Thames Tideway Tunnel
Thames Water Utilities Limited

Development Consent Order
Application Reference Number: WWO10001

Yy ] \ 7/ C - \ 3 » ~ o~ -
)ocuments tor Certincation

NOoNnTaembetr
SYeplermopel Zu
f £\

Thames
Water
N

We, Lindsay Speed and Sarah Fairbrother hereby certify that this
is a true copy of the environmental statement referred to in Article
61 (1) (f) of the Thames Water Utilities Limited (Thames Tideway

Tunnel) Order 2014.

j\}lcﬂd &}\mxo\ s w:&/‘ll‘\ r Tonthier
7 (

September 2014

T e

Creating a cleaner, healthier River Thames




Thames Tideway Tunnel

Thames Water Utilities Limited Thames
Water

[ [
Application for Development Consent —

Application Reference Number: WWO0O10001

Environmental Statement

Doc Ref: 6.2.03
Volume 3: Project-wide effects assessment appendices
APFP Regulations 2009: Regulation 5(2)(a)

Hard copy available in Thames %
Box 17.3 Folder B Tideway Tunnel

Jan uary 2013 Creating a cleaner, healthier River Thames




This page is intentionally blank




Thames Tideway Tunnel

Thames Water Utilities Limited Thames
Water

[ [
Application for Development Consent —

Application Reference Number: WWO0O10001

Environmental Statement

Doc Ref: 6.2.03

Volume 3: Project-wide effects assessment appendices
Appendix F: Land quality

APFP Regulations 2009: Regulation 5(2)(a)

Hard copy available in Thames %
Tideway Tunnel

Box 17.3 Folder B
Jan uary 2013 Creating a cleaner, healthier River Thames




This page is intentionally blank




Environmental Statement

Thames Tideway Tunnel
Environmental Statement

Volume 3 Project-wide effects assessment
appendices

Appendix F: Land quality

List of contents

Page number

AppendiX F i Land QUAIITY .......iee e 1
e R 011 Yo [ 1 £ o SRS 1
Volume 3 Appendices: Appendix F contents Page i

Project-wide effects assessment



Environmental Statement

This page is intentionally blank

Volume 3 Appendices: Appendix F contents Page ii
Project-wide effects assessment



Environmental Statement

Appendix F: Land quality

F.1 Introduction

F.1.1 Construction and operational project-wide effects assessments for this
topic do not require the provision of any supporting information, so this
appendix is intentionally empty.
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Appendix G: Noise and vibration

G.1 Introduction

G.1l1 Project-wide construction and operational effects assessments for this
topic do not require the provision of any supporting information, so this
appendix is intentionally empty.
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Appendix H: Socio-economics

H.1 Baseline community profile

H.1.1 The community profile is based on local authority level data from the
Office of National Statistics (ONS). The data have been obtained from four
sources: Census 2001 (the last census for which data are available),
Department of Communities and Local Government Deprivation Indices
20102, London Public Health Observatory 20123, and the Network of
Public Health Observatories 2011* (see Volume 2 Methodology). Data is
grouped according to those ‘protected characteristics’ or groups which are
relevant for consideration in relation to this socio-economic impact
assessment.

H.1.2 On the basis of likely impacts on receptors identified in this socio-
economic assessment, the community profile examines the project-wide
area surrounding the construction site (ie, at a Greater London level) and
the overall England level statistics. Data at a borough level is also
considered for the 13 boroughs in which there are proposed construction
sites.

H.1.3 The main risk groups concentrated’ at a Greater London level are:
a. people belonging to Black and Minority Ethnic (BME) groups.
b. people belonging to the Muslim and Hindu faiths.
c. households which do not own cars.
Resident population

H.1.4 The resident population within Greater London was approximately
7,172,091 at the time of the last census for which a complete dataset is
available".

