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DESCRIPTION OF THE PROJECT

Overview

This background technical paper accompanies the Site Selection Methodology Paper:
Consultation Draft. Its aim is to provide information about the background of the Thames
Tunnel project (the Project) and the engineering requirements bearing upon the site
selection process.

Presently, when the capacity of London’s Victorian sewers is exceeded during periods of
rainfall, the excess storm water overflows into the tidal River Thames through combined
sewer overflows (CSOs). These CSO discharges stress aquatic wildlife by decreasing
oxygen in the water, result in unsightly ‘litter’ on and around the river environment and
increase levels of bacteria and viruses posing health risks to wildlife and people. The
Thames Tunnel project will control, store and divert CSO discharges for treatment at
Beckton Sewage Treatment Works (STW) and hence bring long-term benefits for the
environment and people using the River Thames. The Project will benefit London as a
whole, and those living and working in London, by providing a cleaner River Thames.

The Thames Tunnel Project
The main features of the Thames Tunnel project as proposed:

the interception of up to 34 combined sewer overflows (CSOs) within the tidal River
Thames;

the capacity to store the intercepted storm water flows in a main tunnel; and
the ability drain down the tunnel.

The 34 CSOs proposed to be intercepted are listed in Table 1.1 and are illustrated in Figure
1.1.

Table 1.1: List of CSOs to be intercepted

ﬁ;o CSO Local Authority
C1l | Acton Hounslow (close to H&F boundary)
C2 | Stamford Brook Hammersmith and Fulham
C3 | North West Storm Relief Hammersmith and Fulham
C4 | Hammersmith Pumping Station Hammersmith and Fulham
C5 | West Putney Wandsworth boundaryy -+
C6 | Putney Bridge Wandsworth
c7 a: Frogmore - Bell Lane Wandsworth
b: Frogmore - King George Park Wandsworth
C8 | Jews Row Wandsworth
C9 | Falcon Brook Pumping Station Wandsworth
C10 | Lots Road Pumping Station Kensington & Chelsea
C11 | Church Street Kensington & Chelsea
C12 | Queen Street Kensington & Chelsea
C13 | Smith Street Kensington & Chelsea
C14 | Ranelagh Kensington & Chelsea
C15 | Western Pumping Station Westminster (close to K&C boundary)
C16 | Heathwall Pumping Station Wandsworth
C17 | South West Storm Relief Wandsworth
C18 | Kings Scholar Pond Westminster
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1 Description of the project

(05]0)

CSO Local Authority
ref
C19 | Clapham Lambeth
C20 | Brixton Lambeth
C21 | Grosvenor Ditch Westminster
C22 | Regent Street Westminster
C23 | Northumberland Street Westminster
C24 | Savoy Street Westminster
C25 | Norfolk Street Westminster
C26 | Essex Street Westminster (close to City of London
boundary)
C27 | Fleet Main City of London
C28 | Shad Thames Pumping Station Southwark
C29 | North East Storm Relief Tower Hamlets
C30 | Holloway Storm Tower Hamlets
C31 | Earl Street Pumping Station Southwark
C32 | Deptford Greenwich (close to Lewisham boundary)
C33 | Greenwich Pumping Station Greenwich (close to Lewisham boundary)
C34 | Charlton Greenwich
Figure 1.1 CSOs
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1.2.3 There are three main types of CSO to be intercepted:

Direct discharge storm relief sewers — these are large diameter pipes (up to 3.6m
internal diameter) that are normally empty and only come into operation when other
sewers become full (surcharge) during storms and overflow into them. These CSOs
connect direct to an outfall arrangement at the river. There are 14 CSOs of this
type: Acton, Stamford Brook, North West Storm Relief, West Putney, Frogmore,
Jews Row, South West Storm Relief, Kings Scholar Pond, Clapham, Brixton, North
East Storm Relief, Holloway, Deptford and Charlton.

Pumped discharge storm relief sewers — as above, but a pumping station is used to
lift flows to the river outfall. There are 8 CSOs of this type: Hammersmith, Falcon
Brook, Lots Road, Western, Heathwall, Shad Thames, Earl and Greenwich.

Sewer Overflows — these are sewers that form part of the sewer network taking
sewage to one of the sewage treatment works (Beckton or Crossness). When
these are full with storm water, overflow from the sewer into the river is achieved
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124

125

1.2.6

127

via a weir set above the sewer pipe soffit level which discharges to the river through
an outfall. There are 12 CSOs of this type: Putney Bridge, Church Street, Queen
Street, Smith Street, Ranelagh, Grosvenor Ditch, Regent Street, Northumberland
Street, Savoy Street, Norfolk Street, Essex Street and Fleet Main.

The storm water flows will be intercepted by building structures to divert the flows from
existing sewers through smaller tunnels that feed into a larger main tunnel for storage and
transfer to Beckton STW for treatment. The Project will, therefore, comprise:

the main tunnel (which has associated with it main shaft sites and intermediate
shaft sites); and

CSO interception works at each of the above sites.

The storage volume will be provided by the tunnel system along the tidal River Thames
from west London to Beckton STW in east London.

The system will be drained down at the Beckton STW end using pumps to lift the flows into
the sewage treatment works.

The Thames Tunnel project will extend across 13 London Boroughs, the City of London and
the London Thames Gateway Development Corporation.
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NEED FOR THE PROJECT

The London Sewer System

London’s sewerage system dates from the 19th century and is designed on the “combined”
principle; whereby a single set of sewers convey both foul sewage and rainwater run-off to
sewage treatment works (STW) for treatment, prior to discharge to the river. This differs
from the more modern separated drainage systems typically installed in new housing
developments where there are two sets of sewers, one to convey foul sewage only to STW
and the other to collect rainwater for direct discharge to a watercourse. It was historic
normal practice for combined sewerage systems to incorporate overflows to watercourses
in the system. This allows excess flows to discharge directly to a river to reduce the
potential for upstream flood risk to properties. This is the case with the London sewerage
system which, to alleviate overspill of sewers and the associated flooding this would cause,
has of necessity been extended over the years and incorporates CSOs to the tidal River
Thames between Teddington and Purfleet.

Discharges from the CSOs contain a mixture of sewage and rainwater run-off and may be
very polluting in nature. Under conditions of heavy rainfall, which has a “flushing” effect in
the sewers, the discharges can also contain large quantities of re-suspended sediment,

litter and grease washed from the sewers, which can be deposited on the river foreshore.

