata to reach the
depth at which fissured Chalk is encountered. Furthermore, pump settings are often
deep enough to withstand some extra drawdown because they were often determined
on the basis of the much deeper rest water levels which obtained several decades ago.
If mitigation is deemed necessary, measures could include lowering an existing pump,
well cleaning to reduce the drawdown requirement, or, provision for an alternative source
(usually public water supply) to be used in a drought.
An agreement with the well owner would be sought on the scope for routine water quality
MONITORING at abstraction sources. The need for intermediate monitoring holes and
procedures for water and contaminant testing during construction and operation would
be discussed with the well owner and the Environment Agency.
MANAGEMENT solutions would be sought. These could cover the scope for minimal or
no pumping by the owner when construction is going on nearby, checks on what the
water quality needs are and what water treatment is in place at the sources, checks on
arrangements to provide bulk supply from elsewhere, and checks for possible needs to
restructure licenses and scope for the Environment Agency to facilitate this.
CONTINGENCY PLANNING would include use of sources to pump to waste, possible
use of site investigation or other boreholes for scavenge pumping of contaminated water
and disposal of oils or fire fighting chemicals from shafts during construction and
operation.
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Consultation with well owners has commenced to obtain the site specific data and to provide
a basis for agreeing any compensation that may become due where derogation of a right
occurs as a result of Crossrail.
6.4.2

Potential Impacts on Surface Water and Generic Mitigation

The route wide impacts on surface water and generic mitigation described in Chapter 2 are
not re-examined in this section. As described for groundwater in Section 6.4.1 above,
potential temporary pollution of surface water from construction activities would be dealt with
through the provisions for generic mitigation described in Appendix B.
(i)

Floodplains and Cross-Drainage Structures

Temporary and Permanent: In general, no construction on unprotected floodplains or
remodelling of cross-drainage structures is planned that may reduce the floodplain storage
by taking up storage space below the design 1:100 year plus 20% increase in peak
discharge flood level required by PPG25 (issued by ODPM).
The only exceptions occur in the Isle of Dogs (route window C11) and upstream of the River
Lea crossing at Pudding Mill Lane (route window C13).
(ii)

Lost Rivers of London

The Lost Rivers, now sewers, might be impacted temporarily or permanently by the Crossrail
construction works and permanent structures by; 1) re-alignment, 2) increased discharge
from temporary or permanent works, or, 3) change to water quality as result of discharges.
The status of the Lost Rivers has been investigated and it was concluded that they should be
treated as utilities. Designs incorporating any permanent works on the sewers or making new
connections to them are therefore the subject of negotiations with Thames Water. The
Environment Agency has confirmed by email of 15 October 2003 that they do not regard
these sewers as ‘ordinary watercourses’ requiring their approval for such works. By
application of the provisions for generic mitigation described in Appendix B, Crossrail would
ensure that adverse impacts on flows and water quality are minimised to some extent from
construction works and permanent infrastructure. This allows impacts 1) and 3) above to be
covered.
Impact 2) is potentially more complex. However, it is now assumed (A.C.7) that the Lost
Rivers are part of the combined sewer system of central London and, therefore, this issue is
covered under surface run-off intensity below.
(iii)

Surface Run-Off Intensity

Temporary and Permanent: It is assumed (A.C.8) that all runoff and tunnel drainage in the
Central Section would go to combined sewer after achieving run off intensities that are not
worse than existing, or as otherwise acceptable to Thames Water, and the generic
assessment is, therefore, that there are no impacts. Site specific exceptions have been
identified where hard surfaces such as roofs, track bed and accesses are replacing
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permeable surfaces such as parks, gardens or surface rail track. These are discussed in the
relevant route windows such as C1 and C3.
In a few cases, temporary work sites would occupy permeable surfaces and create the
potential to increase run off to sewers. These are discussed in the relevant route windows
such as C3 (Hyde Park), C4 (Hanover Gardens), C7 (Finsbury Circus), C8A (Mile End Park),
C9 (Stepney Green) and C12 (Mile End Park).
(iv)

Surface Water Quality

Temporary: The proposed works are assessed as having no generic temporary impacts on
surface water quality since, through the provisions for generic mitigation described in
Appendix B, construction site practices would be organised to avoid pollution as discussed
under route wide generic mitigation. Specific exceptions occur where discharges from
dewatering to surface water are planned or where works would take place in or near water
bodies. These are discussed in the relevant route windows such as C3 and C10 to C13.
Permanent: The works would generate no permanent impacts in general because there are
no discharge licences being sought or changes in run off.

6.5

Route Window C1 - Royal Oak Portal

6.5.1

Scheme Description

(i)

Overview

The Crossrail route would run along surface railway within the existing rail corridor through
the western part of this route window. The route would then pass into a tunnel at Royal Oak.
The figure below shows the main features within the route window.
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Figure 6.2: Route Window C1 – Royal Oak Portal

The permanent works would consist of:
•

a train reversing facility at Westbourne Park and track alterations to the Great
Western main line;

•

an approach ramp, a portal at Royal Oak, a cut and cover tunnel, and twin-bore
tunnel commencing at Westbourne Park; and

•

Westbourne Bridge shaft containing intervention and ventilation facilities.

(ii)

Westbourne Park Reversing Facility

A reversing facility would be constructed at Westbourne Park, to the west of Royal Oak portal
to enable Crossrail trains terminating at Paddington to turn around. The reversing facility
would consist of:
•

two 210m length island platforms and four tracks; and

•

emergency access to/from street via footbridges.

Track alterations to the GWML would also be needed to accommodate the facility and the
two Crossrail lines. The current six-track layout between Ladbroke Grove Junction and
Paddington would be amended to commence approximately a mile further east at Subway
Junction. The facility would require initial track modifications to the GWML involving the
removal of two of the existing six tracks. This would be followed by construction of two island
platforms and four tracks for the new Crossrail lines at the reversing facility.
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Royal Oak Portal and Approach Ramp

A 310 m long approach ramp would descend into the portal, which would be located at Royal
Oak to the west of Lord Hill’s Bridge. The approach ramp would be constructed within a
retained cutting. A 280 m long covered box would be constructed between the portal and the
tunnel eye.
The Ranelagh sewer would be temporarily diverted to permit the construction of part of the
portal. It would then be permanently diverted back onto its original alignment, above the
portal.
Electrical equipment would be added to an existing feeder station to the north of the railway,
east of Great Western Road.
Construction of a temporary surface rail siding facility and conveyor to move excavated
material at Royal Oak Worksite East would be completed approximately a year into the
tunnelling programme. This would be used to support the removal of excavated material and
the delivery of tunnel segments. The rail sidings and conveyor system would be removed
after the completion of the tunnel drives.
There would be three worksites used for these works: Royal Oak worksite east, Royal Oak
worksite west and Paddington Central.
(iv)

Westbourne Bridge Shaft

To the east of Ranelagh Bridge, a shaft at the tunnel eye would provide access for the
launch of the tunnel boring machines and would subsequently become a permanent
ventilation and intervention shaft. The shaft would have a plan area of 8m2 and would include
a surface-level structure of 4 m height. A new access road would be provided from Harrow
Road roundabout through the Paddington Central development (in the former Paddington
goods yard), and hard standing would be provided for emergency vehicles.
(v)

Twin-bore Tunnels

Six metre diameter twin-bore tunnels would descend from a depth of approximately 15 m at
the tunnel eye at Westbourne Bridge shaft. From here the tunnels would continue to descend
an approximate depth of between 20 and 30 m at Paddington station. The tunnel eye at the
start of the bored tunnel would be located between Ranelagh and Westbourne Bridges at the
bottom of the Westbourne Bridge Shaft.
(vi)

Duration of Works

The construction, fitting out and commissioning of the Royal Oak portal and the Westbourne
Bridge shaft would take approximately four years. The twin tunnel drives to Fisher Street
shaft from Royal Oak portal start during this period and this together with the installation of
mechanical and electrical equipment would take approximately three years.
The construction of the Westbourne Park reversing facility would take place over a period of
about one year and eleven months, commencing after completion of the tunnel drives.
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Additional Description Assumed for Water Resources Assessment

At Westbourne Park the depth of construction is likely to be 1 mBGL pending further
geotechnical investigations. Drainage would be provided for the new tracks and platforms,
and it is assumed (A.C.9) by the designers that this could be connected into existing track
drainage.
The 310 m long approach ramp from the surface railway at the portal would be piled, then
diaphragm walled. The 280 m long cut and cover section including the 20 m long TBM
launch shaft would also be diaphragm walled. The shaft would become a combined
intervention and vent shaft in the permanent works. The tunnel would be constructed in the
London Clay which has a thickness of more than 30 m below the lowest level of work.
Track drainage and cover slab drainage would be re-routed along the tunnels to a pump
sump before discharging to a sewer. This would attenuate any surface runoff from the
existing land surface and provide holding / interceptor capacity in the event of a spill or fire.
6.5.3

Baseline Data

The geology of route window C1 comprises London Clay overlain by Alluvium and Made
Ground. Results from a geotechnical desk study of the Westbourne site suggest that the
Made Ground is a thin layer (<2 m thick). Ground level is approximately 121.9 mATD and the
top of the London Clay is found at 119.7 mATD. No shallow groundwater has been
encountered, but isolated pockets of groundwater are thought to be present within the Made
Ground. The 2003 Chalk groundwater levels were approximately between 65 and 70 mATD.
There are no groundwater abstractions within the route window.
The Paddington branch of the Grand Union Canal passes north of the alignment at a
distance of only 100 m to the north of the Westbourne Park turnback facility. In this reach the
water has a chemical GQA of E (poor) and a grade 4 RQO. There are no surface water
abstractions or discharges within the route window and it is not situated on a floodplain.
Baseline data relevant for route window C1 are summarised in the table below.
Table 6.7: Summary of Baseline - Route Window C1
Item

Subject

1a Geology – Superficial
deposits
1b Solid geology
2 Chalk groundwater levels
3

Groundwater quality

4

Groundwater abstractions
and protected rights
Groundwater protection
zones/Time of travel zones

5

Details

Drawing
1E0421-

Made Ground and Alluvium
London Clay (from 2.5 mBGL)
65 to 70 mATD (2003)
Shallow: Non-potable
Deep: Increased salinity
None
None
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Item

Subject

6a Main Rivers
6b Other watercourses
7

Cross London Rail Links Limited

Details
None
Grand Union Canal

GQA: Poor (E)
RQO: Grade 4
8 Surface water abstraction
None
9 Surface water discharge
None
10 Floodplains and flood levels None
6.5.4

River quality

Id

Paddington
Branch
Paddington
Branch

Drawing
1E0421C1E00-E00F-00201

Impact Assessment

Chapter 4 and Section 6.4 describe route wide and route section wide impacts and generic
mitigation measures respectively. In addition, route window specific impacts and mitigation
measures have been identified and are described below. A summary is given in Appendix F.
(i)

Groundwater

Temporary: None.
Permanent: The tunnel portal would act as a barrier to lateral groundwater flow in the
shallow aquifer over a length of approximately 310 m. Based on the work described in
Appendix E, a maximum rise and fall in the groundwater levels next to the structure of
around 1.6 m is predicted assuming (A.C.10) plausible aquifer properties. The London Clay
is generally very shallow in this area with a depth of overburden of less than 2.5 m and so
flows, if any, are small and the elevations are such that the existing track drainage would act
as a control on rising levels.
There is a small risk of an as-yet undiscovered water filled channel being eroded into the top
of the London Clay along the line of a former Westbourne River (crossing the route alignment
in the area around Westbourne Bridge). This could potentially have greater flows so the
width and potential groundwater flows within any such channel deposits would be
investigated further through site investigation and monitored during construction.
Drainage, including any track drainage, would be provided around the structure if necessary
and the overall impacts would be minor, leading to no significant residual impact.
(ii)

Surface Water

Temporary: Good site practice would be implemented to avoid significant pollution of, or
runoff to, surface waters, specifically the Grand Union Canal, from the Royal Oak Worksite
West caused by overland flow or discharge into drainage pipes or storm water sewers
connected to the canal. This would be a special concern if the track realignment works led to
relatively large areas of exposed earthworks compared to other sites, and because of the
spoil and tunnel fluid handling facilities. Good site practice would be enforced via the
provisions for generic mitigation described in Appendix B; therefore there would be no
significant residual impacts.
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Permanent: Any drainage to be installed for the new tracks and platforms at Westbourne
Park turnback facility would be connected to the existing drainage system as described
under route wide impacts and generic mitigation. Only a minor increase in discharges to
sewer would occur, leading to no significant residual impacts. Consultation with Thames
Water has been initiated.
The Royal Oak Portal would lead to increased surface runoff to drainage where rainfall falls
over the base slab. However, runoff would pass through the tunnel drains where some
evaporation would take place. It would then be collected in pump sumps that are sized to
cope with bursts in the fire main and this would provide adequate attenuation of peak runoff.
The provision of a pumping sump would provide a minor improvement to the water
environment in the event of a spill or fire. A pumping sump would also be used during the
temporary phase for normal and emergency use. The increase in discharge to the sewer
would thus be small leading to no significant residual impacts.
(iii)

Residual Impacts

There would be no significant residual impacts from temporary or permanent works.

6.6

Route Window C2 – Paddington Station

6.6.1

Scheme Description

(i)

Overview

Crossrail’s twin-bore tunnels would pass beneath the surface railway lines that run into
Paddington station. The route would then follow the alignment of Eastbourne Terrace before
continuing under Spring Street and Sussex Square in twin-bore tunnels tunnels, with rails at
a depth of between approximately 20 and 30 m below street level.
The figure below shows the main features within the route window.
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Figure 6.3: Route Window C2 – Paddington Station

(ii)

Paddington Station

The new Crossrail station would provide an interchange with LUL and National Rail services.
Two ventilation structures at the eastern and western ends of the box would be constructed.
These would include emergency intervention facilities.
The enabling works would include:
•

diversion of public utilities (including the sewer in Eastbourne Terrace);

•

temporary relocation of the taxi rank from Eastbourne Terrace to the area on the
north side of the station occupied by the Lynx building (formerly Red Star).

A spur of the Paddington branch of the Grand Union Canal passes immediately north of the
existing mainline station.
(iii)

Twin-bore Tunnels

Six metre diameter twin-bore tunnels would be constructed with rails at a depth of between
approximately 20 m and 30 m below street level.
(iv)

Duration of Works

The construction of Paddington Crossrail station including fit out and commissioning would
take approximately five years to complete.
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Additional Description Assumed for Water Resources Assessment

Paddington Station would be constructed as an approximately 274 m long box beneath
Eastbourne Terrace excavated using the top down method. It would be founded in the
London Clay approximately 30 mBGL between diaphragm walls to provide a cut-off through
the overburden. Dewatering would be minimised to reduce the risk of settlement, and no
drainage would be provided below the base slab for the same reason. An inner drainage
system may, therefore, be provided to collect any seepage.
6.6.3

Baseline Data

The geology of route window C2 consists of London Clay, overlain by Made Ground and
Terrace Gravels the west. The London Clay is shallow and in boreholes it is encountered at
118.5 to 122.85 mATD from about 3 m below ground level which varies from 122.65 to
127.1 mATD (stratigraphy based on boreholes P1 to P11). The piezometric surface in the
shallow aquifer has been encountered approximately one metre above the top of the London
Clay at 119 – 120 mATD with fluctuations of around 0.2 m measured in 1992. One of the two
data measured was 3 m higher in early 1994. There are no groundwater and surface water
abstractions or discharges within the route window.
A spur of the Paddington branch of the Grand Union Canal passes immediately to the north
of Paddington Station. In this reach the water has a chemical GQA of E (poor) and a RQO of
grade 4. The route window is not on a floodplain.
The former Westbourne River now runs in culvert across the route window.
Baseline data relevant for route window C2 are summarised in the table below.
Table 6.8: Summary of Baseline - Route Window C2
Item

Subject

1a

Geology – Superficial
deposits

1b

Solid geology

2

Chalk groundwater levels

3

Groundwater quality

4

Groundwater abstractions
and protected rights
Groundwater protection
zones/Time of travel zones
Main rivers
Other watercourses

5
6a
6b

Details
Made Ground (2.8 to 4.5 m
thick), Terrace gravels (0 to
4.5 m thick)
London Clay (from 3 to
4.5 mBGL)
70 to 75 mATD (2003)

Drawing
1E0421-

C1E00-E00F-00301
C1E00-E00F-00301

Shallow: Non-Potable
Deep: Increased salinity
None
None
None
Grand Union Canal
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River quality

GQA: Poor (E)
RQO: Grade 4
Surface water abstraction
None
Surface water discharge
None
Floodplains and flood levels None

Paddington
Branch

Impact Assessment

Chapter 4 and Section 6.4 describe route wide and route section wide impacts and generic
mitigation measures respectively. In addition, route window specific impacts and mitigation
measures have been identified and are described below. A summary is given in Appendix F.
(i)

Groundwater

Temporary: The tunnel would be constructed in London Clay, and dewatering of the deep
aquifer would not be required.
Permanent: The station box would act as barrier to lateral groundwater flow in the shallow
aquifer and any sand lenses in the London Clay over a length of around 250 m. As described
in Appendix E, a maximum rise and fall in the groundwater levels at 20 m from the structure
of up to 1.3 m has been predicted, assuming (A.C.10) plausible aquifer properties. The
London Clay is generally very shallow in this area with a depth of overburden of less than 4.5
m and so flows are small. In addition, natural flows may have been affected by the cellars to
Paddington Station, the Circle and District London lines, existing sewers and the surrounding
buildings. In comparison to the current fluctuation in water levels which may be of the order
of 0.2 m, the impacts are significant. The width and potential groundwater flows within the
superficial deposits would be investigated further through site investigation and monitored
during construction. Potential mitigation measures could include provision of drainage
installed around the station box to overcome excessive groundwater level rises. There would
be no significant residual impacts. The predicted water level changes have been passed to
other specialists for examination of the potential impacts on building foundations.
There is a small risk of an as-yet undiscovered water filled channel being eroded into the top
of the London Clay along the line of a former left bank tributary of the Westbourne River. This
could potentially have greater flows so the width and potential groundwater flows within any
such channel deposits would be investigated further through site investigation and monitored
during construction. Changes to groundwater levels can be mitigated if necessary by
introducing drainage around the structure leading to no significant residual impacts.
(ii)

Surface Water

Temporary: Good site practice would be implemented to avoid significant pollution of, or
runoff to, surface waters, specifically the Grand Union Canal, from the Paddington worksites
caused by discharge into drainage pipes or storm water sewers connected to the canal.
Good site practice would be enforced via the provisions for generic mitigation described in
Appendix B and, therefore, there would be no significant residual impacts.
Permanent: None.
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Residual Impacts

There would be no significant residual impacts from temporary or permanent works. There
would be a minor, permanent, non significant residual impact on groundwater levels in the
shallow aquifer caused by the station box acting as a barrier to groundwater flow.