H.1.5 The total population within each of the 13 boroughs is outlined in Vol 3

Table H.1 below.
Vol 3 Table H.1 Socio-economics - population by borough

Borough Total residential population
London Borough (LB) of Ealing 300,948
LB of Hammersmith and Fulham 165,242
LB of Richmond 172,335
LB of Wandsworth 260,380

' The Equalities Act 2010 defines ‘protected characteristics’ as: age, disability, gender reassignment, marriage
and civil partnership, pregnancy and maternity, race, religion or belief, sex, and sexual orientation. Of these
characteristics, age, disability, race and religion are relevant for consideration in relation to this socio-economic
impact assessment.

" In this instance, ‘concentrated’ refers to the occurrence of a particular protected characteristic group, the
proportion of which is notably higher than the borough wide proportions.

Census 2001. This type of data for the 2011 Census has not yet been released at the time of the assessment .
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H.1.6

H.1.7

H.1.8

H.1.9

Borough Total residential population

RB of Kensington and Chelsea 158,919
LB of Lambeth 266,169
City of Westminster 181,286
City of London 7,185

LB of Southwark 244,866
LB of Tower Hamlets 196,106
LB of Lewisham 248,922
RB of Greenwich 214,403
LB of Newham 243,891

Gender and age

Of the total population within Greater London, 51.6% residents are female,
broadly in line with the England average proportion (51.3%).

The proportion of under 16 year olds within Greater London (20.2%) is in
line with the proportion of under 16 year olds within England, also 20.2%.
Of the 13 relevant boroughs, City of London has the lowest proportion of
under 16 year olds (9.4%) at less than half the Greater London average
(20.2%). By contrast, the LB of Newham has the highest proportion of
under 16 year olds (26.2%), somewhat higher than the Greater London
level (20.2%). LB of Lewisham (21.1%) and RB of Greenwich (21.8%) are
also slightly higher than the Greater London level.

The proportion of over 65 year olds within Greater London (12.4%) is
moderately lower than the England level (15.9%). Of the 13 boroughs, the
LB of Newham has the lowest proportion of over 65 year olds (8.9%)
somewhat lower than the Greater London level (12.4%) and considerably
lower than the proportion of over 65 year olds within England (15.9%).
Over 65 year olds within LB of Lambeth and LB of Tower Hamlets (9.3% in
both boroughs) also account for a somewhat lower proportion than
Greater London, and considerably lower than the England average.

Vol 3 Table H.2 Socio-economics - age breakdown by catchment area

Catchment area

Age grou
UL Greater London England

Under 16

20.2% 20.2%
years old

Over 65

12.4% 15.9%
years old

Ethnicity

Within Greater London, White residents comprise 71.2% of the population
with BME groups comprising the remaining 28.8%. The proportion of

Volume 3 Appendices: Project Appendix H: Socio-economics Page 2
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H.1.10

H.1.11

H.1.12

H.1.13

White residents within Greater London is moderately lower than the
England average (90.9%). Of the 13 boroughs, LB of Newham has the
lowest proportion of White residents (39.4%) considerably lower than the
Greater London average (71.2%) and lower still than the England average
(90.1%). The LB of Ealing also has a notably lower proportion of White
residents (58.9%) than the Greater London and England averages.

Within Greater London, Asian residents make up the largest minority
group amounting to 12.1% of the total population. Within England, Asian
residents are also the most predominant minority group (4.6%), however
they account for a considerably lower proportion of the population than the
Greater London average. The second most populous minority group within
Greater London is Black residents, accounting for 10.9% of the population,
considerably higher than the proportion of Black residents within England
(2.3%).

Both the Asian and Black communities account for over one in ten
Londoners. However, within the 13 boroughs Asian residents account for a
lower proportion locally than the average figure for Greater London, with
the exception of three boroughs: LB of Ealing (24.5%), LB of Tower
Hamlets (36.6%) and LB of Newham (32.5%). In most of the 13 boroughs,
the proportion of Black residents is also lower than the London average
with the exception of four boroughs: LB of Lambeth (25.8%), LB of
Southwark (25.9%), LB of Newham (21.6%) and LB of Greenwich

(11.1%).

