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Geotechnical Conceptual Design Report <
To: Mike Frobel
From: Angela Bellis Email:  Angela.bellis@atkinsglobal.com
Phone: 01223 81 4197 Date: 15" April 2013
Ref: 5111977.600 cc:
Subject: TfL Silvertown Crossing: Geotechnical Conceptual Design

The TfL Silvertown Crossing scheme will involve the construction of a tunnel to cross the River
Thames and which will require new highway road alignments at the northern and southern tunnel
portals to allow integration of the proposed works to the existing highway network.

Following consideration of various highway alignments TfL has instructed Atkins to undertake
conceptual design for options South 4, North 5A and North 5B and also consider the design for an
additional option for the south site. The additional south site option is to follow the same principles
as per South 4 however the alignment shall not be constrained by the highway boundary on the
western side of the A102 so as to result in a straighter highway alignment. Therefore, the main
geotechnical aspects of this additional option will remain the same as per option South 4. Option
South 4 has two versions one with and one without a bus link from Millennium Way to Silvertown
Tunnel.

It should be noted that as part of southern site options the Footbridge in the vicinity of Boord Street
will be re-located, however the foundation design will not form part of this conceptual design
submission.

The geotechnical design aspects required as part of each option are as follows:
e South 4 without bus link (see Drawing No. 5110309/HW/GA/0107)

o Earthworks — Major conventional cutting slopes are proposed between the tunnel
south portal and proposed bridge. A relatively low rise approach embankment is
also proposed west of the bridge.

o Bridge foundations — Piled foundations are proposed at the bridge abutments.

o Retaining walls — Due to land take restrictions retaining walls are proposed to
support the eastern bridge approach embankment.

e South 4 with bus link (see Drawing No. 5110309/HW/GA/0103)

o Earthworks — A major conventional cutting slope is proposed between the tunnel
south portal and proposed bridge. The cutting west of the portal extends towards
the western end of the proposed junction to allow the construction of the bus link.
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In addition a relatively low rise conventional embankment slope is proposed south
of the western bridge approach embankment.

Bridge foundations — Piled foundations are proposed at the bridge abutments.

Retaining walls — Due to land take restrictions retaining walls are proposed to
support the eastern bridge approach embankment and the north side of the
western approach embankment.

e North 5A (see Drawing No. 5110309/HW/GA/0207)

O

Earthworks — A major cutting slope is required directly west of the tunnel north
portal. Relatively minor cuttings and embankments are required along the
proposed road to connect Dock road to the new roundabout that runs parallel to
the Docklands light railway line. Further earthworks in the form of a cutting and
embankment are proposed along the road proposed to allow connection between
the new roundabout and Lower Lea Crossing road.

Retaining Walls — A major retaining wall is proposed along the eastern boundary of
the proposed works that will extend between the tunnel north portal and new
roundabout. A relatively short retaining wall is also proposed to the west of the new
roundabout.

¢ North 5B (see Drawing No. 5110309/HW/GA/0208)

O

Earthworks — Major cutting slopes are required at the tunnel north portal. Relatively
minor cuttings and embankments are required along the proposed road to connect
Dock road to the new roundabout that runs parallel to the Docklands light railway
line. Further earthworks in the form of a cutting and embankment are proposed
along the road proposed to allow connection between the new roundabout and
Lower Lea Crossing road.

Retaining Walls — A retaining wall is proposed along the western side of the new
roundabout.

The following sections summarise conceptual design information relating to the geotechnical
aspects required as part of each of the highway alignment options, South 4 without bus link, South
4 with bus link, North 5A and North 5B.

1.

1.1

South 4 Earthworks - with and without bus link

Earthworks

Figure 1 below shows the earthworks considered in the conceptual design for option South 4
without bus link. The maximum cutting depth of EWK/S1 and EWK/S2 is 10m and 7.5m
respectively, whilst the maximum embankment height of EWK/S3 is 2.5m.
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Figure 1 — Earthworks at South 4 without bus link

Figure 2 below shows the additional earthworks considered in the conceptual design for option
South 4 with bus link. The maximum cutting depth of EWK/S4 is 7.5m and the maximum
embankment height of EWK/S5 is 1.5m.