6.7

Route Window C3 – Hyde Park & Park Lane Shafts

6.7.1

Scheme Description

(i)

Overview

Crossrail’s twin-bore tunnels would pass between Lancaster Gate in the west and Park
Street in the east with the rails at an approximate depth of between 27 m and 34 m below
street level. East of Lancaster Gate the alignment runs under Hyde Park roughly parallel with
Bayswater Road and then parallel to Oxford Street. Other permanent works would consist of
provision of a shaft in Hyde Park and another shaft in Park Lane.
The figure below shows the main features within the route window.
Figure 6.4: Route Window C3 – Hyde Park & Park Lane Shafts

(ii)

Hyde Park Shaft

A ventilation and emergency intervention shaft would be constructed on the northern
boundary of Hyde Park, in the vicinity of Victoria and Clarendon Gates. A ventilation terminal
will be constructed immediately west of Victoria Lodge and next to the pet cemetery. The
6-35
203357/31/Final/Feb 05
Chapter 6 - Central Section Rev103.doc

Crossrail Line 1

Mott MacDonald

Assessment of Water Impacts Technical Report

Cross London Rail Links Limited

structure would be approximately 15 m by 10 m in area by 12 m deep (protruding about 2 m
above ground level) and would contain service equipment. This structure would be
concealed by a low wall.
From this point, a horizontal tunnel (the ventilation passage) of between 8 and 13 m width
would run eastwards to the shaft itself, located under North Carriage Drive. An intervention
passage would run from the shaft to an entrance hatchway adjacent to Bayswater Road. The
vertical shaft to the twin-bore tunnels would be 13 m in internal diameter. The bottom of the
shaft would be connected to the twin-bore tunnels by adits.
(iii)

Park Lane Shaft

A ventilation and emergency intervention shaft would be constructed within the central
reservation of Park Lane immediately south of Marble Arch and opposite Green Street. A
ventilation terminal of 7.5 m diameter and 2 m high would be constructed over the shaft, with
equipment rooms provided in a concrete box below. The vertical shaft to the tunnels would
have an internal diameter of 12.5 m. An access stair to the surface would be provided.
(iv)

Twin-bore Tunnels

Six metre diameter twin-bore tunnels would descend until the rails are at an approximate
depth of 34 m below street level at Hyde Park shaft before rising to an approximate depth of
27-28 m below street level at Park Lane.
(v)

Duration of Works

The construction including fitting out and commissioning of the Hyde Park shaft would be
undertaken over a period of approximately four years.
The construction including fitting out and commissioning of the Park Lane shaft would be
undertaken over a period of approximately three years and ten months.
6.7.2

Additional Description Assumed for Water Resources Assessment

Hyde Park Shaft: The ventilation passage would comprise 200 m of cut and cover tunnel. A
smaller cut and cover escape tunnel would run from the main shaft. Both of these tunnels
would have 2 m of soil reinstated above the roof slabs which would be cast in situ between
diaphragm walls. A drainage blanket above the roof and breaks in the residual diaphragm
wall upstands would be provided to mitigate impacts on drainage.
The main shaft would be constructed as a diaphragm walled box from ground level at around
124.5 mATD with a segmental lining then sunk to 118 mATD and with shotcrete spray
concrete lining used below this to the running tunnels and to the base of a pumping sump at
81 mATD. Grouting around the shaft would possibly be needed in the superficial deposits.
Temporary landtake for construction activities is required in Hyde Park in the North Carriage
Drive area, the road itself being already hardstanding. The Hyde Park shaft would be sited
on the edge of the park grasslands draining towards the Serpentine.
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Park Lane Shaft: The Park Lane shaft would have a 20 m long basement constructed as a
walled box. Segmental lining would then be sunk to 116 mATD with SCL to the base of the
shaft at around 94 mATD. Grouting around the shaft would possibly be needed in the
superficial deposits.
The Park Lane shaft is separated from the grassland of the main open area by the
northbound carriageway of Park Lane. The construction worksite would require temporary
landtake on the Park Lane central reservation.
Tunnels: The running tunnels would be constructed in the London Clay with a thickness of
27 m below the lowest level of work at Hyde Park Vent Shaft and 22 m at Park Lane Vent
Shaft.
6.7.3

Baseline Data

The geology of route window C3 comprises London Clay overlain by Made Ground and
Terrace Gravels. Ground levels are around 124.5 mATD at Hyde Park and 127 mATD at
Park Lane. The top of the London Clay is around 118 to 120 mATD and the superficial
deposits are thus 4 to 9 m thick based on SI boreholes RT10X, RT11, RT12 and RT15 RT17. The piezometric surface in the shallow aquifer was around 120-120.5 mATD at Hyde
Park and 119.5 mATD at Park Lane with fluctuations of around 0.2 m when measured in
1992. One of the two measurements at Hyde Park was 1.5 m higher in early 1994.
There are no groundwater and surface water abstractions or discharges. The Serpentine and
Longwater are located in Hyde Park less than 300 m to the south of Hyde Park Shaft and
less than 700 m from Park Lane Shaft.
Baseline data relevant for route window C3 are summarised in the table below.
Table 6.9: Summary of Baseline - Route Window C3
Item
1a

Subject

1b

Geology – Superficial
deposits
Solid geology

2

Chalk groundwater levels

3

Groundwater quality

4

6a
6b

Groundwater abstractions
and protected rights
Groundwater protection
zones/Time of travel zones
Main rivers
Other watercourses

7

River quality

5

Details

Drawing
1E0421-

Made Ground, Terrace gravels
London Clay (from 118 to
120 mATD)
Approx. 62-64 mATD (2003)
Shallow: Non-Potable
Deep: Increased salinity
None

C1E00-E00F-00301
C1E00-E00F-00301

None
None
The Long Water/ The
Serpentine
Not applicable
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Item
8
9
10
6.7.4

Subject
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Details

Id

Drawing
1E0421-

Surface water abstraction
None
Surface water discharge
None
Floodplains and flood levels None
Impact Assessment

Chapter 4 and Section 6.4 describe route wide and route section wide impacts and generic
mitigation measures respectively. In addition, route window specific impacts and mitigation
measures have been identified and are described below. A summary is given in Appendix F.
(i)

Groundwater

Temporary: The tunnel would be constructed in London Clay, and dewatering of the deep
aquifer would not be required.
Good site practice would be implemented to avoid pollution of shallow groundwater,
specifically seepages into the Serpentine/Long Water and from grouting works. This would
be enforced via the provisions for generic mitigation described in Appendix B; therefore there
would be no significant residual impacts.
Permanent: The cut and cover connecting tunnel at Hyde Park would act as a barrier to
lateral groundwater flow in the shallow aquifer over a width of approximately 220 m. As
described in Appendix E, a maximum rise and fall in the groundwater levels 20 m away from
the structure of up to around 1.1 m has been predicted assuming (A.C.10) plausible aquifer
properties. However, the shallow aquifer is thin and so flows are likely to be small. The width
and potential groundwater flows within the superficial deposits would be investigated further
through site investigation and monitored during construction. Potential mitigation measures
could include provision of a drainage blanket over the slab and breaks in the wall upstands.
There would be no significant residual impacts.
There is a small risk of an as-yet undiscovered water filled channel being eroded into the top
of the London Clay similar to the former ‘Tyburn’ stream (not the Tyburn River which was
further east) which arose somewhere between the two shaft sites and passes through a
branch of the Kings Scholar’s Pond Sewer (see Barton 1992, Chapter 4). This could
potentially have greater flows so the width and potential groundwater flows within any such
channel deposits would be investigated further through site investigation and monitored
during construction. Changes to groundwater levels around a structure could be mitigated if
necessary by introducing drainage around the structure leading to no significant residual
impacts.
(ii)

Surface Water

Temporary: Good site practice would be implemented to avoid significant pollution of, or
runoff to, surface waters, specifically the Longwater from the Hyde Park worksite. However,
the presence of the sensitive receptors and the open nature of the area suggest that a cut-off
ditch with a pumped outlet to a sewer or sediment tanks may be needed as an additional
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precaution to avoid overland flow off the Hyde Park site unless the highway drains provide
adequate protection. Good site practice would be enforced via the provisions for generic
mitigation described in Appendix B, and there would therefore be no significant residual
impacts.
Permanent: There would be an increase in drainage need where roof slabs and new
accesses are constructed around both the shafts and reduce natural infiltration into the
shallow gravels. At Hyde Park the area requiring surface water drainage is minimal and the
detailed design would probably involve pumping to combined sewer, although at Park Lane
there is a possibility that drainage could be directed to a soakaway via a catchpit using
SUDS principles instead. There would be no residual impacts.
(iii)

Residual Impacts

There would be no significant residual impacts from temporary or permanent works. There
would be a minor, permanent, non significant residual impact on groundwater levels in the
shallow aquifer caused by the cut and cover connecting tunnel at Hyde Park acting as a
barrier to groundwater flow.

6.8

Route Window C4 – Bond Street Station

6.8.1

Scheme Description

(i)

Overview

The main features within this route window are the Crossrail tunnels that would pass
between Park Street in the west and Poland Street in the east, at an approximate depth of 26
to 32 m below street level, the new below-ground station at Bond Street and the western and
eastern ticket hall and ventilation structures on Davies Street and in Hanover Square
respectively.
The figure below shows the main features within the route window.
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Figure 6.5: Route Window C4 – Bond Street Station

(ii)

Bond Street Station

The station would include two platforms fitted out to a length of 210 m, although the station
tunnels would be constructed to facilitate extensions to 245 m should the need to operate
longer trains arise. Two new ticket halls would be constructed, a western facility at 65 Davies
Street and an eastern equivalent at 18/19 Hanover Square.
Prior to the main construction works, a sewer running north-south close to 65 Davies Street
would be diverted. A sewer in Weighhouse Street would also be diverted prior to the main
construction works.
A temporary access shaft would be formed at the Hanover Square worksite which would take
place over approximately a seven month period. The station tunnels would be excavated
from Hanover Square towards Davies Street over a period of approximately one year and
nine months. The temporary access shaft would be backfilled and Hanover Square
reinstated after approximately four years.
In order to mitigate impacts associated with settlement at Bond Street station, it is likely that
compensation grouting would be undertaken. This is a technique by which the ground loss
arising from the excavation is replaced by material (grout) pumped into the ground. This
requires grout shafts in the vicinity of buildings for which the effects of settlement are
predicted to be significant.
(iii)

Twin-bore Tunnels

Six metre diameter twin-bore tunnels would be constructed so that the rails would lie at 26 m
to 32 m below street level at Bond Street station.
6-40
203357/31/Final/Feb 05
Chapter 6 - Central Section Rev103.doc

Crossrail Line 1

Mott MacDonald

Assessment of Water Impacts Technical Report

(iv)

Cross London Rail Links Limited

Duration of Works

The construction, including fit out and commissioning, of the station at Bond Street would be
undertaken over a period of about five years.
6.8.2

Additional Description Assumed for Water Resources Assessment

The running tunnels would be mostly constructed in the London Clay. At the western station
box the diaphragm walls may extend into the Upper Mottled Clay of the Lambeth Group. The
eastern station box would have a secant piled box forming a shallow basement over the
whole site, with a deeper section descending to platform level.
The temporary access shaft in Hanover Square would be 30 m deep and would be created
within the western quadrant of the Hanover Square Gardens. . The shaft would be
constructed by wet caisson sinking a pre-cast concrete segmental lining through the Terrace
Gravels. Once the segmental lining is sufficiently far into the London Clay to minimise water
ingress, construction would then proceed using the SCL method.
Appendix G contains details of utility works in relation to water resources.
6.8.3

Baseline Data

The geology of the route window comprises London Clay, reportedly overlain by Made
Ground and Terrace Gravels although CIRIA (1993) shows a channel of Recent Alluvium
running along the line of the former Tyburn River (now culverted beneath South Molten Lane)
Ground levels are around 123.5 mATD to the west and east falling to around 119 mATD at
Bond Street. The top of the Thanet Sands is at approximately 70.2 mATD. The piezometric
surface in the shallow aquifer fell from around 119-119.5 mATD west of Bond Street to 116117mATD at Bond Street and 119 mATD at Hanover Gardens when measured in 1992-93.
The one measurement made in early 1994 was 1 m higher.
In 2003, the Chalk groundwater levels were between 60 mATD and 65 mATD. An abstraction
well just north of the route window has a conductivity of 1860 µS/cm indicating that the water
is marginally non potable.
There is one licensed groundwater abstraction within the route window. This well is licensed
to the Capital and Counties Property Company Ltd for commercial/industrial use and water is
abstracted from the Chalk aquifer. The TTZ has not been calculated as the proposed work
would be separated from the aquifer by a thick layer of London Clay.
There are no surface water crossings and the route window is not on a floodplain.
Baseline data relevant for route window C4 are summarised in the table below.
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Table 6.10: Summary of Baseline - Route Window C4
Item
1a

Subject

1b

Geology – Superficial
deposits
Solid geology

2

Chalk groundwater levels

3

Groundwater quality

4

6a
6b
7
8
9
10

Groundwater abstractions
and protected rights
Groundwater protection
zones/Time of travel zones
Main rivers
Other watercourses
River quality
Surface water abstraction
Surface water discharge
Floodplains and flood levels

6.8.4

Impact Assessment

5

Details

Id

Drawing
1E0421-

Made ground, Terrace Gravels
London Clay from 113116 mATD underlain by Upper
Mottled Clay at 85-92 mATD.
60 to 65 mATD (2003)
Shallow: Non-Potable
Deep: Increased salinity
1 abstraction licence

83

C1E00-E00F-00301
C1E00-E00F-00301
C1E00-E00F-00301

Not calculated
None
None
Not applicable
None
None
None

Chapter 4 and Section 6.4 describe route wide and route section wide impacts and generic
mitigation measures respectively. In addition, route window specific impacts and mitigation
measures have been identified and are described below. A summary is given in Appendix F.
(i)

Groundwater

Temporary: The station tunnel would be constructed in London Clay with diaphragm walls
reaching the Upper Mottled Bed of the Lambeth Group. Dewatering from the deep aquifer
would not be required for the construction of Bond Street Station since founding levels are
above the Chalk groundwater level. The groundwater abstraction (Id 83) is located
approximately 180 m from the tunnel alignment and is considered to be unaffected since
layers of clay and unsaturated lower Lambeth Group of substantial thicknesses separate the
deep aquifer from the works. The sewer diversion (AW/004) would have less impact than the
main Crossrail works.
Permanent: The station tunnel would act as a barrier to lateral groundwater flow in the sand
lenses in the London Clay since the diameter is larger than the running tunnels. The impact
of blocking off such lenses is not considered significant.
There is a small risk of an as-yet undiscovered water filled channel eroded into the top of the
London Clay associated with the former Tyburn River. This could potentially have greater
flows so the width and potential groundwater flows within any such channel deposits would
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be investigated further through site investigation and monitored during construction. Changes
to groundwater levels around a structure could be mitigated, if necessary, by introducing
drainage around the structure, leading to no significant residual impacts.
(ii)

Surface Water

Temporary: The use of part of Hanover Square gardens would result in a temporary
increase in flows to sewer and a reduction in infiltration. Good site practice would be
implemented to avoid significant pollution of, or overland flow into, the remainder of the
gardens. This would be enforced via the provisions for generic mitigation described in
Appendix B; there would therefore be no significant residual impacts.
Permanent: None.
(iii)

Residual Impacts

There would be no significant residual impacts from temporary or permanent works. There
would be a minor, temporary, non significant impact caused by the risk of polluted surface
runoff to the Hanover Gardens.

6.9

Route Window C5 – Tottenham Court Road Station

6.9.1

Scheme Description

(i)

Overview

Crossrail’s twin-bore tunnels would pass between Poland Street in the west and Jockey’s
Fields in the east with rails at a depth of approximately 24 m below street level. As well as
the twin-bore tunnels, the permanent works would consist of a new station at Tottenham
Court Road with two ticket halls, each with a street entrance, and a new shaft at Fisher
Street.
The figure below shows the main features within the route window.
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Figure 6.6: Route Window C5 – Tottenham Court Road Station

The permanent works will consist of:
•

twin-bore tunnels;

•

a new station at Tottenham Court Road consisting of a new box at Goslett Yard and
two new ticket halls;

•

ventilation and EIP facilities at Fareham Street and Goslett Yard;

•

a ventilation and EIP at Fisher Street

(ii)

Tottenham Court Road Station

Two new ticket halls would be constructed, one at Dean Street and the other beneath the
Plaza at the front of Centre Point. The station would consist of two platforms fitted out to
210 m, although the tunnel would be constructed to facilitate extensions to 245 m should the
need to operate longer trains arise.
The main construction works are as follows.
•

Vertical shafts will be sunk at the western and the eastern worksites, taking
approximately one year.

•

Piling of the perimeter of both ticket halls and of Goslett Yard box will take place over
a period of approximately seven months.

•

Station tunnels and permanent cross passages will be excavated from the access
shafts, taking approximately one year and six months.
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•

Platform tunnels and cross passages will to be cleaned out, lined and fitted out over a
period of approximately one year and four months.

•

Construction of the Dean Street box, Goslett Yard box and the Plaza ticket hall and
escalators will take approximately four years and nine months.

A short section of the sewer that passes beneath the diaphragm wall to be constructed at
Dean Street would be abandoned. This would cut the sewer in half forming two separate
sections of sewer, one of which would flow northwards and the other, southwards.
In order to mitigate impacts associated with settlement at Tottenham Court Road Station, it is
likely that compensation grouting would be undertaken. This is a technique by which the
ground loss arising from the excavation is replaced by material (grout) pumped into the
ground. This requires grout shafts in the vicinity of buildings for which the effects of
settlement are predicted to be significant.
(iii)

Fareham Street Shaft

A shaft would be sunk to the immediate south of the western ticket hall. The shaft would be
19 m in diameter and would be used for ventilation and emergency intervention.
(iv)

Goslett Yard Shaft

A temporary shaft would be sunk, within a permanent box to facilitate construction work prior
to its use as a ventilation and emergency intervention shaft.
(v)

Fisher Street Shaft

A ventilation and emergency intervention shaft would be located between Catton Street and
Fisher Street. At Fisher Street, the main works would commence following the diversion of
utilities along Fisher Street, Catton Street and Southampton Row. Fisher Street would be
receiving TBMs from Royal Oak in the west and from Hanbury Street in the east with
excavations through the station tunnels.
In order to mitigate impacts associated with settlement at Fisher Street Shaft, it is likely that
compensation grouting would be undertaken.
(vi)

Twin-bore Tunnels

Six metre diameter twin-bore tunnels would be constructed with the rails at approximately
24 m below street level, based on the depth at the western end of Tottenham Court Road
station. The tunnels would then climb to a depth of approximately 21 m from street level at
the Fisher Street shaft.
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Duration of the Works

The construction including fit out and commissioning of the station at Tottenham Court Road
would take approximately five years. The construction including fit out and commissioning of
Fisher Street shaft would take approximately three years and eleven months
6.9.2

Additional Description Assumed for Water Resources Assessment

The Tottenham Court Road Station platforms would be in the tunnelled section constructed
in the London Clay approximately 5 m above the base of the strata. The underground ticket
halls would be constructed with secant piling and diaphragm walls founded in the London
Clay 20 mBGL. Both the Fareham Street shaft and the Goslett Yard deep box would extend
to approximately a level of 90 mATD and may, therefore, intrude into the upper part of the
Lambeth Group below the London Clay.
The Goslett Yard Box would be constructed within a diaphragm wall. In order to facilitate
early access for tunnel construction an 11 m diameter temporary access shaft would be
constructed within the area contained by the diaphragm wall. This shaft would be entirely
demolished during the main excavation of the box, but this could only start once tunnel
construction has been completed.
All underground tunnels and passages with the exception of escalator shafts would be
constructed using SCL technique, with either an in-situ concrete secondary lining in the case
of public area tunnels or secondary SCLs in non-public areas.
Appendix G contains details of utility works in relation to water resources.
Fisher Street Vent shaft would be constructed to a depth of 25 m equal to 94 mATD, which
would be at the interface of the London Clay and Upper Mottled Clay.
The lowest level of the tunnel inverts would be approximately 94.5 mATD at a location east
of Bond Street and they are expected to be above the base of the London Clay.
6.9.3

Baseline Data

The geology of route window C5 in the area of Tottenham Court Road Station comprises
London Clay, overlain by Terrace Gravels, Alluvium and Made Ground. Ground levels are
around 124.8 to 125.6 mATD. At Tottenham Court Road Station the London Clay is found
below a level of approximately 118 mATD, with a thickness of 23 to 27 m. This implies a
thickness for the superficial deposits of approximately 7 m. The Upper Mottled Clay of the
Lambeth Group underlies the London Clay at a level of approximately 95 to 96 mATD. The
Chalk is at a depth of 74.8 mATD based on boreholes T1 to T11, T13, T14, T18 and TP31 to
TP37. A perched shallow groundwater table has been encountered above the London Clay.
The piezometric surface in the shallow aquifer was around 118-120 mATD with a few levels
reported up to 125 mATD in 1992-1993.
At the Fisher Street site the superficial geology comprises Made Ground and Thames
Gravels. The top of the London Clay is found at a level of 118.7 mATD, and the thicknesses
of the overlying gravels are approximately 0.5 m. Ground level is at approximately
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126 mATD, which implies a total thickness for the overlying superficial deposits of 7 m.
Shallow groundwater levels are considered to be approximately 120 mATD based on
measurements in 1997 at boreholes RT34 and RT35, although one observation in a borehole
20 m from the site encountered no shallow groundwater.
Geotechnical investigations found that chalk groundwater levels were between 60 mATD and
65 mATD in 2003 although Environment Agency groundwater levels are somewhat higher at
73.3 – 78 mATD. The groundwater quality in this area is likely to be affected by increased
salinity. There are no groundwater abstractions within the route window, but there are two
400 day TTZs (Id 73 and 98) extending into the eastern edges of the route window.
There are no river crossings, associated floodplains or surface water abstractions and
discharges in the route window.
Baseline data relevant for route window C5 are summarised in the table below.
Table 6.11: Summary of Baseline - Route Window C5
Item
1a

Subject

1b

Geology – Superficial
deposits
Solid geology

2

Chalk groundwater levels

3

Groundwater quality

4

Groundwater abstractions
and protected rights
Groundwater protection
zones/Time of travel zones
Main rivers
Other watercourses
River quality
Surface water abstraction
Surface water discharge
Floodplains and flood levels

5
6a
6b
7
8
9
10

Details

Id

Made Ground, Alluvium and
Terrace Gravels
London Clay (from
117 mATD), underlain by
Upper Mottled Clay (from
approx. 95 mATD)
60 to 65 mATD (2002)

C1E00-E00F-00301
C1E00-E00F-00301

Shallow: Non-potable
Deep: Increased salinity
None
2 nr 400 day TTZ

Drawing
1E0421-

73*, 98*

C1E00-E00F-00301

None
None
Not applicable
None
None
None

* Well not within the route window

6.9.4

Impact Assessment

Chapter 4 and Section 6.4 describe route wide and route section wide impacts and generic
mitigation measures respectively. In addition, route window specific impacts and mitigation
measures have been identified and are described below. A summary is given in Appendix F.
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Groundwater

Temporary: Goslett Yard Box would be constructed within diaphragm walls extending to a
level of approximately 90 mATD, and it would, therefore, intrude into the upper part of the
Lambeth Group. A local, perched water table may be present within the Lambeth Group, but
no dewatering of the deep Chalk aquifer would be required. The sewer diversion (AW/004)
would have less impact than the main Crossrail works.
Permanent: None.
(ii)

Surface Water

Temporary: None.
Permanent: None.
(iii)

Residual Impacts

There would be no significant residual impacts from temporary or permanent works.