Vol 3 Table H.3 Socio-economics - ethnicity by catchment area

Catchment area

Ethnicit
y Greater London England

White 71.2% 90.9%

BME 28.8% 9.1%
Asian 12.1% 4.6%

Black 10.9% 2.3%

Other 2.7% 0.9%

Mixed 3.2% 1.3%

Note: The figure for BME data presented in Table H.3 is the sum of data for Asian, Black,
Other and Mixed ethnicities.

Religion and belief

Within Greater London and England, Christians are the predominant
religious group at 58.2% and 71.7% respectively. The proportion of
Christians within Greater London is somewhat lower than the England
average.

Muslims are the second most predominant religious group within Greater
London and England; however the Muslim population within Greater
London (8.5%) is considerably larger than the proportion of Muslims within
England (3.1%).

Volume 3 Appendices: Project Appendix H: Socio-economics Page 3
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H.1.14 Hindus are the next most predominant religious group within Greater
London and England. Proportionately Hindu residents within Greater
London (4.1%) are almost four times higher than the England average
(1.1%).

H.1.15  Within Greater London, the proportion of residents who do not follow or
state a religion (24.3%) is broadly in line with the England average
(22.3%).

Health indicators

H.1.16  Within Greater London, 15.5% of residents have a long term or limiting
illness, somewhat below the England average (17.9%). Of the 13
boroughs, the LB of Richmond upon Thames has the lowest proportion of
residents suffering from a long term illness (12.4%). The majority of 13
boroughs experience a lower instance of long term or limiting illness in
comparison with England wide levels, the exceptions being LB of Tower
Hamlets (17.2%), RB of Greenwich (17.4%) and LB of Newham (17.3%)
which have levels broadly in line with the England average.

H.1.17 Those residents who claim disability living allowance within Greater
London (4.5%) are somewhat lower than the England average of 5.3%. Of
the 13 boroughs, the City of London and LB of Richmond Upon Thames
have the lowest proportions of disability allowance claimants (at 2.4% and
2.6% respectively), considerably lower than the Greater London and
England averages. By contrast, the LB of Southwark (5.4%), LB of Tower
Hamlets (5.4%), LB of Newham (5.6%) and RB of Greenwich (5.9%) have
slightly higher claimant levels than England as a whole, higher still than
the Greater London average.

Vol 3 Table H.4 Socio-economics - health indicators by catchment area

Health Catchment area
indicator Greater London England
Long term 15.5% 17.9%
limiting sick ' '
Disability living 4.5% 5.3%
allowance ' '

H.1.18  The majority of the 13 boroughs largely fall within the lowest or middle
quintiles of adult obesity, the exceptions being LB of Southwark and LB of
Newham which largely fall within the highest or second highest quintile (ie,
the highest being the worst) relative to Greater London. All of the 13
boroughs experienced high rates of child obesity; all boroughs largely fall
within the highest or second highest quintiles relative to Greater London.

H.1.19  The average life expectancy for males in Greater London is 78.6 years,
broadly in line with the England average of 78.3 years. Female life
expectancy in Greater London is 83.1 years, approximately one year
higher than the England average (82.3 years).
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H.1.20

H.1.21

Lifestyle and deprivation indicators

The proportion of households in Greater London that do not own cars
(37.5%) is moderately higher than the England average (26.8%) where
just over a quarter of households do not own cars. Of the 13 boroughs, the
LB of Richmond Upon Thames has a somewhat lower proportion of
households without cars (23.7%) than the England average, considerably
lower than within Greater London. The City of Westminster, LB of Tower
Hamlets and City of London all have considerably higher proportions of no
car households than Greater London and England (56.4%, 56.8% and
62.0% respectively) and this is likely to be largely due to the central
location of these boroughs, generally high levels of public transport
accessibility and a shortage of car parking spaces.

The incidence of income and overall deprivation within Greater London
(30.8% and 24.5% respectively) is moderately higher than the England
averages (both 20.0%). Both income deprivation and overall deprivation
within the LB of Tower Hamlets (76.6% and 69.6% respectively) and LB of
Newham (90.7% and 80.7%) are considerably higher than the Greater
London and England wide averages. By contrast, there is no recorded
incidence of income or overall deprivation within the City of London, and
no recorded overall deprivation within the LB of Richmond Upon Thames.