On average, discharges from the catchment occur as often as 60 times per year and are
frequently caused by moderate rainfall.

Impact on the River Thames

The impact of the intermittent CSO discharges during wet weather is dependent on river
conditions, but it can adversely affect the water quality of the tidal River Thames in three
main ways:

By introducing sewage derived solid material into the river that can give rise to
offensive conditions both in the river and on the foreshore.

By producing a fall in dissolved oxygen concentrations that can drop sufficiently low
to result in fish mortality.

By introducing pathogenic organisms into the river, which increases the health risk
to both river users and to wildlife.

The Thames river basin does not generate large natural river flows and these are further
reduced by abstractions, from the Thames upstream of Teddington, in the lower reaches of
freshwater tributaries that are used as a potable water supply for London. The tidal River
Thames does not therefore receive large flows of freshwater from upstream to provide
dilution and protection from pollution. As a consequence, there is a very slow seaward
movement of flow in the River Thames causing water to take up to three months to travel
through the estuary from Teddington to Southend.

The slow seaward movement of freshwater makes the upper and middle reaches of the
tidal River Thames particularly vulnerable to pollution. The tidal effect will move water up to
15km up and down the River Thames on each flood and ebb tide, but in aggregate as little
as half a kilometre per day towards the sea. During larger rainfall events, this can create
long slicks of polluted water and also allows solid material (known as sewage derived litter)
to be washed onto the foreshore during the ebb tide.

Current mitigation measures

Currently the mechanisms in place to reduce the impacts of unacceptable intermittent CSO
discharge events involve an agreement between Thames Water and the Environment
Agency to deploy two oxygenation barges together with hydrogen peroxide dosing from a
land based plant.
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In order to reduce the visual / amenity impact of the sewage derived litter, Thames Water
has commissioned two skimmer boats to collect surface litter from the tidal River Thames.

The current programme of mitigation can only be considered a short-term "end-of-pipe"
solution. It does not reduce the quantity of untreated sewage entering the tidal River
Thames.

Drivers for a new solution

One of the primary drivers for the implementation of improvements to the quality of the tidal
River Thames, both through addressing CSO discharges and water quality from effluent
discharged from STWs themselves, is the Urban Waste Water Treatment Directive
(UWWTD) and associated UK legislation Urban Waste Water Treatment (England and
Wales) Regulations (1994). The UWWTD has the overall aim of protecting “the
environment from the adverse effects of urban waste water,” and contains the following
requirements which are directly relevant:

“Urban waste water entering collecting systems shall before discharge be subject to
secondary treatment or an equivalent treatment.” (Article 4).

“Given that it is not possible in practice to construct collecting systems and
treatment plants in a way such that all waste water can be treated during situations
such as unusually heavy rainfall, Member States shall decide on measures to limit
pollution from storm water overflows.” (Footnote).

“Urban waste water treatment plants are designed, constructed, operated and
maintained to ensure sufficient performance under all normal local climatic
conditions.” (Article 10).

“The design, construction and maintenance of collecting systems shall be
undertaken in accordance with the best technical knowledge not entailing excessive
costs, notably regarding volume and characteristics of urban waste water;
prevention of leaks; and limitation of pollution of receiving waters due to storm
water overflows”. (Annex 1 A).

The other primary driver is the Water Framework Directive which requires surface waters to
achieve and maintain “good status”.

The uncertainties presented by climate change are also an important consideration, as the
frequency and intensity of CSO events could change as a result of changing weather
patterns. Warmer, wetter winters, drier summers and more frequent extreme weather
events could adversely change the character and / or frequency of impacts of CSOs on the
River Thames.

A further long-term consideration is the growth of the population of London. This growth will
generate additional sewage within each STW catchment. This sewage will also need to be
treated to the required standards. Greater volumes of sewage will need to be conveyed by
the sewerage system.

This would mean that spill events would, without the Project, become more frequent even
without climate change and more frequent still with climate change.

European Commission Infraction Proceedings

The European Commission has taken infraction proceedings against the UK government
for failure to comply with the UWWTD as a result of CSO discharges into the River
Thames. On 10 April 2006 it handed down its reasoned opinion in response to a complaint
against the United Kingdom concerning its failure to comply with the UWWTD. The
Commission concluded that the untreated discharges from the CSOs along the tidal River
Thames at the existing frequency of 50 to 60 times per year were unacceptable and that the
United Kingdom Government was therefore failing to comply with the UWWTD on collecting
systems and treatment facilities.
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2.6 UK Government response

2.6.1 The Government has since conceded that further measures are needed to improve parts of
London’s sewerage network and to meet the requirements of the UWWTD.

2.6.2 On 27th July 2006, lan Pearson (Minister of State for Climate Change and the
Environment) instructed Thames Water to evaluate two principal tunnel options to tackle
London’s combined sewer overflows (CSOs). This work culminated in the report entitled
“Tackling London® Sewer Overflows - Thames Tideway Tunnel and Treatment - Option
Development: Objectives and Compliance Working Group Report: December 2006” *.

2.6.3 Defra prepared a Regulatory Impact Assessment” and subsequently on 22 March 2007 the
Minister, lan Pearson, announced the Government'’s decision to support the development
and implementation of a solution by 2020.

! Thames Water, Tackling London’s Sewer Overflows; Thames Tideway Tunnel and Treatment — Option
Development; Summary Report, Dec 2006 http://www.thameswater.co.uk/cps/rde/xbcr/SID-9214FD46-
A547CF3A/corpl/tideway-strategic-study-tackling-londons-sewer-overflows-summary-report-070102. pdf

2 Defra, Regulatory Impact Assessment — Sewage Collection and Treatment for London, March 2007
http://www.defra.gov.uk/environment/water/quality/sewage/overflows.htm
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STAGES OF THE PROJECT

Overview

The main development and implementation steps required for the Thames Tunnel project
to be delivered to meet the commissioning date of June 2020 agreed with Defra are all
linked together and include:

design comprising preliminary design, reference design and detailed design;

planning and consenting comprising site selection, environmental impact
assessment, planning application and planning approvals;

communication including stakeholder and community engagement;
land acquisition;

procurement;

enabling works;

construction;

commissioning; and

operation.