6.10

Route Window C6 – Farringdon Station

6.10.1

Scheme Description

(i)

Overview

The Crossrail tunnels pass from Holborn, beneath the Fleet Valley and Smithfield, and then
to Aldersgate and the Barbican, with the rails at a depth of about 31 m. The permanent works
would consist of a twin-bore tunnel, and a new station at Farringdon, with western and
eastern ticket halls and integrated ventilation and emergency access. A new rail crossover
would also be constructed between Farringdon and Liverpool Street stations, beneath the
Barbican.
The figure below shows the main features within the route window.

6-48
203357/31/Final/Feb 05
Chapter 6 - Central Section Rev103.doc

Crossrail Line 1

Mott MacDonald

Assessment of Water Impacts Technical Report

Cross London Rail Links Limited

Figure 6.7: Route Window C6 – Farringdon Station

(ii)

Farringdon Station

Two new ticket halls would be constructed: a western facility at Farringdon Road and an
eastern equivalent at Lindsey Street (Barbican). The station would consist of two platforms
fitted out to 210 m although the tunnel would be constructed to facilitate extensions to 245 m
should the need to operate longer trains arise.
Enabling works would include utility diversions around Farringdon station, Barbican Station
(including Charterhouse Square), and Aldergate/Beech Street, including a sewer diversion.
In order to mitigate impacts associated with settlement at Farringdon Station, it is likely that
compensation grouting would be undertaken. This is a technique by which the ground loss
arising from the excavation is replaced by material (grout) pumped into the ground. This
requires grout shafts in the vicinity of buildings for which the effects of settlement are
predicted to be significant.
(iii)

Twin-bore Tunnels

Six metre diameter twin-bore tunnels would be constructed with the rails at approximately
31 m depth below street level, based on the depth at the western end of Farringdon station.
A crossover facility would be provided between Farringdon and Liverpool Street stations.
(iv)

Duration of Works

The construction including fitting out and commissioning of Farringdon station would be
undertaken over a period of approximately four years and eight months.
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The construction including fitting out and commissioning of the Farringdon crossover would
be carried out over a period of about three years.
6.10.2

Additional Description Assumed for Water Resources Assessment

The tunnel track level would be 86.05 mATD at Farringdon Station. The station tunnel
structure would extend into the Lambeth Group to a level of approximately 84.5 mATD. At
the western end of the station the invert would be likely to encounter the top of the Thanet
Sands. The tunnels would be constructed using SCL techniques.
The crossover would be constructed through a temporary access shaft at Aldersgate. The
crossover shaft would intersect the sewer in Aldersgate Street, which would be abandoned
whilst building the shaft, and re-instated afterwards (AW/011).
6.10.3

Baseline Data

The geology around Farringdon Station comprises London Clay, overlain by Terrace
Gravels, Alluvium and Made Ground. Alluvium is mainly associated with the course of the
former Fleet River (now Fleet Sewer) running to the west of the station along Farringdon
Road. However, a number of east-west trending tributaries are known to exist which pass
beneath the Farringdon Station. It is assumed (A.C.11) that these tributaries are also piped.
One of the tributaries, Faggeswell Brook, passed under the southern edge of the proposed
Western Station Hall (between Cowcross Street and Charterhouse Street).
The surface of the London Clay has been modified by excavations for existing rail
infrastructure and erosion by the former Fleet River and tributaries. Borehole records (F1 F25) show that the London Clay is found from levels of approximately 108 to 112 mATD
(ground level at around 114 to 118 mATD) and the thickness varies between 17 and 24 m.
This implies superficial deposit thicknesses of 2 – 10 m. However, the Fleet River has eroded
into the clay and reduced its thickness to 7 m in places. The Lambeth Group and Thanet
Sands underlie the London Clay. The base of the London Clay is between 84.83 and 99.29
mATD in three boreholes. The thickness of the Lambeth Group is typically 16 to 17 m, and a
change in base level from 83.95 to 65.17 mATD between the three boreholes is attributed to
a suspected fault in the Lambeth Group near the midpoint of the proposed station. This fault
would trend in a northeast to southwest direction. More site investigation would be needed to
confirm the presence and extent of this dislocation. The Thanet Sands are around 10 m
thick. Site investigations suggest that the Thanet Sands are mostly dry at the location of
Farringdon Station.
No investigations have yet been made into the groundwater levels in the shallow aquifer.
According to the Environment Agency the groundwater level in the underlying Chalk aquifer
was 66 mATD in 2003, but a geotechnical investigation recorded a level of 79.5 mATD. The
latter figure is suspect as the piezometer may have been leaking or flooded. More precise
data would be needed to judge the potential for future water level rises into the Thanet
Sands. The deep groundwater quality in this region is likely to be marginally or non potable
due to the influence from the River Thames. Water quality data has been obtained from the
Citigen abstraction.
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There are two licensed groundwater abstractions and one abstraction in determination within
the route window. One abstraction is licensed to Citigen Ltd (Id 2) for the purpose of
evaporative cooling and is located very close to the tunnelling area. The other is licensed to
St Martins Property Corporation Ltd (Id 82) for commercial/industrial. The boreholes all
abstract from the Chalk aquifer. The Farringdon Road Basement worksite is close to the 50
day TTZ to the Citigen well (Id 2). The 50 and 400 day TTZ to the other well (Id 82) is within
the window and three other 400 day TTZs extend into the window (Id’s 1, 73 and 98).
There are no river crossings, associated floodplains or surface water abstractions within the
route window.
Baseline data relevant for route window C6 are summarised in the table below.
Table 6.12: Summary of Baseline - Route Window C6
Item
1a

Subject

1b

Geology – Superficial
deposits
Solid geology

2

Chalk groundwater levels

3

Groundwater quality

4

Groundwater abstractions
and protected rights
Groundwater protection
zones/Time of travel zones

5

6a
6b
7
8
9
10

Main rivers
Other watercourses
River quality
Surface water abstraction
Surface water discharge
Floodplains and flood levels

Details

Id

Made Ground , Alluvium and
Terrace Gravels
London Clay (from
112 mATD), underlain by
Lambeth Group from approx.
99 mATD) and Thanet Sands
(from approx. 84 mATD)
66 mATD (EA, 2003)
Shallow: Non-potable
Deep: Increased salinity
2 abstraction licences
2 nr 50 day TTZs
4 nr 400 day TTZs

2, 82
2, 82
1*, 2, 73*, 82,
98*

Drawing
1E0421-

C1E00-E00F-00301
C1E00-E00F-00301
C1E00-E00F-00301
C1E00-E00F-00301

None
None
Not applicable
None
None
None

* Well not within the route window

6.10.4

Impact Assessment

Chapter 4 and Section 6.4 describe route wide and route section wide impacts and generic
mitigation measures respectively. In addition, route window specific impacts and mitigation
measures have been identified and are described below. A summary is given in Appendix F.
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Groundwater

Temporary: The January 2003 Chalk water level was about 66 mATD with negligible rate of
rise. Therefore, although some construction is occurring in the Thanet Sands, the water level
would be at least 10 m below the lowest level of work so dewatering of the deep aquifer
would not be required. Any water bearing layers within the upper beds of the Lambeth Group
would be dewatered locally so there would not be any significant residual impacts as
described under route section wide impacts and generic mitigation.
The 50 day TTZ to the Citigen abstraction (Id 2) is close to the Western ticket hall worksite.
Impacts on the water quality could be caused by the construction works within Thanet Sands,
in particular grouting, which could migrate into the deep aquifer in the Chalk especially if
there are excessive fluid losses. Natural filtration and attenuation in the Thanet Sands and
dilution in the Chalk would reduce the effect on the abstraction significantly. However,
monitoring would be in place to determine the water quality and fluid losses during
construction works. It is predicted that the impacts on the abstraction would be minor and an
arrangement can be negotiated with the well owner to ensure no significant residual impacts.
Consultation with the well owner is taking place and appropriate monitoring, mitigation and
compensation would be agreed as required.
The Thames Water abstraction in determination (Id 98) is unlikely to be affected as the travel
time would be more than 400 days and the low permeability nature of the strata and natural
attenuation would reduce any water quality effects on the abstraction significantly.
Permanent: The Citigen abstraction (Id 2) is located on the corner of Charter House Street
and Farringdon Road, which is close to the proposed Western ticket hall basement worksite
and tunnelling area. The abstraction might, therefore, have to be abandoned. This would
avoid the possibility of settlement damage to the borehole creating a pathway for
contamination between the shallow and deep aquifers. Consultation with the well owner is
being undertaken and appropriate monitoring, mitigation and compensation would be agreed
as required.
There is a risk of an as-yet undiscovered water filled channel around the former Fleet River
and the Faggeswell Brook. These could potentially have greater flows so the width and
potential groundwater flows within any such channel deposits would be investigated further
through site investigation and monitored during construction. Changes to groundwater levels
would be mitigated if necessary by introducing drainage around the Western Ticket Hall
structure leading to no significant residual impacts.
(ii)

Surface Water

Temporary: None.
Permanent: None.
(iii)

Variation

A possible scheme variation involving construction of the crossover structure at Aldersgate
would make no difference to the conclusions of the water impact assessment.
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Residual Impacts

There would be no significant residual impacts from temporary or permanent works. There
would be a minor, permanent, non significant residual impact caused by the possible closure
of abstraction well Id 2.

6.11

Route Window C7 – Liverpool Street Station

6.11.1

Scheme Description

(i)

Overview

Crossrail’s twin-bore tunnels would pass between Moorgate in the west and Commercial
Street in the east. The permanent works would consist of twin-bore tunnels, a new station at
Liverpool Street with a new ticket hall at Moorgate, and a separate shaft structure on
Blomfield Street. The new Crossrail station at Liverpool Street would have a new ticket hall
connected to the western end of the station platforms. This would be adjoining the existing
London Underground station at Moorgate. A new passage would connect the eastern end of
the Crossrail platforms with the existing London Underground ticket hall at Liverpool Street
station.
The figure below shows the main features within the route window.
Figure 6.8: Route Window C7 – Liverpool Street Station

(ii)

Liverpool Street Station

At Liverpool Street, the existing LUL ticket hall would be modified to provide access to the
east end of the Crossrail platforms.
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A new basement level ticket hall (Moorgate Ticket Hall), approximately 8 m deep would be
provided next to the existing London Underground station with two street-level entrances.
Following site set-up, the main construction works will proceed as set out below.
•

A temporary access shaft will be formed at Finsbury Circus and will take place during
the first year of construction. Access tunnels will be excavated from the shaft for
construction of the platform tunnels, and these will subsequently be cleaned out and
lined, taking approximately three years after which the temporary shaft will be filled in
and reinstated.

•

Construction of the Moorgate box beneath the road in Moorfields after completion of a
piled wall. A bridge deck will be installed to enable traffic to use Moorgate. These
works will take place over about two years and six months. The link passage from
Crossrail platforms to the Underground Northern Line platforms will also be
constructed from this box.

•

Construction of the passageway box at the Liverpool Street worksite, using piling
followed by the construction of a permanent road deck, taking in total approximately
three years.

•

Excavation of the Blomfield Street shaft within a piled wall followed by the
construction of the passage and ventilation tunnels.

At Moorgate Station the following utility diversions would be undertaken:
•

a sewer that runs through the middle of the station would be diverted southwards to
connect into an existing sewer in Fore Street;

•

the London Bridge sewer would be diverted temporarily and reinstated onto its
existing alignment; and

•

other service diversions in and around Moorgate Station.

Various service diversions would be undertaken in and around Liverpool Street including the
diversion of a sewer.
In order to mitigate impacts associated with settlement at Liverpool Street Station, it is likely
that compensation grouting would be undertaken. This is a technique whereby the ground
loss arising from the excavation is replaced by material (grout) pumped into the ground. This
requires grout shafts in the vicinity of buildings for which the effects of settlement are
predicted to be significant.
(iii)

Blomfield Street Shaft

At 11-12 Blomfield Street, a new 37 m deep box would be sunk to provide ventilation, escape
and EIP facilities to the Crossrail station tunnels.
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Twin-bore Tunnels

Six metre diameter twin-bore tunnels would be constructed with the rails at approximately
36 m to 42 m below street level, based on the tunnel depth at the western end of Liverpool
Street station.
(v)

Duration of the Works

The construction including fit out and commissioning of Liverpool Street station would be
undertaken over approximately a four year and eight month period.
6.11.2

Additional Description Assumed for Water Resources Assessment

The station tunnels would mainly be constructed in London Clay, but the Moorgate Box
would require construction to a depth of 35 mBGL with the toe of the piles approximately
15 m deeper, and the Blomfield Shaft to a piled depth of approximately 37 mBGL,
approximately 70mATD and may extend into the Lambeth Group. The station tunnels would
be constructed using the SCL technique.
The deepest invert level of the running tunnels would be approximately 71 mATD between
Farringdon Station and Liverpool Street Station. The running tunnels would, therefore, be
expected to intrude into the upper Lambeth Group.
A 1500 mm sewer running east-west through the station would be removed by the works and
diverted south to be connected to the sewer in Fore Street. It is assumed (A.C.18) that the
London Bridge sewer, at a depth of 5 m, would need moving 2 m to avoid a proposed
escalator shaft. Appendix G contains details of utility works in relation to water resources.
6.11.3

Baseline Data

The geology around Liverpool Street Station comprises London Clay, overlain by Terrace
Gravels, Alluvium and Made Ground. Alluvium is mainly associated with the course of the
former River Walbrook to the west of the station. The river alignment follows parallel to
Bloomfield Street and through the centre of Finsbury Circus. The Walbrook is now a
culverted Thames Water sewer known as the London Bridge Sewer, and it is understood to
be used for storm water disposal. A sharp, localised depression in the base of the Terrace
Gravels is reported at 21 Moorfield’s. This could represent a channel eroded into the top of
the London Clay or, possibly, a scour hollow.
Perched shallow groundwater above the London Clay may be locally absent such as at
Liverpool Street where the London Clay is around 6-7 mBGL. The 1992-1993 data for seven
boreholes shows ground levels are around 113 to 114 mATD and that one borehole was dry.
The minimum piezometric surface in the others ranged from 106.23-107.3 mATD with
fluctuations of up to 0.65 m. One measurement of 111.65 mATD is an anomaly. It is likely
that natural flows in the shallow aquifer may have been modified by previous works such as
the District and Circle Line. Groundwater was found in a gravel layer in a deep basement at
Salisbury House well (Id 1). One shallow groundwater level was measured in 2004 and gave
a piezometric surface of 106.3 mATD.
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London Clay is found from a level of approximately 102 to 107 mATD. The Lambeth Group
(from approximately 80 mATD) and Thanet Sands underlie the London Clay. The thickness
of the Lambeth Group is typically 16 to 17 m and the Thanet Sands 10 m. The piezometric
profile is fully hydrostatic to 80 mATD but is underdrained below. In 2003 the Chalk
groundwater levels were between 65 and 75 mATD being adjacent to a regional depression
in the Central Section area.
Groundwater quality records have been provided for one well within route window C7. This
well has a Chalk groundwater conductivity of 2085 µS/cm indicating brackish, non-potable
water.
There are seven licensed groundwater abstractions within the route window. They are
licensed to: Royal London Mutual Ins Soc Ltd (Id 43), Salisbury House Offices Ltd (Id 1), St
Martins Property Corporation Ltd (Id 82), HSBC Bank Pls (Id 81), Bank of England (Id 72),
Tokio Marine Properties Ltd (Id 84) and Prudential Assurance Co Ltd (Id 74). All of these
wells abstract from the Chalk for commercial/industrial/public use. The 50 day and 400 day
TTZ to the Salisbury House well (Id 1) cross the route alignment and the data suggest that
the well is located very close to the tunnel alignment around Finsbury Circus. There are
further seven 50 day and 400 day TTZs (Id’s 1, 43, 72, 74, 81, 82, 84, 85*) extending into the
window, none of which cross the alignment.
There are no river crossings, associated floodplains or surface water abstractions or
discharges within the route window.
Baseline data relevant for route window C7 are summarised in the table below.
Table 6.13: Summary of Baseline - Route Window C7
Item
1a

Subject

1b

Geology – Superficial
deposits
Solid geology

2

Chalk groundwater levels

3

Groundwater quality

4

Groundwater abstractions
and protected rights
Groundwater protection
zones/Time of travel zones
Main rivers
Other watercourses
River quality
Surface water abstraction

5
6a
6b
7
8

Details
Made Ground, Alluvium and
Terrace Gravels
London Clay (below 107 to
102 mATD), underlain by
Lambeth Group (from approx.
80 mATD) and Thanet Sands
(from approx. 60.5 mATD)
65 to 70 mATD (2003)
Shallow: Non-potable
Deep: Increased salinity
7 abstraction licenses
8 nr 50 and 400 day TTZs
None
None
Not applicable
None
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Item
9
10

Subject

Cross London Rail Links Limited

Details

Id

Drawing
1E0421-

Surface water discharge
None
Floodplains and flood levels None

* Well not within the route window

6.11.4

Impact Assessment

Chapter 4 and Section 6.4 describe route wide and route section wide impacts and generic
mitigation measures respectively. In addition, route window specific impacts and mitigation
measures have been identified and are described below. A summary is given in Appendix F.
(i)

Groundwater

Temporary: The January 2003 Chalk water level was about 65 and 70 mATD with negligible
rate of rise. Construction would intrude into the upper Lambeth Group, but it is assumed
(A.C.12) that dewatering of the Chalk groundwater would not be necessary.
The 50 and 400 day TTZs for the Salisbury House Offices Ltd abstraction (Id 1) cross the
tunnel alignment and the Moorgate box. Impacts on the water quality could be caused by the
construction works within the Lambeth Group, in particular grouting, which could migrate into
the deep aquifer in the Chalk especially if there are excessive fluid losses. The low
permeability of the Lambeth Group strata, along with natural attenuation and dilution in the
deep aquifer would significantly reduce any potential impact. However, monitoring would be
in place to determine the water quality and fluid losses during construction works if the well is
left in production (see below). It is predicted that there would be no residual impact on the
abstraction. Consultation with the well owner is taking place and appropriate monitoring,
mitigation and compensation measures would be agreed as required
It is considered unlikely that Royal London Mutual Ins Soc Ltd abstraction (Id 43) would be
affected as the travel time would be more than 400 days and the low permeability nature of
the strata and natural attenuation would reduce any water quality effects on the abstraction
significantly.
Permanent: The Salisbury House Offices Ltd (Id 1) abstraction is located on the property
flanking the south-west edge of Finsbury Circus, which is very close to the proposed tunnel
alignment. At least one of the three boreholes on the site might, therefore, have to be
decommissioned. This would avoid the possibility of settlement damage to the borehole
creating a pathway for contamination between the shallow and deep aquifer. Consultation
with the well owner is taking place and appropriate monitoring, mitigation and compensation
measures would be agreed as required. The works would not have a significant effect on any
of the other six abstractions.
There is a small risk of an as-yet undiscovered water filled channel around the former River
Walbrook. This could potentially have greater flows so the width and potential groundwater
flows within any such channel deposits would be investigated further through site
investigation and monitored during construction. Changes to groundwater levels can be
mitigated, if necessary, by introducing drainage leading to no significant residual impacts.
6-57
203357/31/Final/Feb 05
Chapter 6 - Central Section Rev103.doc

Crossrail Line 1

Mott MacDonald

Assessment of Water Impacts Technical Report

(ii)

Cross London Rail Links Limited

Surface Water

Temporary: The use of part of Finsbury Circus gardens would result in a temporary increase
in flows to sewer and a reduction in infiltration. Good site practice would be implemented to
avoid significant pollution of, or overland flow into, the remainder of the Finsbury Circus
Gardens. This would be enforced via the provisions for generic mitigation described in
Appendix B, and there would therefore be no significant residual impacts.
Permanent: None.
(iii)

Residual Impacts

There would be no significant residual impacts from temporary or permanent works. There
would be a minor, temporary, non significant impact caused by the risk of polluted surface
runoff to the Finsbury Circus Gardens. There would be a minor, permanent, non significant
residual impact caused by the possible closure of abstraction well Id 1.