Vol 3 Table H.5 Socio-economics — lifestyle and deprivation levels by
catchment area

Catchment area

Deprivation
Greater London England

No car

9 0
households 37.5% 26.8%

Income 30.8% 20.0%

Overall 24 5% 20.0%
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H.2

H.2.1

H.2.2

H.2.3

H.2.4

Baseline economic profile

This economic profile examines data on employment, businesses and the
resident workforce at a Greater London level and at a local authority level
for the boroughs in which there are proposed construction sites (hereafter
referred to as the 13 boroughs").

The data have been obtained from the Experian National Business
Database 2012° which draws primarily on regularly updated records from
Companies House.

Information on the skills and occupational profile of residents of Greater
London and the 13 boroughs in which there are proposed construction
sites, is set out in the Skills and Employment Strategy (which
accompanies the application).

Employment and businesses

In total across the 13 boroughs there are approximately 2.4 million jobs".
Vol 3 Table H.6" below illustrates the breakdown of employment by
sector, based on the UK Standard Industrial Classification (SIC) 2007.
Data is shown for sectors which account for more than 5% of the total
employment within each of the 13 boroughs. It can be seen that:

a. Wholesale and Retail Trade employment accounts for a slightly lower
proportion (14%) than the average figure for Greater London (16%),
with the exception of three boroughs: LB of Tower Hamlets (20%), RB
of Kensington and Chelsea (20%) and RB of Greenwich (17%).

b. Professional, Scientific and Technical Activities employment accounts
for 13% of employment within the 13 boroughs, slightly more than
within Greater London as a whole (11%). However there are large
variances between boroughs, from 5% of jobs within the LB of
Newham, to 24% of jobs within the City of London.

c. Accommodation and Food Service Activities employment accounts for
8% to 9% of employment across both geographical scales. However,
of the 13 boroughs the City of Westminster and RB of Kensington and
Chelsea have a considerably higher proportion of jobs within this
sector (14% and 15% respectively), whilst the LB of Newham has
somewhat lower employment levels (4%) comparatively.

d. Administrative and Support Services employment accounts for 8% of
employment across the 13 boroughs and Greater London as a whole.

Y The relevant boroughs are the London Borough (LB) of Ealing; LB of Hammersmith and Fulham, LB of
Richmond-upon-Thames, LB of Wandsworth, Royal Borough (RB) of Kensington and Chelsea, LB Lambeth, City
of Westminster, City of London, LB of Southwark, LB of Tower Hamlets, LB of Lewisham, RB of Greenwich, and
LB of Newham.

¥ Employees data reflect a head count of workers on-site rather than Full Time Equivalent (FTE) jobs .
While employee figures are mostly based on actual reported data, a proportion is based on modelled

data.

¥ Data in tables rounded to nearest whole percentage and do not always sum due to rounding.
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e.

Human Health and Social Work Activities employment accounts for
7% to 8% of employment, though four boroughs notably have a
somewhat greater proportion: LB of Lambeth (13%), LB of
Wandsworth (13%), LB of Southwark (12%) and LB of Lewisham
(11%).

Information and Communication employment accounts for
approximately 7% of employment across the 13 boroughs and within
Greater London as a whole, though LB of Hammersmith and Fulham
is notable as having a greater proportion (14%) within this sector.

Financial and Insurance Activities employment accounts for 7% of
employment within the 13 boroughs, nearly double the proportion
within Greater London as a whole (4%). However, employment within
the sector ranges from 1% within the LB of Wandsworth, LB of Ealing,
LB of Hammersmith and Fulham, LB of Lambeth, LB of Newham and
the LB of Greenwich to 29% of jobs within the City of London.

Education Activities employment accounts for 6% to 7% of
employment across the 13 boroughs and Greater London, with the
exception of four boroughs: the LB of Lewisham (13%), RB of
Greenwich (12%), LB of Newham (11%) and LB of Wandsworth
(10%).