TUNNEL HOUSE (GRADE|
2 LISTED BUILDING)

Figure 2 — Earthworks at South 4 with bus link

1.2. Ground Conditions

During the conceptual design stage the exploratory holes available directly within the extents of the
proposed earthworks, were the BGS historical exploratory holes. These exploratory holes were
reviewed to allow the determination of the ground model along each earthwork.

The available BGS historical exploratory holes recorded the presence of Made Ground, Alluvium,
River Terrace Deposits and London Clay within the extents of the proposed earthworks.

In general the Made Ground was found to comprise granular and cohesive materials. The Made
Ground of granular consistency was described as light brown / dark grey clayey Sand with some
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angular to sub-angular gravel sized fragments of brick, concrete and flint or as Fill of concrete, ash
and sand. The cohesive portion of the Made Ground was described as soft to firm light brown
sandy Clay with some angular to sub-rounded gravel sized fragments of brick, concrete and flint.
The maximum recorded depth of this material was 5m below existing ground level.

The Alluvium was typically described as soft to firm dark grey Clay with occasional small pockets of
peat and soft dark brown clayey Peat. The Alluvium deposits were recorded to underlay the Made
Ground and extend typically between 4.2m and 6.5m below existing ground level with a thickness
variation between 1m and 5m.

The River Terrace Deposits were found to underlay the Alluvium and were typically described as
medium dense to dense light brown sub-angular to rounded sandy Gravel. This material was
recorded to extend typically between 10.7m and 11.7m below existing ground level with a
thickness variation between 5.1m and 7.4m.

London Clay was found to underlay the layer of River Terrace Deposits and was typically
described as grey to blue very stiff fissured silty Clay. The thickness of this material was proven to
vary between 3.3m and 13m, with the base varying between 14m and 25m below existing ground
level.

All soils encountered beneath the London Clay layer were not examined further as they were
beyond the influence depth of the proposed earthworks.

The exploratory holes recorded the groundwater level to very between 1.5mbegl (0.5m AoD) and
4.5mbegl (-1.4m AoD). It should be noted that hydraulic continuity occurs between River Thames
and the site through the River Terrace Deposits and therefore the groundwater level is expected to
be influenced by the river level fluctuations.

1.3. Design Assumptions

The following assumptions were considered to allow the earthworks conceptual design:

e Design undertaken based on Eurocode 7

e All proposed earthwork slopes are to be constructed with a slope gradient of 1V:3H;

e Embankment fill to comprise general Class 1/2 fill material;

e For embankments a uniformly distributed loading of 20kPa was applied across the
carriageway to simulate traffic loading and a uniformly distributed loading of 10kPa was
applied across the proposed verge to simulate future maintenance loading. In the case
of cuttings a uniformly distributed loading of 10kPa was applied across the crest to
simulate future maintenance loading;

e It was assumed that a 1.5m deep toe drain will be provided along the proposed cut
slopes.
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Analysis Outcomes

As mentioned in section 1.2 the ground models were based on the available BGS historical
exploratory holes and therefore the testing available for the in-situ materials was limited to
Standard Penetration Test (SPT) results. General Atterberg Limit and Particle Size Distribution test
result ranges were provided within the Mott Macdonald Geotechnical Desk Study Report for the
New Thames River Crossings, which summarised the information from exploratory holes
undertaken approximately 500m north of the site under consideration.

The stability and settlement analysis undertaken indicated the following:

EWK/S1 — The available historical exploratory holes within the extents of this slope
indicated that the slope will most likely be formed within granular deposits and the
analysis showed that a satisfactory design factor against slope instability will be
achieved for a 1V:3H, 10m deep cutting slope. Due to the presence of highly
permeable River Terrace Deposits at the lower slope part and high ground water level
it is likely that slope drains will be required to ensure stability.

One of the exploratory holes located approximately 15m south of the southern slope
end (earthwork shallower end) indicated the presence of very soft to soft Made Ground
and Alluvium. An additional analysis undertaken for the southern slope end (up to 5m
deep) indicated that it will not be possible to form 1V:3H slopes within the upper very
soft deposits.

EWK/S2 — The analysis indicated that it will not be possible to form a 1V:3H slope
profile within the upper part of the slope where Alluvium and Peat deposits are
expected. The Peat layer was recorded to be up to 1.7m thick. It will be necessary to
form a slacker slope profile within the Alluvium and Peat deposits or over-excavate and
place high frictional material against these low frictional deposits. Due to the presence
of highly permeable River Terrace Deposits at the lower slope part and high ground
water level it is likely that slope drains will be required to ensure stability.