6.12

Route Window C8 – Whitechapel Station

6.12.1

Scheme Description

(i)

Overview

Crossrail’s twin-bore tunnels would pass between Commercial Street in the west and
Stepney Green in the east with the rails at an approximate depth of between 26 m and 31 m
from street level.
Other permanent elements of the scheme would consist of:
•

a shaft at Hanbury Street.

•

a new station at Whitechapel with an interchange concourse beneath Durward Street
and, integrated with it, a shaft structure.

The Hanbury Street shaft would be connected via a temporary tunnel under Spital Street to a
temporary construction shaft at Pedley Street. This would be used for the delivery and
removal of materials during the tunnelling phase. The temporary shaft at Pedley Street would
be backfilled and the site reinstated during the construction phase of the running tunnels.
The figure below shows the main features within the route window.
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Figure 6.9: Route Window C8 – Whitechapel Station

(ii)

Hanbury Street Shaft

A shaft measuring 14 m in width and 32 m in length and 37 m in depth would be constructed
at the junction of Hanbury Street, Spelman Street and Princelet Street. The shaft would
contain EIP and ventilation equipment.
The temporary tunnel would be constructed from Pedley Street to Hanbury Street about
300 m north of Hanbury Street where it would connect with the temporary construction shaft.
The temporary tunnel would be constructed from the base of the Pedley Street temporary
construction shaft. This tunnel would be used to transport excavated material from the main
twin-bore tunnels to the Pedley Street site where it can be removed by conveyor to the Mile
End (Devonshire Street) sidings in Route Window 8A for onward transport by rail. Once
Crossrail is complete the temporary tunnel would be backfilled.
(iii)

Whitechapel Station

The new station would be constructed between Court Street and Cambridge Heath Road. In
the preferred scenario, a new western ticket hall is proposed over the District line east of
Court Street. The western end of the Crossrail platforms would be accessed from this ticket
hall via the District Line platforms, then escalators to an interchange concourse within a box
at Durward Street. Ventilation, escape and EIP infrastructure would be constructed at the
east end of Crossrail platforms to the west of Cambridge Heath Road. Two other scenarios
which may be constructed, depending on the timing of the London Underground track works,
would not make any difference to the water resources assessment. A shaft at Durward Street
would be required for all three scenarios. The shaft would be formed by a below-ground box
of irregular shape.
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The perimeters of the two boxes forming the Durward Street infrastructure and the
Cambridge Heath Road box would be piled then excavated and propped.
Also during this period, a temporary access shaft would be excavated in the Sainsbury’s car
park, east of Brady Street. Excavation and lining of the station tunnels would then take place
from this temporary shaft, together with the excavation of the interchange and access
passages.
In order to mitigate impacts associated with settlement at Whitechapel station, it is likely that
compensation grouting would be undertaken.
(iv)

Twin-bore Tunnels

Both eastbound and westbound rails would lie at approximately 31 m below street level at
Hanbury Street Shaft and 26 m at the west end of Whitechapel station platforms.
(v)

Duration of Works

The construction of Hanbury Street shaft, including fit out and commissioning and
construction of the temporary tunnel to Pedley Street and the Pedley Street temporary shaft
would be carried out over a total period of four years and eight months.
The construction of the station at Whitechapel would be undertaken over a period of four
years and six months.
6.12.2

Additional Description Assumed for Water Resources Assessment

The shaft at Hanbury Street would be constructed with diaphragm walls to a depth of
approximately 34 mBGL, approximately 80 ATD keeping the construction above the Lambeth
Group. The shaft would be used to launch three TBMs. Excavation of the shaft box would
consist of six months of diaphragm walling and then six months of excavations from within
the walls.
The temporary Whitechapel Station access shaft excavated in the Sainsbury’s car park
would be constructed using pre-cast concrete lining segments to caisson through the
superficial deposits to form a cut off in the London Clay. The lower sections would be
constructed using SCL technique.
The station tunnel invert at Whitechapel Station would be constructed to a level of
approximately 82 mATD and would encounter the upper Lambeth Group. Use of the SCL
technique would be envisaged, depending on the ground conditions. The Durward Street
intermediate concourse would be constructed as a deep cut and cover box to a toe depth of
around 80 mATD.
Between Liverpool Street Station and Hanbury Shaft the tunnel invert would reach levels
between 72 and 80 mATD. The tunnel would, therefore, mainly be constructed in London
Clay, but in places it would reach into the upper units of the Lambeth Group.
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Pedley Street Shaft would require excavation to a level of approximately 77 mATD
(35 mBGL) and would intrude into the upper units of the Lambeth Group. The tunnel would
be constructed with shotcrete and the water seepage controlled.
6.12.3

Baseline Data

The geology comprises London Clay, overlain by River Terrace deposits, Alluvium and Made
Ground. Ground level is around 112 - 113 mATD. Site investigation boreholes WH1R to
WH22 and SG1E show that London Clay occurs from approximately 108 mATD and the
thickness is approximately 28 m. The Lambeth Group underlies the London Clay and occurs
from 79.3 mATD, the Thanet Sands occurs from 61.3 mATD and the Chalk occurs from
49.17 mATD.
1992-1993 data for seven boreholes near Pedley Street shows ground levels around
112 to 113.7 mATD. The data indicates that the shallow aquifer was likely to have been dry
at four boreholes but the other three had minimum water levels of 107.5-108.1 mATD and
fluctuations of less than 0.3 m. More recent geotechnical investigations gave shallow water
levels for 2004 as 105.8 to 108.36 mATD.
The 2003 piezometric pressure profiles at Whitechapel show strong underdrainage from
around the middle of the Lambeth Group at 74 mATD and a rest water level of around
72 mATD in the deep aquifer. Chalk groundwater elevations in 2003 in this area were
between 70 and 80 mATD with groundwater flowing in a westerly direction.
Literature indicates that the groundwater quality is likely to be brackish, and indeed a high
conductivity was measured in a well located in route window C7. Recent chemical analysis of
water taken from borehole WH4P, in route window C8 (see Appendix C), shows that water
from the Chalk has a high pH, of 11.7, and a fairly high electrical conductivity. This implies
that the water is marginally non-potable. However, another well within C8 appears to be used
for a potable supply. The apparently lower salinity in this latter well could be due to its
location on the northern side of a major flow barrier within the deep aquifer.
There are two licensed groundwater abstractions within the route window. They are both
licensed to Metropolitan Water Co Ltd (Ids 3 and 44) for a potable water supply and for a
general use. The location of the Metropolitan Water well (Id 3) is within the envelope of the
station structure and so the 50 day and 400 day TTZ cross the route alignment. The 400 day
TTZ to the other well (Id 44) crosses the alignment of the temporary tunnel between Pedley
Street and Hanbury Shaft. The 400 day to another well (Id 113) extends into the eastern
edge of the window.
There are no surface water crossings, floodplains or surface water abstractions or
discharges located within the route window.
Baseline data relevant for route window C8 are summarised in the table below.
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Table 6.14: Summary of Baseline - Route Window C8
Item

Subject

1a

Geology – Superficial
deposits

1b

Solid geology

2

Chalk groundwater levels

3

Groundwater quality

4

Groundwater abstractions
and protected rights
Groundwater protection
zones/Time of travel zones
Main rivers
Other watercourses
River quality
Surface water abstraction
Surface water discharge
Floodplains and flood levels

5
6a
6b
7
8
9
10

Details

Id

5 m: Made Ground, Alluvium,
Langley Silt and Terrace
Gravels.
London Clay (below
108 mATD), underlain by
Lambeth Group (below 84 to
80 mATD) and Thanet Sands
(below 62 mATD)
70 to 80 mATD (2003)
Shallow: Non-potable
Deep: Brackish or potable.
Increased salinity
2 abstraction licences
2 nr 50 day TTZ
3 nr 400 day TTZ
None
None
Not applicable
None
None
None

Drawing
1E0421-

C1E00-E00F-00302
C1E00-E00F-00302
3, 44
3, 44
3, 44, 113*

C1E00-E00F-00302
C1E00-E00F-00302

* Well not within the route window

6.12.4

Impact Assessment

Chapter 4 and Section 6.4 describe route wide and route section wide impacts and generic
mitigation measures respectively. In addition, route window specific impacts and mitigation
measures have been identified and are described below. A summary is given in Appendix F.
(i)

Groundwater

Temporary: It is assumed (A.C.12) that dewatering from the deep aquifer would not be
required for the construction of Hanbury Shaft or Whitechapel Station since founding levels
are above the Chalk groundwater level.
The 400 day TTZ to the Metropolitan Water abstraction (Id 44) crosses Pedley Street Shaft.
Impacts on the water quality could be caused by the construction works within Lambeth
Group, in particular grouting, which could migrate into the deep aquifer in the Chalk
especially if there are excessive fluid losses. The low permeability nature of the Lambeth
Group, along with natural attenuation in the deep aquifer, would significantly reduce the
effect on the abstraction. However, monitoring would be put in place at the well (Id 44) to
determine the water quality and effect of any fluid losses during construction works. It is
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predicted that there would be no residual impact at this abstraction Consultation with the well
owner is taking place and appropriate monitoring, mitigation and compensation measures
would be agreed as required.
Permanent: The Metropolitan Water abstraction (Id 3) is located on a property (the former
Albion Brewery) at the corner of Cambridge Heath Road and Whitechapel Road and within
the envelope of the proposed Whitechapel station tunnel alignment. The borehole would,
therefore, have to be decommissioned and backfilled to avoid the possibility of settlement
damage to the borehole creating a pathway for contamination between the shallow and deep
aquifer. Consultation with the well owner is taking place and appropriate compensation
measures would be agreed as required.
Pedley Street Shaft would be backfilled upon completion of the works and so there would be
no significant impact on groundwater flow or quality. Mitigation measures would be provided
to manage or prevent any lateral flows and there would be no significant residual impacts.
(ii)

Surface Water

Temporary: None.
Permanent: None.
(iii)

Scenarios

There are three scenarios proposed for constructing Whitechapel Station. Whichever
scenario is chosen would make no difference in terms of water impacts.
(iv)

Residual Impacts

There would be no significant residual impacts from temporary or permanent works. There
would be a minor, permanent, non significant residual impact caused by the closure of
abstraction well Id 3.

6.13

Route Window C8A – Mile End Conveyor Corridor

6.13.1

Scheme Description

(i)

Overview

This route window contains the eastern part of the conveyor from Pedley Street, Mile End
(Devonshire Street) sidings at which excavated material would be loaded onto trains, and the
northern part of Mile End Park, which would form a stockpiling area for excavated material.
The figure below shows the main features within the route window.

6-63
203357/31/Final/Feb 05
Chapter 6 - Central Section Rev103.doc

Crossrail Line 1

Mott MacDonald

Assessment of Water Impacts Technical Report

Cross London Rail Links Limited

Figure 6.10: Route Window C8A – Mile End Conveyor Corridor

(ii)

Mile End Conveyor

The temporary Mile End conveyor would run along the south side of the existing railway
corridor. It would be used to carry excavated material, removed through the Pedley Street
temporary shaft (see Route Window 8), to Mile End (Devonshire Street) sidings and a
holding area located within part of Mile End Park.
The Mile End Park worksite would be fully restored and no permanent structures would be
constructed on the site. The conveyor would be dismantled following completion of the
works.
(iii)

Duration of Works

The erection, operation and decommissioning of the materials handling facilities in Mile End
Park and Mile End (Devonshire Street) sidings and the installation of the conveyor would
take place over approximately three years.
6.13.2

Additional Description Assumed for Water Resources Assessment

The conveyer would be on stilts and pass over the Grand Union Canal. As a mitigation
measure for noise and dust, the conveyor belt would be clad and it is assumed (A.C.13) that
no special drainage would be provided for this cladding.
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Baseline Data

The geology comprises London Clay, overlain by River Terrace deposits, Alluvium and Made
Ground. No recent borehole information is available. Chalk groundwater levels in 2003 in this
area were between 75 and 80 mATD with groundwater flowing in a westerly direction.
There are no groundwater abstractions within the route window. However, the 400 day TTZ
for a Thames Water proposed abstraction (Id 113) crosses the proposed sidings area and
the Mile End Park worksite. The 50 day TTZ to this abstraction and the 400 to another (Id 44)
extends into the route window. The latter is discussed under route window C8.
The Regent’s Canal branch of the Grand Union Canal passes between the Pedley Street to
Mile End Conveyor worksite and the Mile End Park worksite. The chemical GQA is classified
as ’fairly good’, and the RQO is grade 3. There are no floodplains, surface water abstractions
or discharges located within the route window.
Baseline data relevant for route window C8A are summarised in the table below.
Table 6.15: Summary of Baseline - Route Window C8A
Item
1a

Subject

Details

1b
2

Geology – Superficial
deposits
Solid geology
Chalk groundwater levels

Made Ground, Alluvium and
Terrace Gravels
London Clay
75 to 80 mATD (2003)

3

Groundwater quality

4

6a
6b

Groundwater abstractions
and protected rights
Groundwater protection
zones/Time of travel zones
Main rivers
Other watercourses

Shallow: Non-potable
Deep: Likely to be marginally
non-potable
None

7

River quality

5

8
9
10

1nr 50 day TTZ
2 nr 400 day TTZ
None
Grand Union Canal

GQA: Fairly good (C)
RQO: Grade 3
Surface water abstraction
None
Surface water discharge
None
Floodplains and flood levels None

Id

Drawing
1E0421-

C1E00-E00F-00302
C1E00-E00F-00302

113*
44*, 113*

C1E00-E00F-00302

Regent’s
Canal
Regent’s
Canal

C1E00-E00F-00202

* Well not within the route window

6.13.4

Impact Assessment

Chapter 4 and Section 6.4 describe route wide and route section wide impacts and generic
mitigation measures respectively. In addition, route window specific impacts and mitigation
measures have been identified and are described below. A summary is given in Appendix F.
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Groundwater

Temporary: The Pedley Street to Mile End Conveyor worksite and the Mile End Park
worksite lie on the 400 day TTZ to the Thames Water proposed abstraction (Id 113). Only
limited ground breaking work is expected and the deep aquifer is protected by a thick layer of
London Clay. It is, therefore, considered that no impacts would occur.
Permanent: None.
(ii)

Surface Water

Temporary: The use of part of Mile End Park would result in a temporary increase in flows to
sewer and a reduction in infiltration. Good site practice would be implemented to avoid
significant pollution of, or runoff to, surface waters, specifically the Regent’s Canal, from the
Pedley Street to Mile End Conveyor worksite and the Mile End Park worksite caused by
discharge into drainage pipes or storm water sewers connected to the canal. Special
consideration would be taken for the design of the conveyor, which would cross the Regent’s
Canal. Good site practice and a requirement to consult with British Waterways with regards
to the crossing of the canal would be enforced via the provisions for generic mitigation
described in Appendix B, and there would therefore be no significant residual impacts.
Permanent: None.
(iii)

Residual Impacts

There would be no significant residual impacts from temporary or permanent works. There
would be a minor, temporary, non significant impact caused by the risk of polluted surface
runoff to Regent’s Canal.

6.14

Route Window C9 – Stepney Green Shafts

6.14.1

Scheme Description

(i)

Overview

Crossrail’s twin-bore tunnels would pass between Stepney Green in the west and the
Regents Canal in the east. East of Stepney Green the alignment divides into two, the
northern tunnel continuing eastwards towards the southern end of Mile End Park and the
southern tunnel running southeast towards Limehouse and the A13, Commercial Road.
The figure below shows the main features within the route window.
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Figure 6.11: Route Window C9 – Stepney Green Shafts

(ii)

Stepney Green Shaft

Two 16 m diameter shafts would be constructed on Stepney Green, immediately west of
Garden Street. EIP, ventilation and escape facilities would be provided. Two 7.5 m high
surface structures will be constructed along with an area of hard standing. Beneath the
surface, a concrete box will contain ventilation equipment.
Site set-up, which would take around three months, would include work to the all-weather
pitch area and would require the dewatering of the lower aquifer underlying the site.
Construction of the main ventilation, emergency access and evacuation box would involve
diaphragm walling followed by excavation and propping of the shaft and installation of the
concrete base slab, taking approximately 14 months. This work would then be followed by
the excavation of the permanent shafts connecting with the westbound and eastbound
tunnels respectively, which would take three months each. Dewatering may be required at
this stage.
Works would be carried out from a section of Stepney Green park, and enclose part of
Garden Street.
(iii)

Twin-bore Tunnels

The rails would lie at an approximate depth of 28m (eastbound) and 36.9m (westbound) from
street level at Stepney Green shaft. To the east of the shaft, two caverns would be
constructed to accommodate the junctions between the Shenfield (northeast) and Abbey
Wood (southeast) routes. The caverns would have a diameter of 10.15 m and a length of 115
m (eastbound) and 133 m (westbound).
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The temporary access shaft and adits would be constructed over a period of eight months.
This would be followed by the creation of the turnout caverns, which would be constructed
over two years and six months. The temporary shaft and access adits would then be
backfilled and the site re-instated over a period of three months.
(iv)

Duration of Works

The construction including fit out and commissioning of Stepney Green shaft would take
about four years and 3 months.
6.14.2

Additional Description Assumed for Water Resources Assessment

At Stepney Green Shaft the eastbound running tunnel lobby (to the north) level would be at
83.7 mATD, whilst the westbound shaft (to the south) is deeper at 75.4 mATD. The
difference in shaft level is required to achieve grade separation of the westbound and
eastbound tunnels.
The eastbound shaft would be constructed entirely within the London Clay. The westbound
shaft is likely to encounter a sand channel several metres thick which is found below the
London Clay. The sand channel would require significant local dewatering to enable safe
excavation of the westbound shaft and tunnel. Some additional, localised dewatering of the
deep aquifer may be required since the base of the temporary shaft would be deeper than
the permanent shaft. It is assumed (A.C.19) that no more than 5 m of drawdown would be
required in the deep aquifer. Furthermore, the dewatering programme would be successful
and so both shafts and turnout caverns would utilise spray concrete lining (SCL) techniques
during construction.
The eastbound running tunnel would be constructed predominantly in the London Clay,
although it may intrude into the upper Lambeth Group. The westbound running tunnel would
be constructed predominantly in the upper Lambeth Group.
Works will be carried out from a section of Stepney Green park, bordering Garden Street.
6.14.3

Baseline Data

Five borehole logs located close to the Stepney Green Vent Shaft are available from the
geotechnical investigations (SG7, SG9, SG10, SG12 and SG13). Ground level is
approximately 110 mATD. The superficial deposits comprise Made Ground overlying River
Terrace Gravels, with a total thickness ranging from 4.5 m to 7.2 m.
The London Clay underlies the superficial deposits from an elevation of 104 mATD and has a
total thickness ranging from 25.5 m to 28.75 m. In all the boreholes, a sand layer has been
identified beneath the London Clay stratum, and above (or within the top of) the Lambeth
Group. The sand layer ranges in thickness from 5.7 m to 1.3 m, with the top between 79.9 to
75.4 mATD. The origin of the sand layer is currently unknown. Geologically, it could either be
the Harwich Formation, or form part of the Lambeth Group. The top of the Thanet Sands lies
between 68.1 mATD and 59.25 mATD. The top of the Chalk lies at a depth of approximately
48.5 mATD.
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2003 site investigation data identified the groundwater level in the deep aquifer to be at a
depth of 72 mATD (from boreholes SG9 and SG13) and the piezometric surface in the
shallow aquifer to be around 106.5 mATD. Site investigations identified perched groundwater
within the sand layer, which had a groundwater level of around 90 mATD (boreholes SG7,
SG10 and IOD1). This data indicates that the deep aquifer is underdrained in relation to the
sand layer, suggesting little flow between these units.
The quality of the deep groundwater was found to be poor (based on recent geotechnical
investigations on borehole SG13, located near the centre of the route window). The water
had a high electrical conductivity, of 2980 µS/cm, and a sulphate content of over 1400 mg/l,
meaning that this groundwater is non-potable. There may be an improvement in quality
towards the west of the window.
There are no groundwater abstractions located within route window. The 400 day TTZ of a
borehole licensed to the Metropolitan Water Co (Id 3) and proposed for abandonment,
crosses the tunnel alignment in the western part of the window (discussed in C8). The 50 day
TTZ of a Thames Water proposed site at Mile End (Id 113) extends into the window and the
400 day TTZ reaches the northern edge of the route alignment.
The north-eastern tunnel alignment passes under the Regent’s Canal between Stepney
Green Shaft and the Pudding Mill Lane Portal. The south-eastern tunnel alignment passes
under Regent’s Canal and the Limehouse Cut. The Regent’s Canal, has a chemical GQA of
C (fairly good) and a RQO of grade 3. The south-east corner of the route window is on the
indicative floodplain of the River Thames. There are no surface water abstractions, but there
is one surface water discharging to the River Thames, licensed to Thames Water Utilities Ltd
(TEMP.0743).
Baseline data relevant for route window C9 are summarised in the table below.
Table 6.16: Summary of Baseline - Route Window C9
Item
1a

Subject

1b

Geology – Superficial
deposits
Solid geology

2

Chalk groundwater levels

3

Groundwater quality

4

Groundwater abstractions
and protected rights
Groundwater protection
zones/Time of travel zones