Vol 3 Table H.6 Socio-economics — employment by top eight sectors

(2012)

Assessment area
ggztgrz(()%;a;ndard \elsiiel 13 boroughs Greater London
Wholesale and Retail Trade;

Repair of Motor Vehicles and 14% 16%

Motorcycles

Professional, Scientific and 0 0

Technical Activities 13% 11%

Acco_mmodgt_ic_)n and Food 9% 8%

Service Activities

Adm!nistrative and Support 8% 8%

Services

Humgn Health and Social Work 2% 8%

Activities

Information and Communication 7% 7%

Flngr]glal and Insurance 294 4%

Activities

Education 6% 7%

Other (including unclassified) 31% 31%
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H.2.5

H.2.6

H.2.7

H.2.8

H.2.9

H.2.10

Across the 13 boroughs there are approximately 249,000 businesses
(defined here as business locations"). The split of businesses by sector
generally reflects the breakdown of employment by sector set out above,
with a relatively high number of businesses engaged in Wholesale and
Retail Trade (12%), Professional, Scientific and Technical Activities (11%)
and Administrative and Support Service Activities (10%).

Vol 3 Table H.7 illustrates the size of businesses in terms of the number of
employees on site. Businesses within the smallest size band (1 to 9
employees) account for the greatest proportion across the 13 boroughs
(85%) and within Greater London as a whole (88%).

There are a number of 13 boroughs which have a greater proportion of
smaller businesses (1 to 9 employees) than Greater London as a whole,
such as the LB of Lewisham (92%), LB of Newham (92%), RB of
Greenwich (91%), LB of Richmond (91%), LB of Ealing (90%), LB of
Wandsworth (90%) and LB of Lambeth (89%). Conversely within the City
of London there are many more businesses employing more than 50
employees (7%) than the average across all 13 boroughs and Greater
London as a whole (both 2%).

Vol 3 Table H.7 Socio-economics - businesses by size band (number
of employees)

Size band (employees at site)
Assessment area 100-
1-9 | 10-24 | 25-49 | 50-99 250+
249
13 boroughs 85% | 10% | 2% 1% 1% 0%
Greater London 88% | 8% 2% 1% 1% 0%

Vol 3 Table H.8 illustrates the breakdown of business locations and jobs
within the Construction, Manufacturing and Transport and Storage sectors
across the 13 boroughs and Greater London. There are approximately
12,600 Construction sector businesses and 89,000 Construction sector
jobs. With respect to the distribution of these businesses and jobs across
13 boroughs, a particularly high share of the Construction businesses are
located in the City of Westminster (15%) and LB of Ealing (14%). The City
of Westminster and LB of Ealing also account for the highest share of
Construction jobs (24% and 11% respectively).

Across the 13 boroughs there are approximately 7,100 Manufacturing
businesses and approximately 69,600 Manufacturing jobs. Of the 13
boroughs, the City of Westminster and LB of Ealing have a highest share
of Manufacturing sector businesses (15% and 12% respectively).

Across the 13 boroughs there are approximately 5,800 Transport and
Storage sector businesses and 69,700 Transport and Storage sector jobs.
Both the LB of Ealing and City of Westminster account for a high share of

vii

This count relates to business ‘locations’ or ‘units’; an enterprise may have a number of business locations /

units. Itincludes private sector, public sector and voluntary sector / charitable entities.
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Transport and Storage sector businesses (14% and 12% respectively).
The LB of Newham accounts for the greatest share of Transport and

Storage sector jobs (16%) but only 8% of all Transport and Storage sector
business locations.
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Appendix I: Townscape and visual

1.1 Introduction

1.1.1 Project-wide construction and operational effects assessments for this
topic do not require the provision of any supporting information, so this
appendix is intentionally empty.
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Appendix J: Transport

J.1

J.1.1

J.1.2

J.1.3

J.1.4

J.1.5

J.1.6

Sensitivity testing in relation to the Transport
Strategy

Introduction
Overview

This appendix provides details of the sensitivity testing of the construction
lorry flows set out in the Transport Strategy, which accompanies the
application, particularly in relation to the Annual Average Daily Traffic
(AADT) and Annual Average Weekday Traffic (AAWT) flows and the
associated air quality and noise assessments which have been
undertaken as part of the EIA.