Design and site selection interface

The current design of the Thames Tunnel project is based on the interception of up to 34
CSOs, the storage and transfer of flows via an approximately 32km long, 7.2m internal
diameter tunnel constructed using 5 tunnel boring machines operating concurrently. Main
shafts are assumed to be up to 25m in internal diameter with depths ranging from 40m in
west London to 75m at Beckton STW in east London.

As the site selection process progresses, the design team will work in conjunction with the
site selection team to assess the feasibility of using potential sites whilst at the same time
refining design assumptions in the light of the potential availability and suitability of sites.

The engineering design can only be fully developed once the range and likely availability of
suitable sites is known.

Section 4 describes the design and construction considerations of the Project that are
assumed at this stage of the design process, Section 5 describes the operational
considerations relating to the Project and Section 6 describes the considerations for each
type of site needed to deliver the design, construction and operational needs.

Design activity is constantly progressing on the Thames Tunnel project. This work is likely
to highlight the opportunities to maximise the engineering and design efficiency of the
project.
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DESIGN AND CONSTRUCTION CONSIDERATIONS

Overview
The Thames Tunnel project comprises two main elements:

The main tunnel that provides the majority of the storage capacity and transfers the
storm water flows to Beckton STW for treatment.

The works to intercept the storm water flows at existing CSOs and transfer the
flows into the main tunnel.

It is anticipated that three types of sites will be required to construct and operate the
Project:

main shaft sites;
intermediate shaft sites; and

CSO sites.

Main tunnel

Horizontal alignment

The horizontal alignment of the main tunnel will generally follow the River Thames. This is
because:

It is an efficient route to connect the CSOs that are located on both the north and
south sides of the river.

It will maximise the potential to use the river for construction transport, including the
excavated material and concrete tunnel lining segments.

It will minimise the physical structures that it will pass beneath.
It will minimise the number of third parties affected by the tunnel.

The main tunnel route will be constructed beneath built-up urban land only to the extent
that:

Main and intermediate shafts are located inland (so the tunnel will be beneath
urban land for the stretch from the shaft back to the river).

It would be impracticable to follow the line of the river because there are overriding
engineering or environmental constraints along the river alignment or if it would be
most practicable to go across rather than around a peninsular.

Vertical alignment

The intercepted flows from the CSOs will flow under gravity to Beckton STW, necessitating
that the tunnel be shallower in the west and deeper in the east. The main tunnel will be
constructed on a shallow gradient and will be approximately 40m deep at its western end
and approximately 75m deep at its eastern end. This alignment means that it is expected
that:

Between the western end and the Heathwall pumping station (PS) area the tunnel
will be in clay.

Between the Heathwall PS area and Shad Thames CSO near Tower Bridge the
tunnel will be in mixed material of the Lambeth and Thanet Beds (i.e. gravels, sand
and silty clay).

Between Tower Bridge and Beckton STW the tunnel will be in chalk.
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424

4.2.5

4.2.6

4.2.7

4.2.8

4.2.9

4.2.10

4.2.11

4.2.12

These differences in geology will influence the selection of construction techniques as
explained in Section 4.3.

Size

At this stage, the tunnel is assumed to be 7.2m internal diameter and approximately 32km
long.

Secondary lining

It may be necessary to secondary line the tunnel and at this stage it is assumed that
secondary lining will be required, but this will be clarified by future design work.

With secondary lining an additional layer of concrete is added to the inside of the tunnel
against the face of the primary concrete segment lining. It is placed by erecting shutters
over a short length of tunnel and pumping concrete into the void. Once the concrete has
hardened enough the shutters are removed and erected in the next stretch of tunnel.

Construction method

The main tunnel will be constructed using tunnel boring machines (TBMs). The TBMs wiill
start from main shafts commonly known as either drive shafts or launch shafts and stop at
main shafts known as reception shafts.

The TBM consists of a rotating cutter face on the front of a steel cylinder (shell) containing
drive motors, gearboxes and control equipment. Behind the main TBM are a series of
towed trailers carrying backup equipment and materials handling facilities.

As the tunnel is excavated, the primary pre-cast concrete tunnel lining is installed within the
rear of the shell. The tunnel lining consists of a set of concrete segments that are fastened
radially together and also to the previously assembled lining to create a complete ring
around which grout can be injected behind to fill any voids around the tunnel. The TBM
moves forward using hydraulic rams thrusting off this newly assembled tunnel lining.

It is anticipated that two types of TBMs will be used: the earth pressure balance (EPB); and
the slurry TBM. Figure 4.1 indicates common features and differences between a slurry
TBM and an EPB TBM The decision as to which to use for a particular tunnel drive will
depend on the ground conditions predominantly to be encountered over that drive. The
tunnel will be constructed beneath the water table through varying ground conditions of
clay, gravels, sand, silty clay and chalk.

Figure 4.1 TBM diagram

| o " #

—

AN

In each case, excavated material or slurry will be passed back from the tunnel drive face in
the direction of the drive shaft either by conveyor or by a railway system and tunnel lining
materials will be passed forward from the drive shaft in the same manner.
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4.2.13 The type of boring machine to be used for a particular drive will have implications for the

drive shaft site which serves it. For example:

An EPB machine produces excavated material that is dryer than a slurry machine
and can be removed from the tunnel by either conveyor or construction train.
Therefore, the site set up must handle excavated material in the form that it is
removed from the face of the TBM.

With a slurry TBM the excavated material is sufficiently fluid to allow pumping to the
surface where the slurry is then treated to reduce moisture content before dispatch
to a final destination. Therefore the slurry TBM requires equipment to turn the
excavated material into a slurry form at the face of the TBM and the site set up
must include a processing plant to convert the slurry into a manageable material to
move off site.

4.2.14 The majority of site logistics for main drive shafts are associated with the delivery of the

4.3

43.1

43.2

4.3.3

434

4.3.5

tunnel lining segments and the removal of the excavated materials. The TBM requires a
large electrical power supply to be provided to the site. It is currently expected that this
supply will be provided from the local electrical high voltage supply network.

Main shafts

Need for main shafts

Main shafts will need to be excavated down to the level at which the tunnel is to be bored.
Main shaft sites used as drive shafts require more space than those used for reception
shafts, because:

Drive shafts are used to introduce the boring machine into the tunnel, to extract
excavated material from the tunnel and to supply tunnel segments and allow
access for the workforce.

Reception shafts are used to remove the boring machine from the tunnel.