5

Details

Drawing
1E0421-

Made ground, Terrace Gravels
London Clay (from
104 mATD), sand layer,
Lambeth Group (from
79.3 mATD), Thanet Sands
(from 68 mATD)
Sand layer: 90 mATD (2003)
Deep aquifer: 72 mATD (2003)
Shallow: Non-Potable
Sand layer: Poor
Deep: Increased salinity
None
1 nr 50 day
2 nr 400 day TTZ
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Item
6a
6b
7
8
9
10

Subject

Cross London Rail Links Limited

Details

None
Limehouse Cut, Regent’s
Canal
River quality
GQA: Fairly good (C)
RQO: Grade 43
Surface water abstraction
None
Surface water discharge
1 discharge to the tidal
Thames
Floodplains and flood levels Indicative floodplain

Id

Main rivers
Other watercourses

Drawing
1E0421C1E00-E00F-00202

Regent’s
Canal
TEMP.0743
The Thames

C1E00-E00F-00202
C1E00-E00F-00202

* Well not within the route window

6.14.4

Impact Assessment

Chapter 4 and Section 6.4 describe route wide and route section wide impacts and generic
mitigation measures respectively. In addition, route window specific impacts and mitigation
measures have been identified and are described below. A summary is given in Appendix F.
(i)

Groundwater

Temporary: The westbound shaft and turnout cavern would be likely to pass into the sand
layer identified below the London Clay. Water levels in this sand layer were 90 mATD in
2003. Since the base of the shaft would be at a depth of 75.4 mATD, temporary dewatering
of the sand layer would be required to remove the risk of base heave or seepage during
construction. The sand layer may be hydraulically connected to the River Thames, which
could potentially increase the dewatering volumes involved. This could be controlled during
construction with the aid of grouting. It is predicted that dewatering of the sand layer would
not affect groundwater levels in the deep aquifer and no impacts are considered likely. It is
also planned that the water would be discharged to sewer and the necessary permit or
consent would be sought. Initial consultation with Thames Water has taken place.
The edge of 400 day TTZ to the one Thames Water proposed abstraction (Id 113) is close to
the Stepney Green worksite. Impacts on the water quality could be caused by the
construction works below the London Clay, in particular grouting, which could migrate into
the deep aquifer in the Chalk especially if there are excessive fluid losses. The low
permeability of the Lambeth Group strata along with natural attenuation and dilution in the
deep aquifer would reduce the potential effect on the abstraction. However, monitoring would
be in place to determine the water quality and fluid losses during construction works. It is
predicted that the impacts on the abstraction would be minor and an arrangement can be
negotiated with the well owner leading to no significant residual impacts. Consultation with
the well owner is taking place and appropriate monitoring, mitigation and compensation
measures would be agreed as required.
Permanent: The westbound tunnel would act as a permanent barrier to flow in the sand
layer below the London Clay, which may result in a rise in water levels on the upstream side.
The thickness and potential groundwater flows within the sand layer would be investigated
further through site investigation and monitored during construction. It may not be possible to
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mitigate the change in water levels, which could pose a risk to the tunnel construction.
However, the change in water level is not expected to cause any impacts on groundwater
levels or abstractions in the deep aquifer and there would, therefore, be no residual impacts.
(ii)

Surface Water

Temporary: Good site practice would be implemented to avoid significant pollution of, or
overland flow into, the remainder of the Stepney Green Park. This would be enforced via the
provisions for generic mitigation described in Appendix B, and there would therefore be no
significant residual impacts.
The north-east tunnel alignment would pass under the Regent’s Canal. There could be small
risk of damage to the canal structure caused by settlement of the ground during tunnelling.
This would be mitigated by the appropriate choice of construction method and monitoring,
which would be enforced via the provisions for generic mitigation described in Appendix B.
The Environment Agency and British Waterways would be notified. There would be no
significant residual impacts.
Permanent: There would be an increase in drainage where roof slabs and new accesses are
constructed around the shaft buildings. The site drainage would be directed to soakaway via
a catchpit using SUDS principles, unless a sewer connection is provided, leading to no
residual impacts.
(iii)

Residual Impacts

There would be no significant residual impacts from temporary or permanent works. There
would be a minor, temporary, non significant impact caused by the risk of polluted surface
runoff to the Stepney Green Park.

6.15

Route Window C10 – Lowell Street Shaft

6.15.1

Scheme Description

(i)

Overview

Crossrail’s twin-bore tunnels would pass beneath Commercial Road before swinging
southwards to pass beneath the DLR between Limehouse and Westferry stations. The
Lowell Street shaft and surface building are the only permanent works within this route
window.
The figure below shows the main features within the route window.
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Figure 6.12: Route Window C10 – Lowell Street Shaft

(ii)

Lowell Street Shaft

An 18.8 m diameter shaft would be constructed on undeveloped land at the corner of
Commercial Road and Basin Approach (at 610 Commercial Road). One approximately 25 m
long surface structure would be constructed along with an area of hard standing. Beneath the
surface, a concrete box will contain ventilation equipment. Temporary piling around the
perimeter of the shaft site and the installation of facilities to dewater the lower aquifer would
take place over a five month period.
(iii)

Twin-bore Tunnels

Two 6 m diameter twin-bore tunnels would be constructed with rails that would lie at a depth
of approximately 40 m (eastbound) and 36 m (westbound) below street level at Lowell Street
shaft.
(iv)

Duration of Works

The construction including fit out and commissioning of Lowell Street shaft would be
undertaken over approximately a four year period.
6.15.2

Additional Description Assumed for Water Resources Assessment

Lowell Street Shaft would be located adjacent to the Limehouse Basin. The shaft would be
constructed by sinking the box using caisson techniques. The base of the shaft would be at a
depth of approximately 64 mATD. The top of the Thanet Sands is 71 mATD and 2003 Chalk
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water levels in this area were approximately 85 mATD. Therefore, temporary dewatering of
the deep aquifer to a level of approximately 60 mATD would be required for construction
purposes. Rather than pumping directly from the Thanet Sands, it is likely that the Chalk
would be dewatered to provide underdrainage. It is proposed that the effluent would be
discharged to sewer and a trade effluent consent would be obtained from Thames Water.
The tunnel alignment passes under Regent’s Canal immediately to the west of Lowell Street
Shaft and under the Limehouse Cut immediately to the east of Lowell Street Shaft. The
tunnels would be constructed in the Lambeth Group between Stepney Green and Lowell
Street. The lowest invert level would be at Lowell Street Shaft where the tunnels would
intrude into the Thanet Sands and be mainly within this stratum to the Isle of Dogs Station. A
sump would be provided to collect drainage within the running tunnels.
6.15.3

Baseline Data

The superficial deposits comprise Made Ground, Alluvium and River Terrace Gravel
Deposits and have a thickness of around 5 m. Ground level is around 109.4 mATD at Lowell
Street and 104.5 mATD at Hertsmere Road. According to recent geotechnical site
investigations at Lowell Street (boreholes IOD7, IOD8R and IOD18E) the top of the London
Clay is at 103.4 mATD, the top of the Lambeth Group is at 87.6 mATD, the top of the Thanet
Sands is at 69.6 mATD and the top of the Chalk is at a depth of 56.5 mATD. At Hertsmere
Road these depths decrease to 79.3 mATD for the top of the Thanet Sands and 63.8 mATD
for the top of the Chalk; the London Clay is absent. This is based on borehole IOD15.
Environment Agency data gives the 2003 Chalk groundwater levels at Lowell Street to be
approximately 85 mATD, and at Hertsmere Road to be about four metres higher at
approximately 89 mATD. However, geotechnical investigations gave the Chalk groundwater
levels as 77.5 mATD at Lowell Street and 79.2 mATD at Hertsmere Road. Geotechnical
investigations from 2003 measured reduced water levels of approximately 81 mATD in the
Thanet Sands in two boreholes between Stepney Green and the Isle of Dogs. Water levels in
the area surrounding the Isle of Dogs would have been affected by recent dewatering
activities for construction at Canary Wharf from 1999 to 2001. In 2002, a piezometer reading
at Canary Wharf recorded a Chalk groundwater level of 75 mATD, with the groundwater
levels showing a rising trend since the termination of the dewatering operations.
Water levels would also be affected by the implementation of the GARDIT (General Aquifer
Research, Development and Investigation Team) strategy, designed to control the
groundwater level in the deep aquifer. Additionally, there has been a significant reduction in
water levels in the Stratford area, approximately 3.5 km to the north-east, due to the
commencement of the dewatering for the development of the Channel Tunnel Rail Link
(CTRL), and the Stratford Box station which may require permanent dewatering. These
activities are likely to influence the groundwater levels at Lowell Street.
In 2004, the piezometric surface in the shallow aquifer at Lowell Street was found to be
104.5 mATD which is possibly related to the level in the Limehouse Basin, and at Hertsmere
Road to be a few metres lower at 101.2 mATD.
Groundwater conditions and groundwater levels under the Limehouse Link Tunnel may be
affected by former ground improvements and dewatering activities which were undertaken
between 1990 and 1992.
6-73
203357/31/Final/Feb 05
Chapter 6 - Central Section Rev103.doc

Crossrail Line 1

Mott MacDonald

Assessment of Water Impacts Technical Report

Cross London Rail Links Limited

Groundwater in the deep aquifer is likely to be brackish to saline due to an influx of water
from the River Thames. There are no groundwater abstractions located within the route
window, however, two groundwater abstractions (Id 86 and 113) have a 400 day TTZ that
extends into the edges of the window. Groundwater in the shallow aquifer has an electrical
conductivity of 1300 µS/cm (borehole IOD15) indicating marginally potable water, although it
is likely to be contaminated.
The running tunnels pass under both the Regent’s Canal and the Limehouse Cut; both of
which flow into the Limehouse Basin which in turn is connected to the River Thames through
a narrow canal. West India Docks are in the eastern end of the window; these are discussed
in detail in route window C11. Regent’s Canal (the Grand Union Canal) has a chemical GQA
of C (fairly good) and a RQO of grade 3. The River Thames is tidal in this reach. Even
though the water quality in the Thames has improved considerably over the last years, the
impact of wastewater discharges to the river can still clearly be seen in the measured
concentrations of a range of determinands, see Appendix C. Generally the Thames has a
high content of suspended solids and nutrients resulting in algae growth.
The entire route window except the north-west corner is located on Flood Zone 3; however,
this is protected to a level of 105.23 mATD, assuming (A.C.15) that the Thames Barrier is
closed. There are no surface water abstractions within the route window. There are five
surface water discharges within the route window. Three of these are licensed to Thames
Water Utilities Ltd, and one to the London Docklands Development Corporation; all four
discharge to the tidal River Thames. The fifth discharge is owned by Price Waterhouse
Coopers and discharges to the West India Docks.
Baseline data relevant for route window C10 are summarised in the table below.
Table 6.17: Summary of Baseline – Route Window C10
Item
1a

Subject

1b

Geology – Superficial
deposits
Solid geology

2

Chalk groundwater levels

3

Groundwater quality

4

6a

Groundwater abstractions
and protected rights
Groundwater protection
zones/Time of travel zones
Main rivers

6b

Other watercourses

5

Details
Made Ground, Alluvium and
River Terrace Gravels
London Clay, Lambeth Group
and Thanet Sands
Lowell Street 77.5 mATD or
85 mATD (EA, 2003).
Hertsmere Road 79.2 mATD
or 89 mATD (EA, 2003).
Shallow: Non-Potable
Deep: Increased salinity
None
2 nr 400 day TTZ
River Thames
Limehouse Cut, Limehouse
Basin, Regent’s Canal
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7

8
9

Subject
River quality

Surface water abstraction
Surface water discharge

Cross London Rail Links Limited

Details
High concentration of
suspended solids and
nutrients, Algae growth.
GQA: Fairly good (C)
RQO: Grade 3
None
4 discharges to the Thames

10a Floodplains

Flood Zone 3

10b Flood levels

Protected to 105.23 mATD

Id

Drawing
1E0421-

Thames

Regent’s
Canal
TEMP.0743
CSSC.9890
CSAB.0528
CTWC.1951
CATM.2997

C1E00-E00F-00202

C1E00-E00F-00202
Thames
Estuary u/s of
Thames
Barrier

* Well not within the route window

6.15.4

Impact Assessment

Chapter 4 and Section 6.4 describe route wide and route section wide impacts and generic
mitigation measures respectively. In addition, route window specific impacts and mitigation
measures have been identified and are described below. A summary is given in Appendix F.
(i)

Groundwater

Temporary: The base of the shaft would be at a depth of approximately 64 mATD. The top
of the Thanet Sands is 71 mATD and 2003 Chalk water levels approximately 85 mATD.
Therefore, temporary dewatering of the deep aquifer to a level of approximately 60 mATD
would be required for construction purposes.
Dewatering of the deep aquifer for construction of Lowell Street Shaft, Hertsmere Road
Shaft, Isle of Dogs Station and Blackwall Way Shaft would create an extensive cone of
depression of the watertable in the deep aquifer. The impacts on the groundwater levels
have been calculated using the London Basin Groundwater model as described in detail in
Appendix E. As the dewatering at the different Crossrail sites would take place
simultaneously, it is not possible to refer a possible impact on a groundwater abstraction
back to a specific site. Therefore, all impacts on groundwater levels caused by the
dewatering of the deep aquifer at the above mentioned sites are reported in route window
C11 (Isle of Dogs Station).
The dewatering would increase the rate of infiltration from the Thames into the deep aquifer.
However, the impact on the water quality impact is considered insignificant since this
infiltration from the Thames has been occurring for a century or more and the aquifer has
poor, non-potable water quality as a result. It is anticipated that the Environment Agency
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would require the groundwater monitoring network around the Crossrail alignment to be
augmented during the construction period.
Permanent: The shafts would obstruct flows through sand channels in and above the
Lambeth clays as well as partially blocking flow in the Upnor Formation and upper layer of
Thanet Sands. Flows would redistribute elsewhere and would not affect any groundwater
abstractions. External grouting would reduce the potential for vertical flows. No impacts are,
therefore, considered likely.
(ii)

Surface Water

Temporary: Good site practice would be implemented to avoid significant pollution of, or
runoff to, surface waters, specifically the Limehouse Basin and the Regent’s Canal, from the
worksite caused by discharge into drainage pipes or storm water sewers connected to the
surface water bodies. Good site practice would be enforced via the provisions for generic
mitigation described in Appendix B, and there would therefore be no residual impacts.
Discharge of dewatering effluent, which is likely to be considerable, would lead to a
temporary loss of available sewer capacity over several months unless the effluent is
discharged to a water course. The necessary permit or consent would be sought.
Consultation with Thames Water has been initiated. The potential impact on the water quality
of the Thames as a result of discharge of dewatering effluent has been considered
collectively across route windows C10 to SE5 and is expected to be negligible. This is
discussed further in Route Window C11 and Appendix E. The impact would be negligible.
The tunnel alignment would pass under the Regent’s Canal and the Limehouse Cut. There
could be small risk of damage to the canal structures caused by settlement of the ground
during tunnelling. This would be mitigated by the appropriate choice of construction method
and monitoring, which would be enforced via the provisions for generic mitigation described
in Appendix B. The Environment Agency and British Waterways would be notified. There
would be no residual impacts.
Permanent: None.
(iii)

Residual Impacts

Dewatering would result in a temporary lowering of groundwater levels at a number of
boreholes. The lowering of groundwater levels at some of these boreholes would be
significant. Consultation with the individual well owners is taking place and appropriate
monitoring, mitigation and compensation measures would be agreed as required to give a
minor, temporary non significant residual impact.
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6.16

Route Window C11 – Isle of Dogs Station

6.16.1

Scheme Description

(i)

Overview

Cross London Rail Links Limited

Crossrail’s twin-bore tunnels would pass under the northern part of the Isle of Dogs between
Westferry Road in the west and the Blackwall Tunnel in the east with the rails at a depth of
about 30 m below street level. East of Westferry Road, the alignment runs under West India
Docks, North Dock (roughly parallel with the Docklands Light Railway (DLR)) and Aspen
Way. The main permanent features within this route window comprise the Hertsmere Road
shaft and the Isle of Dogs station. The main temporary features would be the North Quay
and Billingsgate worksites.
The figure below shows the main features within the route window.
Figure 6.13: Route Window C11 –Isle of Dogs Station

(ii)

Hertsmere Road Shaft

A 9 m diameter shaft would be constructed on a car park between the Cannon Workshops
on Cannon Drive and Hertsmere Road. Emergency intervention facilities would be provided.
At the surface, an 8 m high building would be constructed with a basement containing plant
equipment. An area of hard standing would also be provided adjacent to the building along
with a 30 space car park.
Dewatering of groundwater prior to excavation is assumed (A.C.16), for assessment
purposes, to be necessary.
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Excavation of a piled, concrete lined basement structure would be followed by construction of
the shaft. Construction of the base slab of the basement would include the casting in of the
first ring of the shaft. The construction of the shaft would be carried out by excavation and
sinking of pre-cast concrete ring segments in phases, which would take place over about 13
months.
(iii)

Isle of Dogs Station

A new station would be constructed beneath and within the West India North Dock. The
station would extend from east of the DLR bridge to the east end of the dock. The station
would be constructed within a 475 m long concrete box with a 245 m long island platform.
This would be fitted out to 210 m with the potential for extension should the need to operate
longer trains arise. A 165 m long scissor crossover at the western end of the box would
enable trains to terminate at the station and return either to central London or to Abbey
Wood.
Access to and from the station would be via a re-built Great Wharf Bridge. Escape and
ventilation structures would be constructed at each end of the station box.
The Isle of Dogs station would be constructed in two sections consisting of a single storey
crossover box at the western end and a two storey station box at the eastern end. The main
construction works would proceed as set out below.
•

Site set-up, removal of dock silts over the footprint of the cofferdam and sheet piling
to the perimeter of the crossover box. A temporary cross cofferdam near the west end
of the construction site would be constructed so that the western section can be
pumped out and prepared for works from the dock floor. Further wells to dewater the
deep aquifer would be installed. These works would take about one year and one
month in total.

•

The remainder of the station cofferdam would then be constructed, the enclosed area
of dock pumped out and silt removed. The cross cofferdam can then be removed.
The station box would be formed within the cofferdam using diaphragm walling. Prior
to excavation, plunge columns including tension piles would be bored from the dock
bed level. The box would be excavated in stages, constructing intermediate, base
and roof slabs as the work progresses.

•

The tunnel drives westwards to Stepney Green are commenced from the crossover
area at the western end of the Isle of Dogs station box. Additionally, the Isle of Dogs
station box would be broken through at its eastern end by a TBM completing its drive
from the east, having been launched from the Limmo Peninsula nine months
previously. This TBM would then be disassembled within the Isle of Dogs Station box.

•

The top of the western box would be backfilled to original dock base level. The dock
would then be flooded and the cofferdam removed.