EWK/S3 — The analysis indicated that there are no stability issues for the proposed
embankment with a slope gradient of 1V:3H when using Class1 or Class 2 fill with a
minimum &’ = 26 degrees. The total settlement for this earthwork is anticipated to be
less than 100mm. The available exploratory hole did not indicate the presence of any
soft deposits within the earthwork footprint and therefore no improvement works are
likely to be required.

EWK/S4 — The analysis indicated that it may not be possible to form a 1V:3H slope
profile within the upper part of the slope where very soft to soft organic Alluvium is
expected. It will be necessary to form slacker slope profile within the softened Alluvium
deposits or over-excavate and place high frictional material against these low frictional
deposits. Due to the presence of highly permeable River Terrace Deposits at the lower
slope part and high ground water level it is likely that slope drains will be required to
ensure stability.

EWK/S5 — The analysis indicated that there are no stability issues for the proposed
embankment slope with a slope gradient of 1V:3H and using Class1 or Class 2 with a
minimum &’ = 26 degrees. The total settlement for this earthwork is anticipated to be
less than 100mm. The available exploratory hole did not indicate the presence of any
soft deposits at shallow depth beneath the earthwork footprint and therefore no
improvement works are likely to be required.

Geotechnical Conceptual Design Report v1 Plan Design Enable



This document forms part of the Silvertown Tunnel: Highway Infrastructure Conceptual Design Recommendations (April 2013) Report.

ATKINS

1.5. Design / Construction Issues

As part of options South 4 with and without bus link, deep cuttings are proposed to allow
continuation between the tunnel south portal and highway network. Following the review of the
available exploratory holes it was concluded that high ground water level exists at the site that is
hydraulically connected to River Thames through the River Terrace Deposits.

The stability analysis undertaken highlighted that slope drains will be required to ensure stability
against continual seepage.

The presence of continual seepage also raises issues relating to permanent pumping
requirements, dealing with potentially contaminated ground water that also leads to health and
safety issues of the maintenance personnel.

Due to the above mentioned issues it was decided to propose the construction of water tight
retaining walls instead of conventional cutting slopes. The proposal of this alternative option has
the following advantages:

e Retention of greater area of land for use for development or tunnel infrastructure
purposes;

¢ Reduction of material volume to be excavated and disposed of site. It should be noted
that there is a strong possibility of significantly contaminated soils to be present on site
which will result in expensive disposal costs. The reduction of material volume to
disposed of will also result in less environmental impact in terms of lorry movements;

e Some remediation has been carried out in the area but details have not yet been
obtained. These may have included cut off walls within the ground which could be
compromised by the cutting slope construction;

e Minimise volume of potentially contaminated groundwater that must be dealt with
(potentially pumped) at the tunnel portal. The presence of high ground water level and
high permeability soils will result in continual seepage within the slope faces that can
lead to instability. To prevent instability, slope drains will be required and groundwater
will drain into the road drainage and mix with surface water drainage resulting in further
increased water volume to be dealt with. The use of retaining walls will have the
advantage of acting as a cut off for groundwater when the wall penetrates London Clay
(which underlies the Made Ground and River Terrace Deposits). This will act to
minimise the seepage into the road-box construction;

e Temporary works involving dewatering are likely to be reduced.

The construction of a retaining wall option will have the following disadvantages:

e High initial construction costs. In order to reap the benefits of the retaining wall it is
likely that it will need to be designed to withstand water pressures and to exclude water
which also adds to the cost of the wall option;

e Require structural inspections;
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e Construction programme could be longer (however the plant for retaining wall
construction would be on site for construction of other parts of the project).

Overall the advantages of using retaining walls appear to significantly outweigh those of
earthworks cutting slopes. In addition it gives more surety on cost and design with the information
available at this stage in the project.

Therefore, the additional southern site option (option South 4A) that aimed for a straighter road
alignment on the western side of the A102, will also involve the provision of retaining walls.

2. South 4A Earthworks

As discussed in section 1.5, it is preferable to construct water tight retaining walls instead of
conventional earthwork cutting slopes to eliminate the issues associated to high ground water
levels and highly permeable deposits.