The main shafts are anticipated to be up to 25m in internal diameter with depths ranging
from 40m in West London to 75m at Beckton STW in East London. This diameter is
considered to be the minimum size required to ensure that the connection between the
shaft and 7.2m internal diameter main tunnel is structurally sound and to safely
accommodate the required construction equipment such as the entry and exit of the TBMs.

It is envisaged that there will be six main shafts (one being at Beckton STW) on the main
tunnel allowing five TBMs for the main tunnel drives to operate concurrently. This
assessment has been based upon:

Programme for delivery of an operational Project by 2020.

Differing geological ground conditions expected (matching TBMs to ground
conditions increases productivity and minimises risk. It is likely that a slurry
machine will be more suited to chalk conditions and an EPB machine more suited
to clay conditions).

Length of drives and the risk of TBM breakdowns (the severity and frequency of
breakdowns increases with the length of the drive).

Health and safety reasons associated with emergency egress of the workforce.

The final decision on the number of TBMs and hence the number of shaft sites actually
needed will be based on a balance between type of TBM, available location of main shafts,
geology, programme, environment, amenity, health and safety, risk and cost
considerations.

Construction of CSO connection tunnels will, where possible, be constructed from main
shatft sites to reduce the space required at the CSO sites as the CSO drop shafts would
then act as smaller reception shafts instead of larger drive shafts.
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4.3.6

4.3.7

4.3.8

4.3.9

4.3.10

4311

4.3.12

4.3.13

4.4

44.1

Construction method
The main shafts are lined with concrete and may be constructed in different ways such as:

diaphragm wall (concrete walls are constructed in the ground before the ground in
the centre is excavated);

caisson (concrete walls are constructed at surface level and as excavation
progresses they sink by combination of self-weight, ballast placed on top, or by
hydraulic jacks); and

underpinning (concrete walls are constructed at the bottom of the shaft as
excavation progresses).

The construction method chosen for each shaft depends on ground conditions, shaft
diameter and space constraints. Diaphragm wall construction typically requires more space
than caisson or underpinning construction techniques.

Transport of materials

The main shaft sites will be used for construction of the main shaft and the main tunnel. For
this it will be necessary to transport excavated material away from the main shaft sites and
to deliver a wide variety of materials, particularly the concrete segments for the primary
lining of the tunnel. Other logistical activities will include workforce arrival/departure,
equipment deliveries/return, consumables delivery and waste removal.

Due to the large volume of materials to be transported in and out of main shaft sites barge
transport is the preferred option to minimise disruption to the surrounding communities. A
barge operation will only be practical:

if the material can easily be conveyed between the shaft and the river;
if a staging area can be located at the barge sites; and
if the barge operations would not conflict with other uses in the river.

It is currently assumed that the majority of materials delivered to and removed from the
sites are not transported by road except in exceptional circumstances, but are transported
by river or possibly rail. Given the location of the CSOs and the assumed alignment of the
main tunnel along the river, the main sites are currently anticipated to be near to the river
and hence marine transport is expected to be used extensively. Where materials are
delivered by river, wharves and/or jetties will need to be able to accommodate barge type
vessels, ideally within a wide tidal range.

To utilise marine transport, it will be necessary to have access to existing wharves or to
construct new temporary wharves and jetties. Detailed logistical studies will be needed to
develop this option.

The practicality of rail transportation will depend on the proximity of the main sites to
suitable rail sidings and the local network capacity for freight movements.

Some deliveries are still expected to be transported by road and any necessary highway
access routes will be identified as part of the Project development. Major
deliveries/removals will be subject to specific movement restrictions and conditions
imposed by the police and traffic authorities.

Intermediate shafts

Need for intermediate shafts

It is anticipated that intermediate shafts will be needed from which to gain access to the
main tunnel bore; this is for safety reasons and to undertake planned inspections of tunnel
boring machine faces midway through tunnel drives to allow repairs in safe conditions.
Intermediate shafts will also provide access to the tunnel for secondary lining, should
secondary lining be needed.
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447
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453

By undertaking secondary lining from intermediate shafts as well as main shafts, tunnel
drives will be completed earlier than if only main shaft sites were used. This would reduce
overall construction time and mean that associated main shaft sites would be required as
construction sites for a reduced length of time.

The intermediate shafts are assumed to be 20m to 25m internal diameter.

Until the main shaft sites have been located it is not possible to determine how many
intermediate shafts will be required, because that depends on where and how far apart the
main shafts are.

Construction method

Intermediate shaft construction method considerations are the same as those for main
shafts.

Transport of materials

Barge facilities may not be required at intermediate shafts as the volume of materials
handled at these sites will much lower than at main shaft sites. This is because neither
excavated material from the tunnel nor primary lining concrete segments will be handled at
intermediate shaft sites. However, the opportunity for barge facilities at intermediate shaft
sites will be considered within the site selection process as they may be appropriate for
transporting the materials associated with constructing the secondary lining.

Some deliveries are still expected to be transported by road and the highway access routes
will be developed as part of the Project development.

Combined Sewer Overflow interception

Need for CSO interception structures

The Thames Tunnel project as proposed will intercept up to 34 CSOs. There are three
objectives for the interception of storm water flows from the existing CSOs. These are to be
able to:

redirect flows from the combined sewer;
transfer flows into the main tunnel; and

continue to be able to use the existing outlets when the tunnel is full to direct
residual flow to the River Thames.

There are two basic arrangements for connections between the main tunnel and existing
combined sewers depending on whether:

one CSO is intercepted; or
two or more CSOs are intercepted as a group.
The component units for both arrangements are shown diagrammatically in Figure 4.2.
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45.4
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4.5.6

45.7

4.5.8

4.5.9

Figure 4.2 Schematic plan of CSO interception arrangements

Key

Existing combined sewer
Interception chamber

Connection culvert

Connection tunnel

Rider tunnel

I
@ Drop shaft
=
I
=

Main tunnel
Single CSO interception Double CSO interception

Both arrangements include:
an interception chamber; and
a connection culvert.

Where one CSO is to be intercepted the following structures are required downstream of
the connection culvert:

a deep drop shaft; and
a connection tunnel.

Where two or more CSOs are to be intercepted the following structures are required
downstream of the connection culvert:

a relatively shallow drop shaft at CSOs connecting to a rider tunnel;
a rider tunnel from one or more CSOs;

a single deep drop shaft connecting to a connection tunnel; and

a single connection tunnel for the group of CSOs.

Therefore, where more than one CSO is to be picked up, there is additionally a rider tunnel
constructed between CSO drop shafts.