Excavated material would be transported from the construction site via a conveyor system
along Bellmouth Passage to a barge loading point in the South Dock. Excavated material
would be transported away from the construction site along the River Thames by barge.
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The navigation access point for Blackwall Basin and Poplar Dock through Bellmouth
Passage would be closed off by the cofferdam works for the duration of construction.
(iv)

Twin-bore Tunnels

Two 6 m diameter tunnels would be constructed such that the rails would climb from a depth
of approximately 30 m below street level at Hertsmere Road shaft to a depth of
approximately 29 m below street level at the western end of Isle of Dogs station.
(v)

Duration of Works

The construction including fit out and commissioning of the Hertsmere Road shaft would take
approximately four years.
The construction including fit out and commissioning of the Isle of Dogs station would take
approximately five years.
6.16.2

Additional Description Assumed for Water Resources Assessment

Hertsmere Road Shaft would be constructed to a depth of approximately 65 mATD. The top
of the Thanet Sands is anticipated to be 79 mATD and the top of the Chalk is anticipated to
be at 64 mATD. 2003 Environment Agency data indicates that the groundwater level at
Hertsmere Road was approximately 86 mATD and therefore temporary dewatering of the
deep aquifer to a level of 3 to 5 m below the base of the works would be required. Rather
than pumping directly from the Thanet Sands, it is likely that the Chalk would be dewatered
to provide underdrainage.
The Isle of Dogs station box would be constructed in strata ranging from London Clay to
Thanet Sands. The top of the station box would be approximately 95 mATD which is
approximately at the North Quay Dock bed. The station and tunnel invert would fall within the
Thanet Sands and extensive dewatering of the Lambeth and Thanet Sands to around 6065 mATD would be needed in the early part of the programme order to avoid uplift/base
heave. Rather than relying on direct drainage of the sand facies, it is expected that the Chalk
would be dewatered to provide underdrainage. This procedure has been used twice before in
the area – for construction of the JLE Canary Wharf Station and, more recently, for
construction of large end bearing piles around Herons Quay. The use of tension piles
founded in the Chalk has been designed to a toe level of 46 mATD.
The conveyor along Bellmouth Passage would be carried on supports fixed to the side of the
passage, or possibly supported on floats.
6.16.3

Baseline Data

At Hertsmere Road Vent Shaft the London Clay is not present; the Lambeth Group directly
underlies the superficial deposits. Ground level is at 104.5 mATD and the top of the Lambeth
Group is at a level of 93.9 mATD, giving a thickness for the superficial deposits of around
10.6 m. According to borehole IOD15 the top of the Thanet Sands is at a level of 79.3 mATD,
and the top of the Chalk is at a level of 63.8 mATD.
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At the Isle of Dogs, the average level of the base of the dock level is 95 mATD and the
approximate level of the quay is 106 mATD. The geology in the central part of route window
C11 is complex: based on data from historic boreholes, the Chalk at the base of the Thanet
Sands would be encountered at approximately 63.3 mATD. The outcrop geology comprises
alluvium and floodplain gravel approximately 3 m thick below the base of the dock and 14 m
thick below the surrounding ground. The Lambeth Group, at 92 mATD, forms the subcrop in
the southern part of the route window (including most, or all of the station) where the London
Clay has been eroded away. In the east, the London Clay is more extensive due to the dip of
the strata. However, there is also a major fault and, at the existing Blackwall Tunnel portal, a
‘scour hollow’ where the London Clay is eroded away to reveal the heavily disturbed
Lambeth Group strata. The vertical alignment shows that the tunnel would be in the Thanet
Sands, passing into the overlying Lambeth Group in the east due to the dipping strata.
The upper part of the major aquifer below 80.5-87.3 mATD is in the Upnor Formation and
Thanet Sands. These are expected to be in hydraulic continuity with the underlying Chalk
which is present from below 61-65.5 mATD.
According to recent geotechnical investigations, the piezometric surface of the shallow
aquifer at the Isle of Dogs Station is 104.3 mATD (average dock water level). The
piezometric surface of the shallow aquifer at Hertsmere Road is 101.2 mATD.
Environment Agency data indicates that the 2003 deep groundwater level at the Isle of Dogs
Station was approximately 90 mATD. Geotechnical investigations from 2003 measured
reduced water levels of approximately 81 mATD in the Thanet Sands in two boreholes
between Stepney Green and the Isle of Dogs. Water levels in the area surrounding the Isle of
Dogs would have been affected by recent dewatering activities for construction at Canary
Wharf from 1999 to 2001. In 2002, a piezometer reading at Canary Wharf recorded a Chalk
groundwater level of 75 mATD, with the groundwater levels showing a rising trend due to the
termination of the dewatering operations. At Canary Wharf, the deep aquifer water level was
lowered to a minimum depth of 73 mATD. At the time of Crossrail construction, the aquifer
level is expected to have recovered to an equilibrium level of about 95 mATD, which was the
level in 1998 prior to the JLE construction. Geotechnical investigations from 2004 state that
deep groundwater levels in the Chalk are 96.2 mATD.
The deep groundwater quality in this area is likely to be poor; a conductivity measurement of
1170 µS/cm has been recorded in a well on the south-east edge of the route window, which
implies that the groundwater is only marginally potable. Mixed samples obtained during
dewatering at Canary Wharf from 1999-2001 show non-potable chloride concentrations and
electrical conductivity values (see Appendix C). The graph of the results shows some scatter
in earlier values, which may be a result of a change in the blend of wells being pumped
rather than a real change in water quality. Iron concentrations (shown on a separate figure in
Appendix C) show a strong trend with duration of pumping. Elevated iron concentrations in
the groundwater could cause some concern if discharged to surface water. One licensed
Chalk groundwater abstraction is located within the route window. This is licensed to Brittania
International Hotels Ltd (Id 86)for commercial/industrial use. The water is treated by reverse
osmosis since it is too mineralised to be used untreated. The well continued in operation and
the water quality was monitored during the recent phase of dewatering in the area. The
boundary of the 400 day TTZ is approximately 300 m from the route alignment. A number of
abstractions including those some distance from the Isle of Dogs have been included in the
modelling of impacts from dewatering operations. Appendix E contains further details.
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Groundwater in the shallow aquifer has an electrical conductivity of 4450 µS/cm (borehole
IOD15) indicating saline, non-potable water.
Limekiln Dock Sewer (a Lost River, the former Black Ditch) also crosses the alignment in the
area around the Limehouse Link Tunnel.
The River Thames flows around the Isle of Dogs Peninsula and appears in the south-east
corner of the route window; it is tidal in this reach. Even though the water quality in the
Thames has improved considerably over the last years, the impact of wastewater discharges
to the river can still clearly be seen in the measured concentrations of a range of
determinands. Generally, the Thames has a high content of suspended solids and nutrients
resulting in algae growth. The West India Docks are connected to the Thames at the eastern
end of the South Dock. In terms of microbiological parameters the water in the Blackwall
Basin and Poplar Dock is of a better quality than water in both the Thames and in the West
India Dock close to the inlet to the river. Although samples collected from the Poplar Dock
and Blackwall Basin have a slightly lower concentration of nutrients than those collected in
the outer docks, they also show sporadically high dissolved oxygen concentration and pH,
both of which are indicative of the presence of algae. It is to be expected that Poplar Dock
and Blackwall Basin, which are at some distance from the river inlet to the dock system,
would have a much lower suspended solids concentration than the outer docks. This,
together with the higher temperatures recorded in these docks, may explain the apparent
elevated algal presence in these water bodies. Water quality records from the Thames are
shown in Appendix C. Limekiln Dock Sewer (a Lost River) also crosses the route window.
There are five consented surface water discharges within the route window; all discharging
into the Thames.
The entire route window lies within the tidal Flood Zone 3 of the River Thames. The area
already has flood defences to an elevation of 105.23 mATD based on operation of the
Thames Barrier. The predicted 1:200 year and 1:1000 year flood levels in 2060 AD are
106.04 and 106.37 mATD assuming the Thames Barrier is not operated (A.C.15).
Baseline data relevant for route window C11 are summarised in the table below.
Table 6.18: Summary of Baseline - Route Window C11
Item
1a

Subject

1b

Geology – Superficial
deposits
Solid geology

2

Chalk groundwater levels

3

Groundwater quality

Details
Made Ground, Alluvium,
Terrace Gravels
Thanet Sands from approx.
77.7 mATD overlain by
Lambeth Group from approx.
92 mATD and partly by
London Clay to the north (from
approx. 94.3 mATD).
96.2 mATD (2004)
Shallow: Non-Potable
Deep: Increased salinity
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Item

Subject

4

6a

Groundwater abstractions
and protected rights
Groundwater protection
zones/Time of travel zones
Main rivers

6b
7

Other watercourses
River quality

5

8
9

Surface water abstractions
Surface water discharges

10a Floodplains
10b Flood levels

6.16.4

Cross London Rail Links Limited

Details

Id

1 abstraction license

86

1 nr 50 and 400 day TTZ

86

River Thames
West India Docks
High concentration of
suspended solids and
nutrients, algae growth
Elevated concentrations of
nutrients, high pH, and algae
growth. Generally better
quality than the Thames.
None
5 discharges to the Thames

Drawing
1E0421C1E00-E00F-00302
C1E00-E00F-00302
C1E00-E00F-00202

Thames

West India
Docks

CSAB.0528
CTWC.1718
CATM.2983
CATM.2997
CTWC.1951

Flood Zone 3

C1E00-E00F-00202

C1E00-E00F-00202

Thames
Estuary u/s of
105.23 mATD ( Barrier closed) Thames
Barrier
106.04 mATD (Barrier open)

Impact Assessment

Chapter 4 and Section 6.4 describe route wide and route section wide impacts and generic
mitigation measures respectively. In addition, route window specific impacts and mitigation
measures have been identified and are described below. A summary is given in Appendix F.
(i)

Groundwater

Temporary: Dewatering of the deep aquifer for construction of Lowell Street Shaft,
Hertsmere Road Shaft, Isle of Dogs Station and Blackwall Way Shaft would create an
extensive cone of depression of the water table in the deep aquifer. The impacts on the
groundwater levels have been calculated using the London Basin Groundwater model as
described in detail in Appendix E. As the dewatering at the different Crossrail sites would
take place simultaneously, it is not possible to refer a possible impact on a groundwater
abstraction back to a specific site. Therefore, all impacts on groundwater levels caused by
the dewatering of the deep aquifer at the above mentioned sites are reported within this in
route window.
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There are 25 (labelled A to Y) licensed abstractions across a wide zone where an impact on
water levels is predicted. The table below show the predicted impact on these abstractions.
Mitigation would include monitoring or, possibly, provision of alternative supplies.
Consultation with the individual well owners is taking place and appropriate monitoring,
mitigation and compensation measures would be agreed as required and as described in
Appendix B. The groundwater level monitoring network around the Crossrail alignment would
be augmented during the construction period and monitoring programme would be submitted
to the Environment Agency for approval. There would be no significant residual impacts.
Table 6.19: Modelled Drawdown at Existing Abstraction Boreholes
ID Nr

Easting

Northing

Ref.

Licence Nr

Licensee

Annual
Licence
(m3)

Daily
Licence
(m3)

Modelled
Drawdown
(m)

(NG, km)

168

(NG,
km)
535540

179470

A

28/39/42/0048

83804

229.6

6-8

533390

180180

B

28/39/42/0062

270000

1400

2-4

170

538900

179830

C

28/39/44/0024

70000

400

14-16

171
172

540100
538550

178700
177600

D
E

28/39/44/0038
28/39/44/0039

981266
20000

2688
86.4

6-8
2-4

173

539400

179300

F

28/39/44/0040

80000

600

8-10

174

538900

180050

G

28/39/44/0042

315360

864

16-18

175

540550

178940

H

28/39/44/0043

100000

400

6-8

176

539630

178090

I

28/39/44/0044

200000

548

4-6

177

538900

179830

J

28/39/44/0046

20000

80

14-16

4

537300

183100

K

29/38/09/0142

90920

545.52

4-6

5

537530

183420

L

29/38/09/0177

30000

489

2-4

26

536500

182100

M

28/39/39/0191

12330

48.2

8-10

29

537740

183700

N

29/38/09/0168

15000

55

2-4

37
49

537900
537400

183200
183900

O
P

proc_grw_r_1
29/38/09/0113

LONDON
BOROUGH OF
SOUTHWARK
LONDON BRIDGE
HOLDINGS LTD
BLACKWALL
AGGREGATES
LIMITED
J SAINSBURY LTD
TRUSTEES OF
NATIONAL
MARITIME
MUSEUM
URBAN
REGENERATION
AGENCY
ENGLISH
PARTNERSHIPS
UNITED MARINE
AGGREGATES
LTD
DEPT. OF HEALTH
LONDON REGION
HANSON QUARRY
PROD EUROPE
LTD
RADIANT METAL
FINISHING CO
LTD
AGGREGATE
INDUSTRIES UK
LTD
THE MILE END
PARK
PARTNERSHIP
TARMAC HEAVY
BUILDING
MATERIALS UK
LTD
BOW BACK RIVER
THAMES WATER

169

90921

20
2273.1

4-6
2-4
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ID Nr

Easting

Northing

(NG,
km)

(NG, km)

50

538900

52

Cross London Rail Links Limited

Ref.

Licence Nr

183000

Q

29/38/09/0149

539130

181170

R

29/38/09/0162

86

537350

179930

S

28/39/39/0179

87

534910

180540

T

28/39/39/0184

97

542300

179800

U

Protected
right

111

537583

183650

V

113

536140

182260

W

178

539300

180300

X

179

539300

179400

Y

Section 32
Consent (111)
Mile End
(proposed
site)
Protected
right
Protected
right

Annual
Licence
(m3)

Daily
Licence
(m3)

Modelled
Drawdown
(m)

107000

1963.6

6-8

30000

146.4

18-20

96624

264

18-20

966240

2640

6-8

1277500

3500

2-4

-

-

2-4

THAMES WATER
UTILITIES LTD

-

2600

4-6

Havering Local
Authority
Greenwich Local
Authority

-

-

16-18

-

-

8-10

Licensee

UTILITIES LTD
ANJUMAN-EISCAHULMUSLIMEEN OF
UK
LEE VALLEY
REGIONAL PARK
AUTH
BRITTANIA
INTERNATIONAL
HOTELS LTD
LONDON
BOROUGH OF
TOWER HAMLETS
THAMES
REFINERY,
SILVERTOWN
-

The dewatering would increase the rate of infiltration from the Thames into the deep aquifer.
However, the impact on the water quality impact is considered insignificant since this
infiltration from the Thames has been occurring for a century or more and the aquifer has
poor, non-potable water quality as a result. The analysis of the impact on groundwater quality
is described in detail in Appendix E. The groundwater quality monitoring network around the
Crossrail alignment would be augmented during the construction period as set out in
Appendix B and the monitoring programme would be submitted to the Environment Agency
for approval.
Permanent: The construction of cofferdams through the superficial deposits would reduce
the connection through the existing dock walls which are, almost certainly, slightly leaky. The
station box would obstruct flows through sand channels in and above the Lambeth Clays as
well as partially blocking flows in the Upnor Formation and upper layer of Thanet Sands.
Both impacts would be minor as any flows would redistribute elsewhere. No impacts are
considered significant.
Vertical flows from the dock to the deep aquifer are mainly prevented by the clays of the
upper Lambeth Group. The hydraulic resistance of the clays would be disturbed where any
steel piles forming the cofferdam were withdrawn but the impact would not be significant
since these piles would not penetrate through to the Upnor Formation or Thanet Sands of the
deep aquifer. The construction of tension piles into the Chalk would be carried out by
methods preventing instability of the overlying strata and ensuring a grout seal to the
formation in an area screened by the base slab of the station. It is assessed that the design
would prevent any seepage path developing between the dock and the Chalk along the piles.
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Furthermore, groundwater quality in the deep aquifer is already affected by historic infiltration
form the Thames system as described above.
(ii)

Surface Water

Temporary: The water from groundwater dewatering would be discharged to the River
Thames or the Docks. As described in Appendix E, the discharge rate would be small
relative to the flow of the Thames. The discharge would be low turbidity water with a salt
content often close to that in the Thames. Therefore the potential change in the salinity of the
Thames caused by discharge of dewatering effluent is far less than the natural fluctuation in
salinity of the Thames during the year and the impact on the water quality of the Thames is
predicted to be not significant (see Appendix E). The iron concentration may be elevated and
some simple treatment by aeration may be required to avoid a significant impact. The water
quality would be monitored near the outlets. The Environment Agency may require other
parameters to be monitored too, under the terms of the required discharge consent(s). If
mitigation measures are needed, these could include or altering the point of discharge,
leading to no significant residual impacts.
At the Isle of Dogs Station a cut and cover box containing the station, crossover and overrun
would be constructed within the West India Dock North to the west of the station. On
completion of the works there would be two shafts, for access and ventilation; the dock being
reinstated with these shafts emerging from the water surface. The Environment Agency
considers the dock system to be essential for the overall management of flood risk in the
Thames. During tides which are not high enough to trigger barrier closure, but higher than
the retained level in the dock system, water is allowed to enter the docks via the inward
facing mitre gates.
As described in more detail in the flood risk assessment presented in Appendix H, if Crossrail
works cause a reduction of 33 000 m2 in the surface area of water during construction and
3 600 m2 in the permanent works, then the total dock area of around 380 000 m2 would be
reduced by 9 % by the temporary works, and just under 1 % by the permanent works. There
would be less capacity for the storage of flood water in the docks and thus there would be
potential for an increased risk of flooding elsewhere. The impact of this amount of loss of
storage is considered insignificant in comparison to the overall flow and storage available in
the Thames when the Barrier is left open, since the area of the tidal Thames is so large in
comparison. Nevertheless, since the Environment Agency has expressed concern, the
potential for mitigation has been explored as discussed below.
Mitigation for this loss of storage could be effected by reducing the impounded level in the
dock system prior to a flood event, which British Waterways, as dock operators, seek to
maintain. It has been estimated that a reduction of approximately 5 cm in the impounded
level would provide sufficient additional storage during temporary works, and a reduction of
approximately 1cm for the permanent works would be adequate. These estimates are based
on a number of assumptions (A.C.17) of the area of docks, and operating procedures, which
have not been fully confirmed by British Waterways.
British Waterways have indicated they would strongly resist any proposal to reduce the
impounded level, on the basis that they consider such a reduction would be detrimental to
their operational activities and the integrity of the dock itself.
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An alternative means of mitigation would be for Crossrail to acquire alternative land in the
vicinity of the docks and make this available for compensatory storage. Due to difficulties
with availability of such land, it is doubtful if this is a practical proposition.
A further possibility is that the impacts could be overcome if the Thames Barrier were
operated differently. The volumes of flood storage concerned are very small over the area of
the Thames upstream of the Barrier and, in the permanent condition, the rise would be
0.05 cm in those floods for which the Barrier is left open. This in itself is not considered to
generate a significant impact on water levels or Barrier operation compared to other
concerns about the Barrier’s long term capacity.
In summary it is assessed that there is no significant floodplain related impact at this site
although it is recognised that the consultees are currently opposed to the proposal and it is
therefore registered as a concern.
There may be a possibility that some maintenance dredging would be required for the barge
loading area in the South Dock and this is expected to lead to a temporary deterioration in
water quality. The water quality in the Dock would also be affected by the construction of the
Isle of Dogs Station. As the dock is drained down, the water quality would reduce as more
and more of the contaminated bottom sediment is disturbed. At some point the silt content
would be too high for direct disposal and the silt would have to be extracted in its own right.
As the metals and other pollutant content in the water also rises, disposal to sewer and
eventually as special waste would be needed. There would, therefore, be a temporary
reduction in sewer capacity. The potential impact on the water quality in the Docks would be
mitigated by good site management as enforced by the provisions for generic mitigation
described in Appendix B. There may also be a need for some treatment on site to reduce the
amount of suspended particles etc. There is likely to be a temporary significant impact on
water quality. Excavated material is likely to be transported by barge to the final disposal
location. There is a risk of contamination of the water in the Docks with excavated material
lost during loading onto the barges. Good site practice, as enforced by the provisions for
generic mitigation described in Appendix B, would lead to no significant residual impacts
from dredging or barge loading.
The construction of the cofferdam would interfere with the natural circulation of water in the
west end of the North Dock and circulation to Blackwell Basin and Poplar Dock. Helical
screw aerators mounted on platforms would be provided as a mitigation measure to improve
water quality and avoid algal blooms. Use of pumps and, possibly, groundwater discharges,
would be considered to maintain circulation in the channels. A water quality and aquatic
ecology management plan would be developed in consultation with the Environment Agency
and British Waterways. There would be no significant residual impacts.
Permanent: The historically contaminated bottom sediment in the station area within the
North Docks would be removed leading to an improvement in the water quality. This is
covered in the contaminated land technical report.
The Hertsmere Road Shaft and Isle of Dogs Station would be sited on the defended
floodplain but could become partially inundated under some flood defence breach of Thames
Barrier failure scenarios. This would be mitigated by suitable design of the cill and or other
water entry levels. There would be no residual impact.
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The permanent floodplain related impact is predicted to be not significant as described in the
temporary impacts section above. Further consultation with the Environment Agency and
British Waterways regarding proposed mitigation would be undertaken.
(iii)

Residual Impacts

Temporary works would lead to short term deterioration in water quality in the docks during
dredging and construction. The proposed mitigation would overcome most of the expected
problems of developing algal blooms. There would be a minor, temporary, non significant
residual impact.
Dewatering at a number of boreholes would result in a significant temporary lowering of
groundwater levels. Consultation with the individual well owners is taking place and
appropriate monitoring, mitigation and compensation measures would be agreed as required
to give a minor, temporary, non significant residual impact.
It is assessed that there is a minor, non significant residual floodplain related impact; it is
recognised that the consultees are currently opposed to the proposed mitigation measures.
There would be a minor, temporary, non significant residual impact on water quality in the
River Thames caused by discharge of dewatering effluent.

6.17

Route Window C12 – Mile End Park & Eleanor Street Shafts

6.17.1

Scheme Description

(i)

Overview

Crossrail’s twin-bore tunnels would broadly follow the existing railway corridor in this route
window, with the rails at an approximate depth of between 23 m and 28 m from street level.
Other permanent works within this route window would be the Mile End Park shaft and
Eleanor Street shaft.
The figure below shows the main features within the route window.
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Figure 6.14: Route Window C12 – Mile End Park & Eleanor Street Shafts

(ii)

Mile End Park Shaft

To comply with safety requirements, Crossrail would construct a 16 m diameter shaft in the
southeast corner of Mile End Park bounded by Burdett Road and the mainline railway viaduct
that carries the line to and from Fenchurch Street. The shaft would have emergency escape,
EIP and ventilation facilities which would be housed in a structure approximately 8 m high,
38 m wide and 52 m long. The surface structure would be shaped as a green mount. A
hardstanding area would be provided for emergency assembly, emergency and maintenance
vehicles.
After site set up and diversion of utilities, main works would proceed as follows:
•

Excavation of a piled basement box structure. A base slab would be cast on the floor
of the basement box once excavation is completed. An opening would be left in the
base slab for shaft construction.