Section 3 of the Transport Assessment explains in detail how sensitivity
testing has been undertaken in relation to highway network capacity and
operation.

This appendix sets out the following:
a. the basis of the core assessment of transport effects

b. the context within which sensitivity testing has been considered and
reasons why it is appropriate

c. how sensitivity testing on construction lorry numbers relates to AADT
and AAWT values

d. the implications of a sensitivity test for the air quality and noise
assessments reported in the site assessment volumes (Vols 4 to 27)
of the Environmental Statement.

Basis of core assessment

The assessment of transport effects related to the project takes account of
the anticipated numbers of construction lorries, and those of other
construction vehicles, at each project worksite at different points in the
construction programme. The transport assessment is concerned
primarily with the effects on highway network operation during peak hours.

The analysis underlying the assessment of transport effects has also been
used to derive baseline, base case and development case AADT and
AAWT flows for use in the air quality and noise assessments within the
EIA.

The core scenario for the assessment of transport effects is that contained
in the Transport Strategy (referred to as the ‘“Transport Strategy’ scenario).
This sets out the project commitment that Thames Water will use all
reasonable endeavours to ensure that at least 90% of the following
materials will be transported (to and from the 11 worksites listed below) by
river except in certain circumstances (as listed in Appendix B of the
Transport Strategy):
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a. Main tunnel excavated material from the main tunnel drive sites
(Carnwath Road Riverside, Kirtling Street, and Chambers Wharf).

b. Shaft excavated material at ten sites in the foreshore, or with direct
river access. These are Putney Embankment Foreshore, Carnwath
Road Riverside, Cremorne Wharf Depot, Chelsea Embankment
Foreshore, Heathwall Pumping Station, Albert Embankment
Foreshore, Victoria Embankment Foreshore, Blackfriars Bridge
Foreshore, Chambers Wharf and King Edward Memorial Park
Foreshore.

c. Import of temporary and permanent cofferdam fill material and export
of temporary cofferdam fill material at all foreshore sites.

d. Excavated material from short connection tunnels, interception
chambers and associated structures at eight sites. These are Putney
Embankment Foreshore, Cremorne Wharf Depot, Chelsea
Embankment Foreshore, Albert Embankment Foreshore, Victoria
Embankment Foreshore, Blackfriars Bridge Foreshore, Chambers
Wharf and King Edward Memorial Park Foreshore.

e. Import of sand and aggregates for secondary lining works for the main
tunnel sites at Carnwath Road Riverside, Kirtling Street and Chambers
Wharf.

The above materials types can be transported by river but there will be
practicality reasons why it is not always possible to use river transport.
For the assessment of transport impacts, as reported in the Transport
Assessment and Environmental Statement, it is assumed that a minimum
of 90% of these materials would be transported by river. This is to allow
some flexibility for the use of road transport for periods, for example, when
river transport may be unavailable, or for material that is unsuitable for
river transport (such as excessively wet spoil or any contaminated
materials), or if a major site equipment failure occur. The construction
contractors will be incentivised to transport as much of the above material
by river as practical, in order to achieve an amount closer to 100%. All
other materials will be transported by road from these 11 worksites.

The 90% figure has been used to allow a realistic worst case, one in which
a value materially below the 90% figure is not considered sufficiently likely
to require specific assessment.

At the other 13 sites, all materials would be transported by road.