Figure 3 below shows the proposed earthworks involved as part of option South 4A. EWK/S1A is
as per EWK/S3 of option South 4 and earthwork EWK/S2A is as per earthwork EWK/S5 of option
South 4. The stability and settlement analysis undertaken for these earthworks indicated that there
are no slope stability issues for the proposed embankment slopes to be formed with a slope
gradient of 1V:3H and using Class1 or Class 2 (with a minimum ®’ = 26 degrees). The total
settlement for these earthworks is anticipated to be less than 100mm.

o E

Figure 3 — Earthworks at South 4A

3. South 4A Structures

Option South 4A involves the construction of retaining walls instead of conventional earthwork cut
slopes and therefore three additional retaining walls are proposed in comparison to Option 4 with
and without bus link.

The available relevant exploratory holes recorded the presence of Made Ground that was
described as sandy Clay and clayey Sand. The thickness of this material was found to vary
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between 2.5m and 5m. The Made Ground was found to overly up to 2m thick layer of Alluvium that
was described as soft organic Clay / soft Peat. The Alluvium overlies 6m of River Terrace Deposits
that are described as medium dense to dense slightly sandy to very sandy Gravel. The exploratory
holes recorded London Clay to underlie the River Terrace Deposits. The London Clay layer was
described as very stiff fissured silty and sandy Clay and was found to extend up to 10m below the
River Terrace Deposits. The maximum recorded groundwater level was Om AoD, which coincides
approximately with the base of the Made Ground material.

3.1. Bridge Foundations

The bridge foundations are proposed to comprise water tight structures as with the retaining walls
to avoid any water seepages and therefore to be incorporated within the overall curtain cut off wall.
The curtain cut off wall is discussed in more detail under section 6 of this report.

The conceptual design was undertaken based on preliminary loadings derived for an integral
bridge deck construction and ground conditions summarised above. The analysis undertaken
indicated the following:

e South abutment: secant piles 1m diameter installed by Continuous Flight Augur (CFA)
in a row of 10m width up to capping beam elevation integral with bridge. The total
length of the piles provisionally 18m (12m embedment length and 6m retained height).

e North abutment: secant piles 1m diameter installed by CFA in a row 10m width (12m
embedded length with an additional 2.5m to the pile cap above design groundwater
elevation. Total length of proposed piles provisionally 14.5m. Sleeved piles are
proposed supporting the integral bridge deck to be constructed above the secant pile
cap inside a Reinforced Earth wall.

It is proposed that rectangular steel reinforcement cages are adopted to eliminate risk of the auger
blade damaging the installed cages during construction of adjacent piles.

3.2. Retaining Walls

The retaining walls proposed at the southern tunnel portal are to be designed by the tunnel
Designer (Mott Macdonald). To ensure that the risk of significant groundwater seepage is
eliminated at the tunnel portal area it is proposed that the toe of these retaining walls extend into
the London Clay that underlies the River Terrace Deposits and that a wall/barrier is provided
underneath the portal to ensure continuation of the overall curtain cut off wall.

The analysis undertaken for the retaining walls indicated the following:

o South approach to the south bridge - CFA secant pile or diaphragm walls with the final
method to be decided on practicality, price and risks associated with each option.
These walls are proposed as continuous with the bridge foundations as part of a
curtain groundwater cut-off to the portal. The retained height is considered to be
around a maximum of 6.8m. Width/diameter of piles/walls 1m and maximum depth of
16m next to the bridge abutments. The length reduces to 1m penetration into London
Clay or around 12m length as the retained height reduces but also ensuring that the
requirement to form part of the cut-off continues. Where the carriageway rises above
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design maximum groundwater elevation (around Om AOD to 1.0m AOD) the retained
height governs the pile/wall length which may be up to 5m.

North approach to south bridge - A Reinforced Earth (RE) wall is proposed underneath
the bridge and along the east side above the bus lane. Due to the presence of soft
Alluvium at depth beneath the footprint of the reinforced earth wall, improvements
works in the form of stone columns may be required to eliminate differential
settlements. On the west side an embankment slope is proposed. Facing style
(blocks/panels) and type of reinforcement (geo-grid/ steel reinforcement to be
determined based on Client/Supplier requirements. The reinforcement length is
expected to be 4m to 6m with an approximate vertical spacing of 400mm.