If a CSO is located close to a main shaft or intermediate shaft then it may be possible to
connect the connection culvert directly into the main / intermediate shaft.

The relationship between the component units is shown diagrammatically in Figures 4.3
and described further below.
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4.5.10

4511

4.5.12

4.5.13

Figure 4.3 Isometric view of CSO interception arrangements

Inlet section

Existing combined sewer
overflow

Overflow section

Flap valve

Drop shaft

Penstock

Existing combined sewer
overflow

(

Interception chamber ‘ Seaivermutial

Connection culvert ‘

Flap valve

I:I Access for removal of valves and
penstocks at ground level

|:E Main access covers at ground level

. Initial flow into Thames Tunnel
Overflow to river when Thames Tunnel is full

Connection tunnel
or rider tunnel

To main tunnel

Interception Chamber (IC)

The interception chamber intercepts flows en route to the outfall to transfer them to the
main tunnel, whilst also allowing overflow back to the River Thames when the main tunnel
is full. The main tunnel will normally be empty and will only come into operation when the
existing combined sewers become full (surcharge) during storms and overflow into it via the
interception chambers. If the main tunnel fills completely then to prevent local flooding any
further flows from the combined sewers will need to overflow into the river. At present,
discharges into the river occur as often as 60 times per year and it is anticipated that this
will reduce to approximately three times a year once the Thames Tunnel project is
operational.

Provision will be made at interception chambers to intercept and transfer flows, to provide
safe working within all parts of the downstream system and to protect the system from
backflow from the River Thames. Safe working will be aided by introducing a penstock at
the outlet from the interception chamber to the connection culvert. This penstock will
normally be open but be capable of being closed (along with other penstocks elsewhere) to
prevent flows from entering the main tunnel and hence facilitate maintenance in the tunnel
system “downstream” of the penstock. Backflow protection from the River Thames will be
achieved via one-way flap valves incorporated into the interception chamber.

Connection culvert

The connection culvert takes the flows from the interception chamber into a drop shaft.

Drop shaft

The drop shaft transfers the flows from the relatively shallow interception chamber to a
greater depth for either:
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45.14

4.5.15

4.5.16

4.5.17
4.5.18

4.5.19

4.5.20
4521

4.5.22
4.5.23

direct connection to the main tunnel (or main / intermediate shaft) via a connection
tunnel ; or

indirect connection to the main tunnel via a rider tunnel.

Direct connection - it is not possible to connect interception chambers directly into the main
tunnel, because the main tunnel is between 40m and 75m deep and therefore the resultant
gradients would be too high and create problems in tunnel construction and unacceptable
hydraulic and pneumatic operational conditions. Therefore, deep drop shafts are introduced
to give an acceptable gradient for the connection tunnels and an operationally safe means
of hydraulic transfer of flows from the shallow surface facilities to depth.

Indirect connection - it is anticipated that rider tunnels will be at least 17m deep and drop
shafts will be necessary to drop the flows from the interception chamber level to the rider
tunnel level. Drop shafts for rider tunnels will be shallower than drop shafts associated with
connection tunnels.

It is envisaged that the drop shaft sizes will range from 1m to 15m internal diameter; the
size being dependent on the type of drop shaft, the rate of flow down the drop shaft and the
size of the associated connection / rider tunnels which vary from 1.5m diameter to 3.6m
diameter.

Connection tunnel
The connection tunnel takes flows from the drop shaft to the main tunnel.

In general it will be preferable for connection tunnels to join the main tunnel system at main
or intermediate shaft locations instead of directly into the tunnel. This is because access to
the connection point located in a shaft is much more straightforward than one located inside
a tunnel and the connection works will not interfere with the progress of the main tunnel
construction.

Rider tunnel

The rider tunnel takes flows from one CSO drop shaft to another CSO drop shaft in order to
combine flows from two or more CSOs before a single connection tunnel connects the last
drop shaft to the main tunnel. The depth of the rider tunnels will be determined according to
ground conditions and whether or not there is a need to avoid underground obstructions or
sensitive infrastructure. The circumstances in which a rider tunnel might be adopted
include:

Where two interception chambers are close together such that the length of the
rider tunnel plus one connection tunnel would be less than the length of two
connection tunnels.

Where it would be considered prudent to reduce the number of connections into the
main tunnel, for example because of difficult ground conditions, proximity to
sensitive infrastructure or underground obstructions.

Construction method
Interception chambers will be constructed via open excavations.

Connection culverts will either be constructed using cut and cover (open trench) or pipe-
jacking techniques.

Drop shafts will be constructed using one of the methods described above for main shafts.
The difference between connection tunnels and rider tunnels are that:

Connection tunnels will be constructed between CSO drop shafts and either the
main tunnel or main / intermediate shafts. Whereas, rider tunnels will be
constructed between CSO drop shafts.

Rider tunnels will not be as deep as connection tunnels.
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4.5.24 The larger connection tunnels / rider tunnels will be constructed using TBMs and concrete
segments which will be similar to, but smaller than, those used for the main tunnel.

4.5.25 The smaller connection tunnels / rider tunnels of less than 2.5m internal diameter will
usually be constructed using pipe jacking techniques.

4.5.26 The pipe-jacking technique consists of excavation being undertaken by a pipe-jacking TBM
in a similar manner and configuration to that used for the main tunnel. Pipe jacking is a
technique for installing tunnels in the ground using concrete rings (i.e. a single piece ring or
“pipe” rather than precast concrete segments that are assembled into a ring). The concrete
rings are lowered down the drop shaft at the start of the tunnel and the entire pipe string is
“jacked” (pushed) forward using steerable remote controlled hydraulic rams located at the
bottom of the shaft. A form of small TBM with a rotating cutter face excavates the ground
and excavated material is removed by auger or as a slurry.

Transport of materials

4.5.27 The CSO sites must be located at the existing CSOs which vary in size and situation. In
most cases the number and nature of the deliveries to and from the sites will be relatively
small compared to the main shaft sites. The site selection process will consider if existing
wharfs are available for use for the transportation of some materials at some of the sites. It
will need to be assessed if it there is a benefit in the construction of new wharfs for
appropriate CSO sites. Materials will probably be transported by road rather than river for
CSO interception works.
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51

511

5.1.2

513

514

5.2
521

5.3
53.1

5.3.2

54
54.1

OPERATIONAL CONSIDERATIONS

Storm water flow control

Interception and storage

The tunnel design will be such that, wherever practicable, interception of storm water flows
from the CSOs and the storage of these flows in the tunnel system will occur passively
without the need for mechanical equipment to control or direct the flows. Thus, when the
sewers are full and would otherwise start to overflow to the river, the flows will transfer from
the sewers at the interception chambers into the connection culvert from where the flows
will gravitate down the drop shaft and into the tunnel system for storage.