•

Excavation and construction of the shaft from the base of the box to tunnel level
would be undertaken in sections using sprayed concrete lining. A base slab would be
cast to the floor of the shaft once excavation is completed and would be fitted with a
drainage sump.

•

Construction of a central ventilation passage between the shaft and the tunnels
location. The ventilation passageways would be constructed using sprayed concrete
lining. Following these works the tunnel boring machines would pass through the area
during which time, the internal structural walls within the shaft and ventilation passage
ways would be installed.

6-88
203357/31/Final/Feb 05
Chapter 6 - Central Section Rev103.doc

Crossrail Line 1

Mott MacDonald

Assessment of Water Impacts Technical Report

Cross London Rail Links Limited

•

Construction of a central intervention and evacuation passage between the shaft and
the tunnels, using sprayed concrete lining followed by secondary concrete lining of
the passages, and of the twin-bore tunnels over about six months.

•

Once ground level works are completed the site would be landscaped to integrate
with the Mile End Park; hard standing would be constructed for use by emergency
services.

(iii)

Eleanor Street Shaft

To comply with safety requirements, Crossrail would construct a 15 m diameter shaft within
the eastern extent of the caravan park at the eastern end of Eleanor Street. A surface
structure of 11 m height, 17.5 m width and 35.5 m length would be constructed and set within
an area of hard standing for emergency and maintenance vehicles.
Works would proceed as follows for construction of Eleanor Street shaft:
•

Relocation of the caravan park and protection of viaduct structures, ground treatment,
utilities diversions and site set up would take place during the first six months of the
construction programme. During this time dewatering from permeable layers in the
Harwich Formation/Lambeth Group would be required. Dewatering of the deep
aquifer would also be required.

•

Construction of the vertical shaft would be undertaken using a caisson technique to
sink the shaft concrete lining segments until the London Clay is reached, followed by
sprayed concrete lining.

•

Construction of the horizontal ventilation adits followed by the intervention access
passages. These would be lined with sprayed concrete. The adits and connecting
passages would be constructed from the base of the shaft. From the ventilation adits,
the tunnel enlargements would be constructed.

•

The shaft would then be excavated to final level, and would be fitted with a waterproof
membrane and secondary lining. A water drainage sump would be installed as would
the stair and lift well and the intermediate floors.

At the Mile End Park worksite, works would be carried out from the southeastern corner of
Mile End Park.
(iv)

Twin-bore Tunnels

Two 6 m diameter tunnels would be constructed such that the rails would descend from a
depth of approximately 23 m below street level at Mile End Park shaft to a depth of
approximately 28 m below street level at Eleanor Street shaft.
(v)

Duration of Works

The construction including fit out and commissioning of Mile End Park shaft would be
undertaken over a period of about three years and nine months.
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The construction including fit out and commissioning of Eleanor Street shaft would be
undertaken over a period of about three years and three months.
6.17.2

Additional Description Assumed for Water Resources Assessment

Mile End Park Shaft: The invert of the shaft would be at a level of approximately 82 mATD.
Therefore, the shaft would be constructed predominantly within London Clay but the invert
may intrude into the upper Lambeth Group. The 6 m deep basement would be constructed
using secant piling, which would control the shallow aquifer and toe into the London Clay.
Eleanor Street Shaft: The upper portion of the shaft would be constructed using precast
concrete ring segments. From approximately 2.5 m into the London Clay (101.5 mATD), the
shaft would be constructed using SCL to a depth of approximately 73 mATD. At Eleanor
Street Shaft, dewatering from the Harwich Formation/Lambeth Group (Upper Mottled Beds)
would be required during construction. Dewatering of the deep aquifer would also be
required at Eleanor Street Shaft.
Tunnels: The running tunnels are expected to be predominately in the London Clay, but they
would intrude into the Lambeth Group with the deepest invert level at approximately
81 mATD around Eleanor Shaft.
6.17.3

Baseline Data

Recent geotechnical site investigations in the vicinity of Mile End Park Shaft comprise two
boreholes; BT11 and BT19. Ground level is at approximately 109.5 mATD. In these
boreholes the superficial deposits have a thickness of 4.1 and 5.4 m respectively. The
London Clay has a thickness of approximately 23 m and is found at a depth of 103.8 mATD.
Borehole BT11 encountered the top of the Lambeth Group at a level of 80.77 mATD and the
top of the Thanet Sands at a level of 62.67 mATD. Borehole BT19 terminated in the Harwich
Formation (top of stratum recorded at 80.64 mATD).
The water level in the Thanet Sands was recorded at 77.3 mATD in borehole BT11 during
recent geotechnical investigations. However, the Environment Agency indicates that the
regional Chalk water level in this area was 85 mATD in January 2003. The deep aquifer
groundwater quality in this area is likely to be brackish to saline due to inflow from the River
Thames. The piezometric surface of the shallow aquifer was found to be approximately
106.5 mATD at Mile End Park and 107.1 at Eleanor Street in 2004. Recent chemical analysis
of shallow groundwater taken from boreholes BT21, BT23, BT33 and BT34 shows that it is
contaminated (see Appendix C).
Three boreholes (BT25, BT26 and BT28) have been drilled in the vicinity of the Bow Triangle
as part of the recent geotechnical investigations; however, two of these terminate in the
London Clay. Ground level is at approximately 110 mATD. The superficial deposits are
between 4.7 and 6.3 m thick, with the top of the underlying London Clay at a level of between
104.05 and 106.76 mATD. In borehole BT28 (north-east of the Bow Triangle) the top of the
Harwich Formation was at 91.6 mATD and the top of the Lambeth Group at 91.45 mATD.
Using borehole BH10 (located approximately 420 m to the west of the Eleanor Street shaft);
the top of the Thanet Sands would be at approximately 65 mATD.
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Pore pressure levels of 107 mATD were recorded in the Terrace Gravels in borehole BT26,
Additionally, high pore pressure levels of 103.1 mATD were recorded in the Harwich
Formation/Lambeth Group – Upper Mottled Clay in borehole BT28 and estimated to be
around 101 mATD in borehole PML1, located near the Eleanor Street Shaft. High water
pressures were also estimated during the recent geotechnical investigation for the Harwich
Formation/Lambeth Group at Mile End Park; borehole BT9 gave a water pressure estimate
of 98 mATD for a sand lens in the Lambeth Group. Borehole BT38 gave a water pressure
estimate of 81 mATD for the Upnor Formation. Environment Agency data indicates that the
Chalk groundwater level in this area would be at a level of between 85 to 90 mATD,
suggesting that the Harwich Formation/Lambeth Group strata are being underdrained by the
deep aquifer and there is little flow between these units.
There are two licensed abstractions located within the route window. An abstraction is
licensed to The Mile End Park Partnership (Id 26) for drinking, cooking, sanitary use and
washing. Secondly, an abstraction is licensed to the Radiant Metal Finishing Co Ltd (Id 4) for
process water. Both sources abstract from the Chalk aquifer. The 400 day TTZ to these
cross the route alignment. A further 400 day TTZ to a Thames Water proposed site (Id 113)
reaches the northern edge of the Mile End Park Shaft site.
The running tunnels pass under the Regent’s Canal (Grand Union Canal) to the west of Mile
End Park. The chemical GQA has been classified as C (fairly good) for the RQO as grade 3.
There are no surface water abstractions or discharges within the route window. The
indicative tidal floodplain extends into the western edges of the route window.
Baseline data relevant for route window C12 are summarised in the table below.
Table 6.20: Summary of Baseline - Route Window C12
Item
1a

Subject

1b

Geology – Superficial
deposits
Solid geology

2

Chalk groundwater levels

3

Groundwater quality

4

Groundwater abstractions
and protected rights
Groundwater protection

5

Details
Alluvium and floodplain
gravel
London Clay (from
103.8 mATD at Mile End
Park Shaft, 104.05 and
106.76 mATD at Eleanor
Street), Harwich Formation,
Lambeth Group, Thanet
Sands (from 62 – 65 mATD)
85 to 90 mATD (EA, 2003)
77.3 mATD (Thanet Sands)
103.1 mATD (Harwich
Formation/Lambeth Group
(UMB))
Shallow: Non-Potable
Deep: Increased salinity
2 abstraction licenses

4, 26

2 nr 50 day TTZ

4, 26
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Item

Subject

3 nr 400 day TTZ
None
Regent’s Canal

4, 26, 113*

6a
6b

zones/Time of travel zones
Main rivers
Other watercourses

7

River quality

GQA: Fairly good (C)
RQO: Grade 3
None
None
Indicative tidal floodplain

Regent’s Canal

8 Surface water abstraction
9 Surface water discharge
10a Floodplains
10b Flood levels

Details

Id

Drawing
1E0421F-00302
C1E00-E00F-00202

The Thames

C1E00-E00F-00202

106.04 mATD (Barrier Open) Thames
Estuary u/s of
Thames Barrier

* Well not within the route window

6.17.4

Impact Assessment

Chapter 4 and Section 6.4 describe route wide and route section wide impacts and generic
mitigation measures respectively. In addition, route window specific impacts and mitigation
measures have been identified and are described below. A summary is given in Appendix F.
(i)

Groundwater

Temporary: At Mile End Park, dewatering of the deep aquifer would not be required if the
shaft reaches a level of 82 mATD which may be within the top of the Lambeth Group. In
2003 the groundwater level was 85 mATD and there is poor hydraulic connection between
the deep aquifer and the Lambeth Group. Any localised seepage from the Harwich
Formation/Lambeth Group would have to be pumped out where necessary, however; this
would have minimal impact on groundwater levels in the area and it is predicted no
significant impacts would occur.
At Eleanor Street Shaft, dewatering of the Harwich Formation/Lambeth Group (Upper
Mottled Clay) would be required to depressurise the permeable layers. There are no wells
abstracting from these layers. It is predicted that dewatering of this formation would not affect
groundwater levels in the deep aquifer and it is predicted no significant impacts would occur.
Additionally, dewatering of the deep aquifer would be required at Eleanor Street Shaft, since
the invert level is at 73 mATD (8 m above the anticipated top of the Thanet Sands), and
Environment Agency data indicates that deep aquifer groundwater levels were between 85 to
90 mATD in 2003. Deep aquifer groundwater levels would be lowered to between 3 to 5 m
below invert level to facilitate safe construction. Calculations have been undertaken to
assess the impacts on groundwater levels, see Appendix E. There are two abstractions
which could be affected by lower groundwater levels (see discussion under route window
C11). Mitigation measures would include monitoring and consultation with the well owners.
The impact on the abstractions would be minor and there would be no significant residual
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impacts. Consultation with the well owners is taking place and appropriate monitoring,
mitigation and compensation measures would be agreed as required.
The 400 day TTZ to the Thames water proposed abstraction (Id 113) crosses the Mile End
Park Shaft. Impacts on the water quality could be caused by the construction works within
the Lambeth Group, in particular grouting, which could migrate into the deep aquifer in the
Chalk especially if there are excessive fluid losses. The low permeability of the Lambeth
Group strata along with natural attenuation and dilution in the deep aquifer would reduce the
effect on the abstraction. However, monitoring would be in place to determine the water
quality and fluid losses during construction works. It is predicted that the impacts on the
abstraction would be minor and an arrangement can be negotiated with the well owner
leading to no significant residual impacts. Consultation with the well owners is taking place
and appropriate monitoring, mitigation and compensation measures would be agreed as
required.
Permanent: None.
(ii)

Surface Water

Temporary: Good site practice would be implemented to avoid significant pollution of, or
overland flow into, the reminder of the Mile End Park. This would be enforced via the
provisions for generic mitigation described in Appendix B, and there would therefore be no
significant residual impacts.
It is predicted that the water from all dewatering operations would be discharged to sewer
and the necessary discharge consent would be sought. The discharge of dewatering effluent
from Eleanor Shaft could be fairly large and would, therefore, lead to a temporary loss of
available sewer capacity. Consultation with Thames Water has been initiated and further
consultation would take place to determine a discharge point. The capacity reduction is not
considered to be a residual impact.
Permanent: There would be an increase in drainage where roof slabs and new accesses are
constructed around both the shaft buildings in particular at Mile End Park Shaft Site. The
area of new surfacing at Eleanor Street Shaft would be less and the site drainage would be
pumped to combined sewer. The Mile End Park Shaft site drainage could be directed to
soakaway using SUDS principles instead, unless a sewer connection is preferred. There
would be no residual impacts.
(iii)

Residual Impacts

Dewatering at a number of boreholes would result in a significant temporary lowering of
groundwater levels. Consultation with the individual well owners is taking place and
appropriate monitoring, mitigation and compensation measures would be agreed as required
to give a minor, temporary, non significant residual impact.
There would be a minor, temporary, non significant impact caused by the risk of polluted
surface runoff to the Mile End Park.
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6.18

Route Window C13 – Pudding Mill Lane Portal

6.18.1

Scheme Description

(i)

Overview

Crossrail’s twin-bore tunnels would pass between the A11, Bow Road at a depth of about
17 m from street level, before emerging from the ground near Pudding Mill Lane. Other
elements of the scheme in this route window include a replacement Docklands Light Railway
station and some realignment of existing railway. North of Bow Road, the alignment runs
roughly parallel with the Docklands Light Railway (DLR) corridor towards Pudding Mill Lane
station. From Pudding Mill Lane station the alignment shares the existing surface railway
corridor to the east. There are substantial enabling works including sewer diversions.
The main temporary features would be the Bow Midland Yard worksite to the north of the
alignment and the Pudding Mill Lane worksite to the south.
This route window covers a highly built-up residential area in its western part, while the
remainder consists of industrial areas, extensive railway lands and the north-south corridors
of a number of rivers including the River Lea, the City Mill River, the Waterworks River and
the Bow Back River. The DLR and Great Eastern Main Line (GEML) run east-west through
the route window.
The figure below shows the main features within the route window.
Figure 6.15: Route Window C13 – Pudding Mill Lane Portal

Permanent works would consist of:
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•

Pudding Mill Lane Portal, ramp and cut and cover box;

•

a new Pudding Mill Lane Docklands Light Railway station and alignment;

•

re-alignment of the westbound (up line) electric track of the Great Eastern Main Line
(GEML);

•

twin-bore tunnels; and

•

permanent closure of Pudding Mill Lane to road traffic and the opening up of
Marshgate Lane to road traffic.

•

EIP and escape facilities at the portal.
Pudding Mill Lane Portal, Ramp and Cut and Cover Box

The site is located between Marshgate Lane in the east and the River Lea in the west. From
the track level of the GEML, a ramp would descend to a portal and cut and cover box, which
starts immediately to the west of the existing DLR station. The ramp would continue to the
tunnel eye, which is located immediately to the east of the River Lea, from where the twinbore tunnels commence.
The Crossrail alignment of the running tunnels at Pudding Mill Lane would require diversion
of the Hackney to Abbey Mills and Wick Lane sewers into a single sewer. The diverted sewer
also runs into Route Window 13A. This sewer would be diverted to the east from the rear of
flats 31-69 on Baldock Street eastwards via intermediate shafts to the Thames Water site at
Abbey Mills. It would travel north eastwards to a shaft located in the Heron Industrial Estate,
then eastwards to a site located next to the junction of Marshgate Lane and Pudding Mill
Lane before passing beneath Claypole Road where a further shaft would be located in the
Green. The diversion would terminate at a new pumping station located at the Thames Water
Abbey Mills site.
There would also be a new shaft constructed on the Hackney to Abbey Mills sewer adjacent
to the Blackwall Tunnel Northern Approach road to enable the construction of a headwall on
that sewer.
The electricity cable that lies beneath the towpath on the east bank of the River Lea would
require a new support bridge to prevent damage from the construction of the Crossrail
tunnels. The bridge would not be visible on the surface after completion of the construction
works.
Pudding Mill Lane Worksite – Tunnelling and Portal Works: This area immediately to the
east of the River Lea forms the main site for the construction of the TBM launch chamber for
the tunnel drive to Whitechapel and the cut and cover tunnel box.
Construction of a piled ‘protection box’ would be carried out within the River Lea to allow
tunnel excavation under the river, taking approximately nine months. The TBM shaft and
assembly area would be constructed on the eastern banks of the River Lea over a period of
twelve months. From here the TBMs would start the tunnel drives passing under the River
Lea to Whitechapel taking approximately 14 months. The lower part of the ramp would be a
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box structure of concrete floor and roof between piled walls. The section of ramp between
Pudding Mill Lane and Marshgate Lane would be constructed on piles with reinforced
concrete walls.
The section of realigned DLR track and the new DLR station would run predominantly on a
new elevated viaduct, which would take 12 months to construct. Works would commence
with station construction followed by installation of the viaduct structures. Once the DLR
bridge work is completed and the DLR diverted onto the new track, bridges over the City Mill
River, Marshgate Lane and Northern Outfall Sewer would be constructed for the new
Crossrail track and the GEML London bound electric line. Each of these bridges would take
between 8 and 10 months to complete. Construction of the bridges over Marshgate Lane and
the Northern Outfall sewer would be completed using steel plate girder structures. The City
Mill River bridge would be constructed in situ over an 11 month period using a concrete
tunnel portal frame structure beneath the bridge. The working area at the City Mill River
would temporarily extend into the river leaving a 5 m wide navigation channel. An option for a
temporary culvert is also being considered.
(iii)

Changes to the DLR

The DLR would be re-aligned between the bridge over the River Lea and City Mill River to
accommodate the Crossrail running lines and the ramp into the tunnel. The existing Pudding
Mill Lane station would be demolished and a replacement would be constructed south of the
existing structure. The new station would have side platforms and would be longer than the
existing station to allow the future use of three car trains on the DLR.
(iv)

Changes to the GEML

The line currently used by westbound One Great Eastern ‘Metro’ services would be realigned
to the south between City Mill River and the bridge over the River Lea. It would cross the
Crossrail lines where the Crossrail lines are in the cut and cover box.
(v)

Twin-bore Tunnels

Two 6 m diameter twin-bore tunnels would be constructed with the rails at a depth of
approximately 17 m (eastbound) and 19 m (westbound) below street level.
(vi)

Duration of Works

The construction of the Pudding Mill Lane tunnel portal would take about four years and
three months to complete. This includes the period which would be required for the tunnels
works and modifications to the DLR and the GEML.
6.18.2

Additional Description Assumed for Water Resources Assessment

Tunnels: The running tunnels would be constructed in or above the Lambeth Group rising
from a level of approximately 82 mATD up into the London Clay under the Blackwall Tunnel.
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Pudding Mill Lane Portal: The portal would be located on the east bank of River Lea. A
slab would be provided in the base of River Lea to protect the river during tunnelling.
Eastwards, a 165 m long cut and cover box would be constructed using diaphragm walling
techniques. The walls would be constructed to a level of 86 mATD just east of the River Lea
rising to a level of 96 mATD where the piled base slab begins. The base slab of the launch
shaft would be 89 mATD. Local dewatering in superficial deposits and the Lambeth Group
would be necessary.
Temporary works would include narrowing of River Lea in two stages during the construction
of a concrete slab under the river. The construction would take place within cofferdam walls
that would take up part of the river, first in the western half of the river and afterwards in the
eastern half. The protective slab would be at a level of 100 mATD and constructed between
diaphragm walls (perpendicular to the cofferdam walls) extending into the London Clay. The
ground between the base slab and tunnel alignment would be grouted before tunnelling
through. It is proposed to leave a channel of at least 8 m width to reduce the risk of flooding
and impact on the river ecology and allow for navigation. The top of the walls surrounding the
construction area would be set at an elevation such that the River Lea overtops them in the
most extreme floods rather than causing the river to flood out of its banks. The channel width
would be restored to its original condition upon completion of the works.
Works to DLR: The works would require realignment of the DLR and demolition of the
existing Pudding Mill Lane DLR station, and a new station would be built on the south side of
the GEML. This would require a new retaining wall built on mini piles between the River Lea
and Marshgate Lane. A new bridge over City Mill River would be constructed to allow for the
realigned DLR. This would require a temporary worksite which would extend into the river
leaving a 5 m wide navigation channel open. Dredging of the channel may be required to
allow for navigation. The bridge construction would result in a small permanent narrowing of
the channel. An alternative option for temporary works would involve placing large pipe
culverts within the channel and constructing the working platform on top of these.
Utilities: Diversion AW/020 comprises a major realignment of the Hackney to Abbey Mills
and Wick Lane Sewers to avoid the portal and tunnel structures. This involves around
1200 m of tunnel 8 to 21 m deep and 2.4 m in diameter with 3 intermediate shafts plus shafts
at Wick Lane and the Thames Water site at Abbey Mills to connect into the existing sewers.
The sewer would require tunnelling under the Lea Navigation and the Three Mile Wall River.
Diversion AW/021 covers a 400 kV electricity cable in the canal towpath to the east of the
River Lea. This would be interfered with by the proposed works and in the worst case may
require a new underground support bridge to be built within the portal worksite. Cable would
be diverted between different join bays. The possible cable support structure would include
piles from 15 m to 20 m deep.
East of the City Mill River the proposed diversion of the DLR tracks would require a new
overhead electricity line pylon to be built (AW/022); most of this work would be above
ground. Old pylon foundations would be removed to a depth of 1.2 m.
Appendix G contains details of utility works in relation to water resources.
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Baseline Data