North 5A & 5B Earthworks

Earthworks

Figure 3 below shows the earthworks considered in the conceptual design for option North 5A. The
maximum cutting depths and embankment heights are as follows:

Maximum embankment heights: EWK/N1 = 1.5m, EWK/N4 = 0.8m and EWK/N6 =
0.7m;

Maximum cutting depths: EWK/N2 = 3.0m, EWK/N3 = 1.5m, EWK/N5 = 1.0m and
EWK/N7=9.2m.
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Figure 4 — Earthworks at North 5A

Figure 4 below shows the additional earthwork considered in the conceptual design for option

North 5B. The maximum cutting depth of EWK/N8 is 5.5m.
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Figure 5 — Earthworks at North 5B

4.2, Ground Conditions

During the conceptual design stage the exploratory holes available directly within the extents of the
proposed earthworks, were the BGS historical exploratory holes. These exploratory holes were
reviewed to allow the determination of the ground model along each earthwork.

The relevant BGS historical exploratory holes recorded the presence of Made Ground, Alluvium,
River Terrace Deposits and London Clay within the extents of the proposed earthworks.

The Made Ground was mainly found to comprise cohesive material that was described as soft to
firm brown and grey silty sandy Clay with some angular to sub-rounded gravel sized fragments of
brick, chalk, concrete and flint. The maximum recorded depth of this material was 5.1m below
existing ground level. Some of the exploratory holes recorded this material as Fill of ash, brick and
gravel.

The Alluvium was typically described as soft to firm grey brown silty Clay with occasional organic
debris. The Alluvium deposits were recorded to underlay the Made Ground and extend typically
between 3.8m and 6.5m below existing ground level with a thickness variation between 1.4m and
3.5m.

The River Terrace Deposits were found to underlay the Alluvium and were typically described as
loose to dense brown and grey sub-angular to rounded sandy Gravel. This material was recorded
to extend typically between 7m and 9.8m below existing ground level with a thickness variation
between 2.3m and 4.3m.

London Clay was found to underlay the layer of River Terrace Deposits and was typically
described as grey brown stiff to very stiff fissured silty Clay. The thickness of this material was
proven to vary between 13.5m and 18.5m with the base varying between 21.5m and 27.7m below
existing ground level.

All soils encountered beneath the London Clay were not examined further as they were beyond the
influence depth of the proposed earthworks.
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The exploratory holes recorded the groundwater level to vary between 1.8m and 4.8m below
existing ground level (-1.3m AoD to -0.35m AoD). It should be noted that hydraulic continuity
occurs between River Thames and the site through the River Terrace Deposits and therefore the
groundwater level is expected to be influenced by the river level fluctuations.

4.3. Design Assumptions

The following assumptions were considered to allow the earthworks conceptual design:
e Design undertaken based on Eurocode 7
e All proposed earthwork slopes are to be constructed with a slope gradient of 1V:3H;
e Embankment fill to comprise general Class 1/2 fill material,

e For embankments a uniformly distributed loading of 20kPa was applied across the
carriageway to simulate traffic loading and a uniformly distributed loading of 10kPa was
applied across the proposed verge to simulate future maintenance loading. In case of
the cuttings a uniformly distributed loading of 10kPa was applied across the crest to
simulate future maintenance loading;

e It was assumed that a 1.5m deep toe drain will be provided along the proposed cut
slopes.

4.4. Analysis Outcomes

As mentioned in section 4.2 the ground models were based on the available BGS historical
exploratory holes and therefore the testing available for the in-situ materials was limited to SPT
results. General Atterberg Limit and Particle Size Distribution test result ranges were provided
within the Mott Macdonald Geotechnical Desk Study Report for the New Thames River Crossings,
which summarised the information from exploratory holes undertaken approximately 50m south of
the southern boundary of the site under consideration (300m south-east from the site centre).