There will be no requirements for Thames Water operational personnel to actively operate
the interception and storage aspects of the system, but periodic access for maintenance will
be necessary.

Transfer for treatment

Storm water passing into the tunnel will flow by gravity along the length of the tunnel until it
is pumped via a pumping station at Beckton STW for treatment within the sewage
treatment works site.

Thames Water operational personnel will need daily access to the pumping station to
operate and maintain the mechanical, electrical and control equipment. This will take place
within the Beckton STW site.

Treatment of storm water

Flows collected by the Thames Tunnel project will be passed forward for full treatment at
Beckton STW.

Air flow control

When the tunnels fill with storm water, the air in the tunnels will be forced out of the tunnel
and when the storm water is removed from the tunnels air will need to return. The system
will be designed to ensure that as the storm water goes into or out of the tunnels the air will
be able freely to flow into and out of the tunnel system. This will involve a combination of air
extraction and intake structures. Their size and shape will depend primarily upon the
amount of air to be moved, but will also take into account aesthetic considerations
associated with their surroundings.

Air quality will be monitored at the main shaft sites via telemetry and access will be needed
for maintenance, but there should no requirement for Thames Water operational personnel
to actively operate the air flow aspects of the system, because it will be designed to operate
automatically.

Inspections and maintenance

Thames Water operational personnel will require access periodically for inspection and
maintenance purposes. It is anticipated that this will include:

tunnel and shaft inspections once every ten years;
shaft surveillance via remote controlled video cameras;
CSO flow control chambers once every year; and

equipment inspections (e.g. hydraulic lifting plant, penstocks) once every three
months. Such equipment will be located in chambers and not deep drop shafts.
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5.4.2 Due to the depth of the shafts, for health and safety reasons, access into the shafts
themselves will be via man-riders lowered from cranes, though vertical ladders may also be
provided for use in emergency. Man-riders are cages that are specifically designed for
people to stand in whilst it is moved by crane.
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6.1
6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

6.2
6.2.1

6.2.2

6.3

6.3.1

SITE CONSIDERATIONS

Overview

As stated above, there are three types of sites required for the Thames Tunnel project:
main shaft sites;
intermediate shaft sites; and
CSO sites.

These sites need to be able to satisfy construction requirements (i.e. allow the Project to be
built) and operational requirements (i.e. enable the completed Project to be operated and
maintained).

The site selection process must identify sites that are in suitable locations, are of suitable
sizes and can be adequately accessed for both of these stages.

At this stage the following number of sites are envisaged:
six main shaft sites (one being at Beckton STW);
up to five intermediate shaft sites; and
up to 34 CSO sites.
Layout, timing, size and access requirements for each type of site are given below.

Common features

During construction, the sites will host various construction activities. This need generates
requirements as to site size. Site activities and facilities can be divided into core activities
and ancillary activities. Space for core activities is essential at each shaft or CSO site.
Space for ancillary activities would ideally be available at core activity sites but could, in
principle, be located remotely from the principal sites. Whilst it would be ideal to locate core
and ancillary activities together, in practice they could be located remotely from (but within
reasonable proximity of) one another.

Site layouts can, to a degree, be configured to respond to specific local constraints.
Devising layouts for individual sites can only be carried out when the sites themselves have
been identified and short-listed. If sites of sufficient size are not available or suitable shaft
sites are not identified near to the river's edge, it may be possible to have two smaller linked
sites. Itis less desirable to have two smaller linked sites for logistical reasons and it may
generate more pedestrian and vehicular movements and, potentially, more effects on the
area between and/or adjacent to the two separate locations, rather than one site area.
Possible site configurations and combinations of sites will form part of the consideration of
shortlisted sites before selection of preferred sites.

Main shaft sites

Purpose
The main shaft sites are required for the main tunnel and will be used to facilitate:

assembly and insertion or dismantling and removal of TBMs at the beginning and
ends of tunnel sections;

construction of the main shaft and the tunnel;
removal of excavated material in solid or slurry form from the tunnel;
short-term storage of excavated material;

short-term storage of material such as concrete segments for primary tunnel lining;
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6.3.2

6.3.3

6.3.4

6.3.5

6.3.6

access to the tunnel for workers during construction;
ventilation for workers in the tunnel;
pumping out any water ingress from the tunnel during excavations;

connection to a power supply for the TBM and other underground construction
equipment;

possible CSO connection tunnel construction; and

permanent access to the tunnels when the Project is operational.

Timing
It is anticipated that main shaft sites will be required as construction sites for six to seven
years.

Location
From an engineering perspective, main shaft sites need to be located in positions that:
are directly above the main tunnel bore;

have ground conditions which are sufficiently good for a shaft of the requisite depth
to be constructed safely;

optimise the tunnel drive lengths to allow efficient construction (i.e. matching drive
lengths with TBM type and risks such as breakdowns posed by the different ground
conditions; and matching drive lengths to points that would be convenient to collect
multiple CSOs);

provide an area that can accommodate the construction related activities given
above;

allow for access to the river for the supply and removal of materials;

are on land, because the size of the main shaft sites required during construction
would usually mean that they would not be practical to be accommodated entirely in
the river and because the main shaft will be used to provide access to the tunnel
network once the system is operational; and

satisfy health and safety considerations regarding safe egress for the workforce in
an emergency.

There are of course also planning and environmental considerations which are addressed
in the site selection methodology.

Activities to be accommodated on the site

Typical activities, facilities and space requirements associated with a main shaft site
situated on a single site are illustrated in Figure 6.1.