The superficial deposits comprise Made Ground, Alluvium and Terrace Gravels (Terrace
Gravels are absent to the west). The deposits are underlain by London Clay, the Harwich
Formation and the Lambeth Group. Ground level is between 105-110 mATD. Data from
boreholes around the cut and cover tunnel location indicates that London Clay is found at
approximately 96 mATD. This implies a thickness for the superficial deposits of 9 – 14 m.
The thickness of the London Clay becomes gradually thinner to the east with a thickness of
1.9 m some 150 m east of the River Lea. The underlying Harwich Formation is 6.7 m thick.
The Lambeth Group is encountered at a level of 87.7 mATD 150 m east of the River Lea.
Recent geotechnical site investigations show that the piezometric surface of the shallow
aquifer is around 104 mATD. There are indications that the superficial deposits and upper
part of the London Clay are contaminated; water abstracted from borehole PML8 had a
hydrocarbon sheen and a sulphide odour. Boreholes PML4 to PML8 gave estimated
groundwater levels of around 100 mATD for the Lambeth Group. In 2003, groundwater levels
in the Chalk aquifer were 85 mATD with a regional gradient from east to west. However, the
present Chalk groundwater levels are expected to have been affected by the construction
dewatering of CTRL, which commenced in late 2002. Water abstracted from borehole PML4
had an electrical conductivity of 1400 µS/cm, which implies water that is very marginally
potable although the Chalk groundwater quality in this region is likely to be brackish on
average.
There are five groundwater abstractions within the route window. The abstractions are
licensed to Radiant Metal Finishing Co Ltd (Id 4) for process water, and Aggregate Industries
UK Ltd (Id 5) and Tarmac Heavy Building Materials UK Ltd (Id 29) both for dust suppression
purposes. The protected right is registered to Newham Local Authority (Id 37). No further
information is available for the Section 32 consent (Id 111). Water is abstracted from the
Chalk aquifer. TTZs have been estimated for these boreholes and there are five 50 day TTZ
and eight 400 day TTZ zones present within the window. The 400 day TTZ for abstractions
with Id numbers 4, 5, 29 and 111 cross the worksites.
The River Lea is part of the Bow Back Rivers system of waterways as shown on Figure 6.16.
The system within the window includes City Mill River, Pudding Mill River, Bow Back River
and Waterworks River. Waterworks River is the main conveyor of water and only some 10%
of water in the river system passes through the River Lea and the City Mill River. The flow is
controlled by a number of locks and other control structures. The River Lea is typically 20 m
wide and the river bed within the route window is approximately 101.4 mATD at the deepest
section. It is understood to be supported by a masonry wall at the west bank and sheet piles
at the east bank. The toe depth of the foundation is believed to be approximately 5 m below
ground level. City Mill River is about 20 m wide and lined with concrete.
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Figure 6.16: Bow Back Rivers
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Tidal and fluvial floodplains are associated with the river system. The tidal floodplain covers
the route window east of Blackwall Tunnel, but flood defence structures are in place along
the channels. The flooding characteristics of the affected rivers have been described in
‘Pudding Mill Lane Portal & City Mill River Crossing, Flood Risk Assessment’. This report is
presented in Appendix H. The River Lea in the area of the proposed tunnel portal and City
Mill River is protected to a 200-year tidal flooding event. Some areas upstream of the GEML
crossing on the River Lea would not be protected to the same degree.
River quality has been determined for the River Lea system. According to the Environment
Agency, the classification only appears to be associated with the River Lea and City Mill
River. Both have been given a RQO of 4 (moderate to low) and a chemical GQA of grade D.
The classification also records phosphate as ‘excessively high’ and nitrate as ‘moderate’.
There is a surface water abstraction in Bow Back River licensed to British Waterways. There
are two surface water discharge consents licensed to Sortex Ltd (CTWC.0224) and
Lancaster Porsche (CTWC.3291), both discharging to Bow Back River.
Baseline data relevant for route window C13 are summarised in the table below.
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Table 6.21: Summary of Baseline - Route Window C13
Item
1a

Subject

1b

Geology – Superficial
deposits
Solid geology

2

Chalk groundwater levels

3

Groundwater quality

4

Groundwater abstractions
and protected rights

5

Groundwater protection
zones/Time of travel zones

6a

Main rivers

6b
7

Other watercourses
River quality

8
9

Surface water abstraction
Surface water discharge

10a Floodplains
10b Flood levels at the river
crossings (model resultsCW/SP to check latest)

Details

Id

Made Ground, Alluvium and
Terrace Gravels
London Clay from 96 mATD
(underlain by Harwich
Formation and Lambeth
Group).
85 mATD (2003)
Shallow: Non-potable,
possibly contaminated
Deep: Increased salinity
3 abstraction licences
1 Section 32 consent
1 protected right
5 nr 50 day TTZs
8 nr 400 day TTZs

4, 5, 29
111
37
4, 5, 29, 37, 111
4, 5, 29, 37, 49*,
51*, 9*, 111
1 nr 400 day TTZ (AW/020) 50
Lea Navigation
Bow Back River
Pudding Mill River
City Mill River
Waterworks River
None
GQA: Fair (D)
River Lea and
RQO: Grade 4
City Mill River
1
29/38/09/0147
2 to Bow Back River
CTWC.3291
CTWC.0224
Tidal and fluvial
The Thames, and
River Lea
200 yr tidal: 104.85 mATD River Lea
100 yr fluvial: 105.02 mATD
200 yr tidal: 104.87 mATD City Mill River
100 yr fluvial: 105.04 mATD

Drawing
1E0421-

C1E00-E00F-00302
C1E00-E00F-00302
C1E00-E00F-00302
C1E00-E00F-00302

C1E00-E00F-00202

C1E00-E00F-00202
C1E00-E00F-00202

* Well not within the route window

6.18.4

Impact Assessment

Chapter 4 and Section 6.4 describe route wide and route section wide impacts and generic
mitigation measures respectively. In addition, route window specific impacts and mitigation
measures have been identified and are described below. A summary is given in Appendix F.
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Groundwater

Temporary: The base of the shaft east of the River Lea would be constructed to a depth of
85 mATD which is in the upper part of the Lambeth Group. The groundwater level in the
Chalk is around 85 mATD so dewatering may be required. However, further site investigation
would be required prior to construction to confirm this. Any impacts from the dewatering are
expected to be a localised fall in groundwater levels since only a minor, temporary lowering
of the water table would be required. There is a potential for the Aggregate Industries
abstraction (Id 5) to be impacted, but any impact would be minor. Consultation with the
individual well owners is taking place and appropriate monitoring, mitigation and
compensation measures would be agreed as required and as described in Appendix B.
Therefore, there would be no significant residual impacts.
The 400 day TTZ to the Aggregate Industries abstraction (Id 5) crosses the portal worksite.
Impacts on the water quality could be caused by the construction works below the London
Clay, in particular grouting, which could migrate into the deep aquifer in the Chalk especially
if there are excessive fluid losses. The low permeability of the Lambeth Group strata along
with natural attenuation and dilution in the deep aquifer would reduce the effect on the
abstraction. However, monitoring would be in place to determine the water quality and fluid
losses during construction works. It is predicted that the impacts on the abstraction would not
be significant.
A general risk is present as contamination may be mobilised from ground breaking works in
land currently assessed as being polluted. The scope of future contaminated land and
geotechnical site investigations would include additional deep boreholes to confirm the
presence of low permeable strata of significant thicknesses to provide a sufficient barrier to
migration of polluted water. Contaminated land remedial work would include suitable
mitigation measures to protect groundwater and this is covered in the associated
contaminated land technical report. There could be a potential for contaminated water to flow
along the tunnel approach into the middle aquifer (Harwich Formation) below the London
Clay. This would be mitigated by ensuring proper grouting around the walls and tunnels
along with monitoring of water quality during construction. Good practice would be enforced
via the provisions for generic mitigation described in Appendix B, and therefore there would
be no significant residual impacts.
It would be necessary to apply mitigation measures as set out in Appendix B to treat any
excessively contaminated groundwater prior to its discharge to foul sewer.
Construction of the sewer diversion (AW/020) would involve dewatering of the shallow
aquifer around the shafts and micro tunnelling. Dewatering effluents would be disposed of to
the combined sewer system. It is predicted, based on preliminary desk study, that the
proposed sewer tunnel inverts are within the Lambeth Group and London Clay. A more
comprehensive geological appraisal would be available from site investigations. Although the
alignment passes through the 400 day TTZs for wells Ids 4, 5, 111 and 50, the impacts on
the deep aquifer in the TTZs would be attenuated as described for the running tunnels and
portal itself.. Good practice would be enforced via the provisions for generic mitigation
described in Appendix B, and therefore there would be no significant residual impacts from
the sewer diversions.
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Consultation with the well owner (Id 5) is taking place regarding the impacts described above
and appropriate monitoring, mitigation and compensation measures would be agreed as
required. Further consultation with the well owners close to the sewer diversions would take
place.
Permanent: The tunnel portal would act as a barrier to lateral groundwater flow in the
shallow aquifer over a length of approximately 165 m. As described in Appendix E, a
maximum rise and fall in the groundwater levels of 0.27 m at 20 m away from the structure
has been predicted assuming (A.C.10) plausible aquifer properties. The groundwater in the
shallow aquifer is expected to flow towards the rivers, which is in a direction parallel to the
box alignment and the impacts are therefore expected to be lower. The width and potential
groundwater flows within the superficial deposits would be investigated further through site
investigation and monitored during construction. Potential mitigation measures could include
provision of drainage installed around the portal structures to overcome excessive
groundwater level rises. There would be no significant impacts on groundwater levels caused
by the shaft.
Remediation of contaminated land in the area would lead to an improvement in shallow
groundwater quality.
(ii)

Surface Water

Temporary: The chosen scheme follows a detailed assessment of environmental impacts
and several mitigation measures with regard to water issues have been considered and
incorporated into scheme. However, the scheme would still impact on water in terms of the
construction within a floodplain (although this is, mostly, defended), temporary closure of
parts of the rivers and working sites in proximity to surface waters.
An assessment of the flood risk arising from the proposed work is described in ‘Flood Risk
Assessment – Pudding Mill Lane Portal, January 2005’. This report is presented in Appendix
H. The temporary narrowing of the Lea Navigation and City Mill River would result in peak
flood levels increasing locally due to the backing-up of the flow (afflux).
For the tunnel portal site on the River Lea it has been found that, provided the temporary
channel width is maintained at a minimum of 8 m rather than the minimum navigation width
of 5 m, the increase in peak levels during flood events would have no significant impact on
flood risk at the site. For the temporary 8 m channel width, predicted peak flood levels are
5.14 mAOD in the 100-year fluvial/20-year tidal case and 4.89 mAOD in the 200-year
tidal/20-year fluvial case. For an 8 m wide channel the maximum afflux at the worksite would
be 0.12 m, which though diminishing in height, would propagate upstream as far as Old Ford
Lock. It appears that there could be a minor increased flooding risk to vulnerable sites
between the portal and Old Ford Lock but this would be subject to further site survey. Any
risk could be mitigated by providing temporary flood defences in case of a flood event. In
addition, the height of the temporary works would be chosen to be such that more extreme
floods would overtop them and avoid overtopping the river defences. Therefore, with
provision of an 8 m wide constriction, the flooding risk would be minor leading to no residual
impacts. Details of the afflux calculation as submitted to the Environment Agency are given in
Appendix H.
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Temporary narrowing of the Lea Navigation would lead to higher flow velocities which could
lead to increased scour along the river bed and banks. However, the flows within the channel
are fairly small and the river banks are piled and the bed would be underlain by concrete at
the narrowed section. Moreover, the flows can be controlled upstream. No residual impacts
would occur.
For the City Mill Bridge site it has been found that, provided the temporary channel width is
maintained at a minimum of 5 m, the increase in peak levels during flood events would have
no significant impact on flood risk either at the site or in surrounding reaches. Predicted peak
flood levels are 5.15 mAOD in the 100-year fluvial/20-year tidal case and 4.91 mAOD in the
200-year tidal/20-year fluvial case. As an alternative to the temporary narrowing of the
channel, large diameter culvert pipes could be provided in City Mill River if required to
maintain water quality and flow. There would, therefore, be no significant residual impacts.
There is a potential for contamination of the Lea Navigation, Bow Back River and City Mill
River during the construction works as works are taking place within the river and in the case
of the Lea Navigation, in the towpath (utility diversion AW/021). In addition, there would be
storage sites nearby. The water quality in the City Mill River and downstream connections
may be affected by the works. It would also be necessary to carry out some excavation or
dredging in the river channels to enable the construction works to take place in the river. The
water quality downstream of the works may be affected by the dredging and the removal of
vegetation. The nearest control points are the City Mill Lock and the Three Mills Sluice. Good
site practice would be implemented to avoid significant pollution of, or runoff to, surface
waters, from the worksites caused by discharge into drainage pipes or storm water sewers
connected to the channels. Works would be carried out according to the ‘Code of Practice for
Works Affecting British Waterways’, the Environment Agency’s requirements for construction
in rivers and the provisions for generic mitigation described in Appendix B. Further
consultation with British Waterways and the Environment Agency would be undertaken.
There would no significant residual impacts.
The sewer tunnel alignment would pass under the Lea Navigation and Three Mile Wall River.
There could be small risk of damage to the canal structures caused by settlement of the
ground during tunnelling. However, this impact can be mitigated for by the appropriate choice
of construction method, monitoring of ground settlement, and making good flood defences to
ensure that the defended level continues to be achieved. Specific measures would be
included in the provisions for generic mitigation described in Appendix B relating to tunnelling
under rivers. Consultation with the Environment Agency would also be undertaken as
required under the provisions for generic mitigation described in Appendix B. There would be
no significant residual impacts.
Permanent: The study of the permanent flood impact along City Mills River concludes that
narrowing of the river would cause a change in the flow capacity of less than 10% and result
in an increase in flood level locally by less than 5 mm which would not result in any increased
flood risk. The Environment Agency has expressed concern about any permanent narrowing
of the river. Whilst this can be recorded as an impact, the lack of a flooding risk means it is
not considered significant.
The peak flood level is 105.02 mATD. Whilst the portal and access shaft is above this level,
suitable design measures should be incorporated to ensure protection of at least an
additional 1 m.
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There would be an increase in drainage, originating from the tunnel approach ramp. The
drainage could be directed to soakaway using SUDS principles, unless a sewer connection is
preferred. Consultation with Thames Water has been initiated. There would be no residual
impacts.
(iii)

Residual Impacts

The temporary narrowing of the River Lea would lead to a slight increased flood risk.
Provision of an 8 m constriction in the channel and, if required by the Environment Agency,
provision of temporary flood defences at vulnerable sites between the portal and Old Ford
Lock would reduce the impact significantly. There would be a minor, temporary, non
significant residual impact.
There would be a minor, temporary, non significant residual impact on flood levels and flows
caused by narrowing City Mills River during construction.
There would be a minor, temporary, non significant impact on water quality in the Lea
Navigation, Bow Back River and City Mill River during the construction works due to
construction taking place within or adjacent to the rivers.
(iv)

Interaction with the Olympics

The permission for the Olympic proposals includes the realignment and restoration of the
Pudding Mill River, part of which falls within the Pudding Mill Lane route window C13. In
particular, the Olympic Masterplan proposes to restore the Pudding Mill River along
Marshgate Lane, which conflicts with the Crossrail proposals to open up Marshgate Lane to
traffic. A possible solution may be to restore the Pudding Mill River, in part, along Pudding
Mill Lane, rather than Marshgate Lane. At this point, the Crossrail line is estimated to be
2.1 m above existing ground level which may cause a restriction in terms of navigation along
the restored Pudding Mill River. Consultation would need to be undertaken with the London
Development Agency, British Waterways and the Environment Agency to find the most
appropriate route for the Pudding Mill River, having regard to whether London is awarded the
Olympics in 2012.

6.19

Route Window C13A – Abbey Mills

6.19.1

Scheme Description

(i)

Overview

The works in this route window, which is located in LB Newham, comprise the diversion of
the Hackney to Abbey Mills and Wick Lane sewers, as a result of alignment of the Crossrail
running tunnels at Pudding Mill Lane (Route Window C13).
The figure below shows the main features within the route window.
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Figure 6.17: Route Window C13A – Abbey Mills

(ii)

Sewer Diversions

The works would involve two shafts, one of which is required for the insertion or recovery of a
TBM; the other shaft is for access during and after the works. A new pumping station would
be constructed at the Abbey Mills site.
6.19.2

Additional Description Assumed for Water Resources Assessment

Appendix G contains details of utility works in relation to water resources.
6.19.3

Baseline Data

The geology of route window C13A comprises the London Clay, Harwich Formation and
Lambeth Group overlain by Alluvium, Made Ground and Taplow Gravel. There is one
groundwater abstraction within the route window, licensed to ANJUMAN-E-ISCAHULMUSLIMEEN OF UK (Id 50), abstracting from the Chalk for non-evaporative cooling
purposes. The 400 and 50 day SPZ for abstraction Id 50 are within the route window. The
400 day SPZ for abstraction Id 36 extends into the route window. The worksites within route
window C13A do not lie on any of these SPZs.
There is one main river within the route window: the River Lea (Lea Navigation). The Three
Mile Wall River also lies within the route window. The route window lies on the tidal Flood
Zone 3 to the River Thames. There is one surface water discharge to the River Lea within
the route window CSAB.0530, licensed to Thames Water Utilities Limited.
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Table 6.22: Summary of Baseline - Route Window C13A
Item
1a

Subject

1b

Geology – Superficial
deposits
Solid geology

2
3

Chalk groundwater levels
Groundwater quality

4

Groundwater abstractions
and protected rights
Groundwater protection
zones/Time of travel zones

5

Details

Drawing
1E0421-

Made Ground, Alluvium and
Terrace Gravels
London Clay, Harwich
Formation and Lambeth
Group
Shallow: Non-potable,
possibly contaminated
Deep: Increased salinity
1 abstraction licences

50

1 nr 50 day TTZs
2 nr 400 day TTZs

50
50, 36*

6a

Main rivers

Lea Navigation

6b
7

Other watercourses
River quality

8
9

Surface water abstraction
Surface water discharge

Three Mile Wall River
GQA: Fair (D)
RQO: Grade 4
None
1 to River Lea

10a Floodplains

Id

Tidal and fluvial

C1E00-E00F-00302
C1E00-E00F-00302
C1E00-E00F-00302

C1E00-E00F-00202
River Lea

CSAB.0530

C1E00-E00F-00202
The Thames, and C1E00-E00River Lea
F-00202

* Well not within the route window

6.19.4

Impact Assessment

(i)

Groundwater

Temporary: Construction of the sewer diversion (AW/020) would involve dewatering of the
shallow aquifer around the shafts and micro tunnelling. Dewatering effluents would be
disposed of to the combined sewer system. It is predicted, based on preliminary desk study,
that the proposed sewer tunnel inverts are within the Lambeth Group and London Clay. A
more comprehensive geological appraisal would be available from the current site
investigations. Good practice would be enforced via the provisions for generic mitigation
described in Appendix B, and therefore there would be no residual impacts from the sewer
diversions.
Permanent: None.
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Surface Water

Temporary: Good site practice would be implemented to avoid significant pollution of, or
runoff to, surface waters, from the worksites caused by discharge into drainage pipes or
storm water sewers connected to the channels. Works would be carried out according to the
‘Code of Practice for Works Affecting British Waterways’, the Environment Agency’s
requirements for construction in rivers and the provisions for generic mitigation described in
Appendix B. Further consultation with British Waterways and the Environment Agency would
be undertaken. There would no residual impacts.
Construction of the sewer diversion under the Three Mile Wall River is discussed under route
window C13.
Permanent: None.
(iii)

Residual Impacts

No residual significant impacts from temporary or permanent work would occur.

6.20

Summary of Significant Impacts and Assessment – Central Route
Section

The Environment Agency have expressed concern about:
•

the loss of flood storage within the West India Docks for flood events that are lower
than the threshold at which the Thames Barrier is operated.

•

Any permanent narrowing of the City Mills River

Permanent impacts on flood risk at the City Mills River have been assessed as negligible.
Temporary and permanent impacts at the Isle of Dogs Station have been assessed as nonsignificant. The latter impacts could be mitigated, however, at this stage, mitigation cannot be
guaranteed.
This assessment concludes that there would be no significant residual impacts from
temporary or permanent works in the Central Route Section. The residual impacts are also
presented on Drawings 1E0321-C1E00-E00-F-00001 to 00002 with references to the impact
register presented in Appendix F.
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