The stability and settlement analysis undertaken indicated the following:

e EWK/N1, EWK/N4 and EWK/N6 — the analysis indicated that there are no stability
issues for the proposed embankments with a slope gradient of 1V:3H and using
Class1 or Class 2 with a minimum &’ = 26 degrees. The total settlements for these
earthworks are anticipated to be less than 100mm. The available exploratory holes
did not indicate the presence of soft deposits at shallow depth beneath the earthwork
footprint and therefore no improvement works will be required.

o EWK/N2 — the analysis indicated that in general the slope will be possible to be
constructed with the proposed slope gradient of 1V:3H, however treatment will be
locally required where very soft Alluvium is encountered within the slope face. The
treatment may be in the form of over-excavating and placing high frictional material
against these low frictional deposits.

e EWK/N3 and EWK/N5 — the analysis indicated that there are no stability issues for
the proposed cut slopes.
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o EWK//7 and EWK/8 — The analysis indicated that it will be possible to form the
cutting slopes with a gradient of 1V:3H provided that relatively low Pl (<40%)
cohesive materials are encountered. Due to the presence of highly permeable River
Terrace Deposits at the lower part of the slope and high ground water level it is likely
that slope drains will be required to ensure stability.

4.5. Design / Construction Issues

As part of options North 5A and 5B, deep cuttings are proposed to allow continuation between the
tunnel northern portal and highway network. Following the review of the available exploratory holes
it was concluded that high ground water level exists at the site that is hydraulically connected to the
River Thames through the River Terrace Deposits and the same design /construction issues apply
as for South 4 with and without bus link options, which are discussed in detail under section 1.5.

Therefore, it is preferred to construct water tight retaining walls at the area of the tunnel portal
instead of conventional earthworks so as to minimise contamination risks, excavation volumes,
pumping requirements and instability risks due to continual seepage. These revised proposed
works will form option North 5C.

5. North 5C Earthworks

As discussed in section 5.5, it is preferable to construct water tight retaining walls instead of
conventional earthwork cutting slopes to eliminate the issues associated with high ground water
levels and highly permeable deposits.

Figure 6 below shows the proposed earthworks involved as part of option North 5C. The majority of
earthworks along the proposed Dock Road remain similar as per the earthworks proposed for
North 5A and 5B with the exception of earthworks EWK/N3C (2m deep cutting) and EWK/N4C
(3.5m high embankment).

L— AT A @07 7 A N\~~~ /[ = T
S SRS \ T — ——1_ / | ||
@Tﬁ;i’ /A — e e B e — e~

: SILVERT wﬁwm- U i o - e - N

e ) i |

RWIN1C

7 i \ A Nt S 4

Figure 6 — Earthworks at North 5C
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The analysis outcomes summarised for EWK/N1, EWK/N2, EWK/NS and EWK/N6 under section
5.4 are still applicable. Further analysis undertaken for EWK/N3C and EWK/N4C indicated that
there are no stability issues for the currently proposed 1V:3H slopes.

5.1. Retaining Walls

The retaining walls proposed at the northern tunnel portal are to be designed by the Tunnel
Designer (Mott Macdonald). To ensure that there will be no significant issues with water seepage
at the tunnel portal area it is proposed that the toe of these retaining walls extend into the London
Clay that underlies the River Terrace Deposits and that a wall/barrier is provided underneath the
portal to ensure continuation of the overall curtain cut off wall.

A retaining wall (RW/N1C in Figure 6) is proposed west of the Docklands Light Railway bridge with
a maximum retained height of 3m. The relevant historical exploratory hole indicated Made Ground
(ash, brick and gravel) down to 1.1mbgl, overlying Alluvium (soft silty Clay) up to 3.1m in thickness.
The Alluvium was found to overly 4.1m of River Terrace Deposits (medium dense to dense slightly
sandy Gravel), which overlies stiff fissured Clay material (London Clay). The groundwater level is
indicated to exist 1.8mbgl (-0.1m AoD).

The retaining wall is expected to be founded within the soft Alluvium material and the following
retaining wall options were considered:

¢ Reinforced concrete wall or modular retaining wall system constructed on short piled
(up to 2.5m long) foundation to transfer loads to the River Terrace Deposits. However it
may be possible to achieve sufficient stability and minimise differential settlement
issues by over excavating soft deposits and replace with high friction material.

e Over excavation and construction of geo-grid reinforced earth slope with a maximum
slope angle of 70 degrees. As with the retaining wall option over-excavation of soft
material and replacement with high frictional material may be required to ensure
stability.

Provided that sufficient land take is available the most cost effective option will involve the

construction of the steepened geo-grid reinforced earth slope that will utilise up to 4m long geo-grid
reinforcement at 0.5m vertical spacing.