Typical core and ancillary activities are listed below:

Core activities
up to 25m diameter shaft and surrounding working area to construct the shaft;
deliveries of construction materials for shafts and tunnelling requirements;

storage, treatment and removal of excavated material arising from the shaft
excavation and the tunnel excavation;

material stockyard for tunnel segments and accessories, including loading /
unloading area (double handling would be required if this was not a core activity);

cranage of materials within the worksite and into and out of the tunnel shaft;
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6.3.7

6.3.8

6.3.9

6.3.10

6.3.11

Ancillary activities

river access comprising: a wharf / jetty to service barges; loading and unloading
facilities for a range of materials; associated materials handling plant and storage
areas. This could be an ancillary activity as long as suitable links to the core site
were feasible;

workshops to maintain all the mechanical and electrical plant, large stores for spare
parts, stockyard for rails, pipes, grease, foam/flocculants, cable drums, timber,
cooling plant, generators, back-up equipment, TBM power supply installations;

construction offices, welfare facilities and medical facilities;

parking for construction traffic, which will be kept to a minimum and will be in
accordance with the Green Travel Plan; and

incoming and outgoing goods/materials consolidation/marshalling.

The above list of core and ancillary activities is illustrative and not exhaustive. Nevertheless,
it gives a reasonable indication of what is required.

Site size

In order to provide space for both core and ancillary activities, it is anticipated that main
shafts from which slurry TBMs will be driven will need to be approximately 20,000m?.
Whereas main shaft sites hosting an earth pressure balance TBM will need approximately
18,000m? as the excavated material handling activity requires less space than for a slurry
TBM. All other activities and site features are the same for both types of TBM.

These approximate site areas have been based on assumptions concerning tunnelling
rates (production rates), working hours, excavated material processing requirements,
excavated material storage time and concrete segment storage time.

These areas also assume that all facilities will be provided on one site, on land and will
generally be low-level buildings, structures and storage areas with cranes being the only
high feature. However, if core and ancillary activities are spilt across two sites then it is
likely the combined area will be larger. Another consideration is that if the activities have to
be constrained onto a smaller site then the height of buildings and structures will rise.

Typical areas used for the slurry TBM and earth pressure balance TBM site set-ups are
indicated in Figure 6.1 and 6.2 respectively. Note that the ‘rectangular profile’ is indicative
only.
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Figure 6.1 Main shaft site for a slurry TBM, site area 20,000m”

Figure 6.2 Main shaft site for an earth pressure balance TBM, site area 18,OOOm2
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Permanent operational requirements for all main shaft sites
6.3.12 At this stage it is anticipated that the following operational infrastructure will be required:

an air extraction/intake building that would include a ventilation column/chimney
type structure. Similar ventilation structures exist above sewers throughout London,
although these proposed structures are likely to be larger in diameter;

air monitoring equipment will also be housed in the building;

space adjacent to the shaft footprint to accommodate mobile cranes for moving
people and materials in and out of the shaft for maintenance;

shaft access points may need to be at a level above 6.5m AOD which may
(depending on prevailing levels) necessitate structures protruding above ground
level; and

an emergency overflow culvert to the river. Depending on existing ground levels
these could be visible.

6.3.13 There will also need to be adequate access from the highway to allow cranes and other
vehicles to enter the site.

Site search limits - Western limit

6.3.14 The proposed limit of the search area for the most westerly main shaft site is in the vicinity
of the most westerly of the CSOs to be intercepted, which is the Acton CSO.

Site search limits - Eastern limit

6.3.15 The most easterly main shaft sites will be at Beckton STW and so that sets the easterly
search area limit.

Site search limits - North/south limit

6.3.16 The proposed limit to the width of the site search area is 500m on both the north and south
sides of the river measured from the river edge. The limit is proposed because:

The main tunnel is intended to follow the route of the river (for the most part) and to
enable this to occur the main and intermediate shafts need to be close to the river.

The further away from the river that shaft sites are located the more likely it is that
the potential benefit of using the river to remove excavated material and to receive
construction materials will be significantly reduced. Materials would need to be
double handled between the shaft sites and river transport. It would also be more
likely that road transport or complex conveyor links would be required to move
excavated material to wharf sites at the river side. The use of the river to transport
materials into the site and transport excavated material away from the site is
considered to be an important aspect of the Project.

The further away from the river that shaft sites are located, the more the main
tunnel would have to pass under built-up land.

It is likely that the CSO interception chambers will be close to the river and there will
be interception chambers on both sides of the river so the closer the main tunnel
follows the route of the river, the shorter the CSO connection tunnels will be,
reducing cost and time for construction.

6.4 Intermediate shaft sites

Purpose
6.4.1 The intermediate shaft sites for the main tunnel will be used to facilitate:

construction of the intermediate shaft;
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6.4.2

6.4.3

6.4.4

6.4.5

6.4.6

6.4.7

planned inspections of the TBMs;
provide access for secondary lining;
possible CSO connection tunnel construction; and

possible access to the tunnels when the Project is operational.

Timing
It is anticipated that intermediate shaft sites will be required as construction sites for four to
five years.

Location

From an engineering perspective, intermediate shaft sites need to be located in positions
that:

are directly above the main tunnel bore;

have ground conditions which are sufficiently good for a shaft of the requisite depth
to be constructed safely;

enable strategic inspection and maintenance points for the TBM; and
provide access for secondary lining to be undertaken.

There are of course also planning and environmental considerations, which are addressed
in the site selection methodology.

Activities to be accommodated on the site

Typical activities and facilities associated with intermediate shaft sites are illustrated in
Figure 6.2 and include:

Core activities
up to 25m diameter shaft and surrounding working area to construct the shaft;

delivery of construction materials for shaft excavation, TBM maintenance and
secondary lining;

storage, treatment and removal of excavated material arising from the shaft
excavation;

cranage of shaft excavated material and workforce access;

secondary lining equipment, materials and resources;

Ancillary activities

concrete batching plant for secondary lining (a concrete batching plant mixes
aggregate, sand, cement and water to produce concrete on the site and is an
alternative to using ready mixed concrete delivered to site by concrete lorries); and

construction office, parking and welfare facilities.

The above list of core and ancillary activities is illustrative and not exhaustive. Nevertheless,
it gives a reasonable indication of what is required.

Site size

It is estimated that the sizes required for the intermediate shaft sites range from 5,000m? if
a concrete batching plant is not located on the site, to 7,500m? if a concrete batching plant
is located on the site.
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6.4.8

6.4.9

6.4.10

6.4.11

Typical areas used for the above activities are indicated in Figures 6.3 and 6.4. Note that
the ‘rectangular profile’ is indicative only.