0. Curtain Cut Off Wall

There are a number of significant risks identified at the site including, but not limited to the
following:

1. high groundwater level hydraulically connected to the River Thames which would cause
continuous groundwater seepage into the works and tunnel area;

2. presence of higher permeability materials leading to slope instability;

3. presence of potentially contaminated groundwater and associated processing and health
and safety risks and cost of processing groundwater;
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4. heave of London Clay caused by unloading around 8m of overburden at the portal entrance
but also lesser unloading outwards along the proposed roads;

5. water ingress through movement/expansion joints;
6. up-thrust from groundwater displaced by concrete slabs connected to retaining walls.
To mitigate the significant risks noted above the options considered are as follows:

e water tight secant, diaphragm or part slurry barriers creating an overall curtain cut off wall.
The curtain wall would be extended upwards to be the foundations for secant pile retaining
walls and/or diaphragm walls. Underneath road carriageways the slurry walls may be
considered to eliminate hard areas under the pavement.

e sealed concrete slab road pavement connected to secant pile/diaphragm walls resisting
clay heave, as required, around the portal extending outwards as far as heave is found to
be significant.

These risk mitigations are concluded to be preferable to the conventional earthworks resulting in
the development of options South 4A and North 5C. The general position of the curtain wall/barrier
option connected to the retaining walls/bridge pile foundations is indicated in Figure 7 below. The
extent of this wall shall ensure that the top is above the maximum expected groundwater elevation
and the toe of the wall will extend 1m minimum into the London Clay. The position of the
reinforced concrete slab road pavement would be within the curtain wall shown on Figure 7. The
construction of the concrete slabs is required to ensure that the heave is controlled as well as
eliminate water seepages.

\
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Figure 7 — Approximate outline of curtain cut off wall

7. Additional Ground Investigation

During the conceptual design stage (for both the South and North sites) the information relating to
soils and groundwater was mainly based on the available BGS historical exploratory holes.
However, the information available was limited and mainly comprised soil descriptions and in-situ
SPT results. Therefore, an additional Ground Investigation is proposed to obtain information to
allow the derivation of design parameters to be used during the preliminary/detailed design stages.
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The additional Ground Investigation in expected to comprise hand dug/machine excavated trial
pits, window samples and cable percussive boreholes with or without rotary follow on. Hand dug
trial pits will be required at the location of the window sample and cable percussive boreholes to
ensure that no services are present and machine excavated trial pits will be required where minor
earthworks or at grade construction is proposed.

Window sample boreholes will be required at the areas where the determination of the Alluvium
base depth is required. Cable percussive boreholes will be undertaken within the areas where it is
necessary to determine the depth to the top of the London Clay such as where the curtain cut off
wall is required. Cable percussive boreholes with rotary follow on will be required where the holes
need to penetrate through the London Clay material such as at the location of the proposed
bridges and retaining wall sections close to the south and north portal, where long piles are
proposed.

At this stage it is anticipated that the following nos. of exploratory holes will be required:

e 28 No. Hand dug trial pits to 1.2mbgl|

8 No. Machine excavated trial pits to 3.5mbgl

15 No. Window sample boreholes to 6.5mbgl

4 No Cable Percussive boreholes to 12mbgl|

9 No Cable percussive boreholes with rotary follow on to 25mbgl|

Bulk, small disturbed and thin walled U100 samples will be obtained during the proposed Ground
Investigation. In-situ testing will mainly comprise Standard Penetration Tests (SPTs) and Hand
Shear Vane (HSV) tests.

The following laboratory testing is expected to be undertaken as part of the additional Ground
Investigation:

e Moisture Contents

e Atterberg Limits

e Particle Size Distribution (Wet Sieve Method)
e Particle Size Distribution (Pipette Method)
e Quick Undrained Triaxial (single stage)

e Consolidation

e pH and Soluble Sulphate (BRE)

¢ Organic content

e  Soil Contamination Testing Suite

o Soil Leachate Contamination Testing Suite
o Soil Leachate Contamination Testing Suite
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8. Further Reporting

Further to undertaking the additional Ground Investigation the following will be required to allow the
development of the proposed works to detailed design stage:

e Preliminary Sources Study Report;
o  Brief Ecology Search;
e Archaeology Desk Study;

e UXO Desk Study.
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