Figure 6.3 Intermediate shaft site, site area 7,500m2

Figure 6.4 Intermediate shaft site, site area 5,000m2

Permanent operational requirements for all intermediate shaft sites

At this stage, and depending on the overall number of main and intermediate shaft sites
identified along the length of the main tunnel, it is anticipated that intermediate shafts will be
required only for construction purposes and not for operational reasons. Therefore it is
envisaged that manholes will be left as features (depending on existing ground levels these
could be visible above ground level) to be used as permanent emergency access points
and a ventilation column may be required. It is also possible that shafts could be capped
and the surface wholly reinstated.

Any retained manhole covers would need to be accessible by mobile cranes to be used to
lower and extract personnel, apparatus and materials.

Site search limits

These are the same as for main shaft sites albeit that the locations of intermediate shaft
sites will be determined having regard to the location of preferred and final main shaft sites
at the stage of transition from short-listed to preferred shaft sites. Additionally at the
transition from short-listed to preferred intermediate shaft sites, depending of the availability
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6.5

6.5.1

6.5.1A

6.5.2

6.5.3

6.5.4

6.5.5

of suitable land-based sites consideration may also be given to sites within or partially within
the river.

Combined Sewer Overflow sites

Purpose

The CSO sites are required to construct the CSO interception system of structures that
comprise:

an interception chamber;

a connection culvert;

a drop shaft; and

a connection tunnel or a rider tunnel.

Ideally the CSO interception sites will include the interception chamber and the drop shaft
within the same site. However, it is anticipated that in many circumstances it will not be
possible for the interception chamber and drop shaft to be located together.

Timing

The period that CSO sites will be required for construction will vary widely between CSOs,
because the construction activity will vary depending on the size of the associated
connection tunnel / rider tunnels, diameter of the drop shaft, space available for the
construction activities, access constraints and whether the drop shaft is used as a drive
shaft or reception shaft. It is anticipated that CSO construction sites may range from 6
months to two years.

Location

The location of CSO sites will be governed by the location of the existing combined sewers
that outfall at the existing CSOs, because the interception chambers have to be built on the
existing sewers.

Activities to be accommodated on the site

Opportunities to collocate CSO interception works with main or intermediate shaft sites will
be examined at the stage of moving from the shortlist of sites to preferred sites.

The activities and facilities required for CSO interception sites can be divided into core
activities and ancillary activities which could be located on a site area away from the CSO
site. Typical activities and facilities associated with CSO sites include:

Core activities

space to build the interception chamber over the existing sewer, connection culvert
and drop shaft;

primary crane and secondary crane;

generator, compressor and diesel tank;

pipe jack machine control cabin (if the site is a pipe-jack drive shaft);
concrete segment store (if the site is a TBM drive shaft);

pipe store, slurry pipe store and bentonite shed (if the site is a pipe-jack drive
shaft);

excavated material storage area;
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6.5.6

excavated material processing and handling plant (slurry tanks / primary
separation, centrifuge; if the drop shaft is a drive shaft);

Ancillary activities

construction traffic parking;
offices and welfare facilities; and

workshop.

Site size

At this stage in the design process the CSO site areas are expected to range up to
3,000m”. The range in site areas is due to the following factors:

Physical constraints presented by the existing layout such as proximity of buildings,
other surface structures and underground infrastructure.

The location of access / egress available to the site.

If the drop shaft is used as a reception shaft the area will be smaller than CSOs
sites where the drop shaft is used as a drive shaft.

Where there is a group of CSOs close together ancillary items such as welfare
facilities can be located at only one of the sites in the group allowing some sites to
fit into a smaller space.

Where the connection tunnels may be pipe jacked, the CSO site area will be
smaller than larger TBM driven tunnel sites.

6.5.7 Typical layout used for the above activities is indicated in Figure 6.5. Note that the

‘rectangular profile’ is indicative only.

Figure 6.5 Example of a CSO site layout based on pipe jacking, site area 750 m?

Permanent operational requirements

6.5.8 At this stage it is anticipated that the following operational infrastructure will be required:

A ventilation column/chimney type structure with a height similar to road lamp posts
will be required above each drop shaft for air extraction/intake. Similar structures
exist above sewers throughout London.

It is anticipated that CSO interception chambers will be finished at ground/road
level. The top structure of drop shafts may need to be above 6.5m AOD and
therefore could be visible above ground level depending on existing ground levels.
Some drop shafts may have manhole covers accessible by mobile crane so that
periodic inspections can be carried out by personnel via man-riders.
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6.5.9

6.5.10

6.5.11

6.6
6.6.1

6.6.2

6.6.3

6.6.4

Space adjacent to any drop shaft that provides an access point to accommodate
mobile cranes for moving people and materials in and out for maintenance,
together with an access route. Access routes/areas could be shared with others or
be part of the existing road network.

A kiosk type control structure will be required to house the telemetry
communications unit and control equipment for the manhole covers and control
equipment for the underground penstocks.

Search area limits

The search area for the CSO sites will be much more localised than the search area
described above for the main and intermediate shaft sites. This is because the CSO
interception chambers must be positioned at a point on the existing combined sewers.
Hence interception points depend on where the existing sewers are currently located.

The number of interception chambers can be minimised if they are located on the last
section of sewer where they converge before the overflow into the river. If the combined
sewers are intercepted prior to convergence, then more than one interception chamber will
be required, as an interception chamber will be required for each branch. Consideration will
also be given to the feasibility of in-river CSO interception and drop shaft sites located on
the adjacent foreshore at the point of the existing overflow.

It is anticipated that the search area for CSO sites will vary with each CSO as it will depend
on the sewer network of each existing combined sewer upstream of its current overflow
structure. Therefore each search area will be defined once the local network characteristics
have been determined.

Site considerations development

This section has outlined site considerations such as the purpose of the sites, timing,
location, activities to be accommodated during the construction phase, activities and
structures to be accommodated during the operational phase and the search areas to be
used for the three types of sites of the Thames Tunnel project.

The site considerations identified in this paper should be taken into account by the site
selection team in assessing the suitability of sites during each assessment element of the
site selection process.

In addition to undertaking the assessment of engineering criteria for each individual shaft
and CSO site at each stage in the selection process, the engineering part of the site
selection team will also consider the options for the Project as a whole. This will entail the
appraisal of various options and combinations of shortlisted main shaft, intermediate shaft
and CSO sites with alternative tunnel routes and a range of CSO interception or control
arrangements (i.e. interception direct via connection tunnels; or interception in groups via
rider tunnels; or local modifications to existing structures).

The site considerations will be refined as design development progresses.
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