The traffic-related assessments presented in the Environmental Statement
(principally transport, air quality and noise) are based on the lorry numbers
set out in the Transport Strategy. The transport assessment (and those
traffic-related elements of the air quality and noise assessments) has
adopted the peak month(s) of construction at each worksite (ie the
month(s) in which the average daily number of lorries would reach a
maximum). When considering project-wide effects the assessment has
adopted the overall peak month of activity (ie the month in which the total
average daily number of lorries generated by all worksites would reach a
maximum).
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This approach is considered to be robust because:

a. it examines the months in which the average daily numbers of lorries
would be at their greatest

b. it therefore reports effects associated with these peak months, even
though many other months in the construction programme at a
worksite, or project-wide, would experience lower levels of lorry flows
and thus potentially lesser effects

c. although there may be occasions when the number of lorry
movements at a site exceed the average daily figure in the peak
month, in the context of the overall construction programme the
number of such instances of exceedance would be small and would
be ‘offset’ by other times when the number of daily lorry movements
would be less than the average (including non-peak months)

d. if lorry movements are required outside ‘core’ working hours (08:00hrs
to 18:00hrs on weekdays and 08:00hrs to 13:00hrs on Saturdays) this
would be agreed with the relevant local authorities (see CoCP, Part A
Section 4.2).

Sensitivity testing
Context
Transport Strategy

Sensitivity testing has been used as a means of examining the effects of
the project in the event that disruption to river transport means additional
road transport for construction materials is necessary for an extended
period of time. Paras. J.1.13 to J.1.16 discuss the range of issues that
form the context within which such sensitivity testing should be viewed.

As the core assessment already examines the peak month(s) of activity at
each worksite, as explained in paras. J.1.10 and J.1.11, it already
addresses a situation which would represent the upper bound of the
number of movements that could be expected on any day within the
overall programme at each worksite, assuming the Transport Strategy
scenario.

As para. J.1.11 explains, if this peak month average daily figure were to be
exceeded, this is likely to be on an infrequent basis and the number of
instances would be very small in the context of the overall construction
programme.

Given the commitments set out in the Transport Strategy, it is very unlikely
that river transport would not be used for the whole construction
programme. A situation in which all construction materials were
transported by road for all worksites for the whole construction period (a
full *All By Road’ scenario) is therefore not considered to be realistic and
thus not a likely scenario that requires assessment in terms of air quality
and noise effects.
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Derogations for departure from using river transport

There is, however, the possibility that river transport might not be available
for short periods of time at one or more worksites. These ‘trigger events’
are listed in Appendix B of the Transport Strategy and include:

a. planned closures or restrictions on the river (eg maintenance or testing
of the Thames Barrier, sporting events or river works by other parties)

b. unplanned closures and restrictions on the river (eg weather effecting
river transport, incidents from river transport, Thames Barrier closures
for flood defence)

c. project-related occurrences ie events which might occur at one of the
project sites and affect the ability of the contractor to use the river, for
example, breakdown or failure of equipment, damage to loading
infrastructure, material production and storage area issues

d. material unsuitable for river transport (for example, excavated
materials from the clay and Thanet Sand tunnel drives that fail the
International Maritime Solid Bulk Cargoes Code transportable moisture
limit test and are unsuitable to be transported by barge).

The procedures and processes to ensure robust and consistent
management of project-related river operations, and to respond to the
trigger events outlined above are being discussed with the GLA, TfL and
PLA, so that transfer to road transport can be assessed and implemented
without unnecessary delay.

The agreed procedures will form the basis of contract requirements and
will be referenced within the traffic management plans, river transport
management plans and construction environmental management plans.
The criteria and procedures for the derogations will also be incorporated
within the contractor’s work information, and agreements with key
stakeholders.

If any of these issues arise, it is likely that they would be a short-term
occurrence rather than give rise to abandoning the river in favour of road
transport. Furthermore, these issues are unlikely to affect river transport
at all relevant worksites at the same time or in the same way.

Sensitivity testing in the assessment of transport effects

In relation to the assessment of transport effects, sensitivity testing around
the core assessment has been discussed with Transport for London (TfL).
In transport terms, a primary issue has been to ensure that the
assessment addresses the operation of the strategic and local highway
networks in terms of highway capacity and delay.

Discussions with TfL in relation to sensitivity testing of strategic highway
capacity and delay issues considered a range of possible scenarios and
variations to the core assessment (Transport Strategy) figures. There is
inherent uncertainty in understanding exactly what the implications of
individual ‘trigger events’ might be, including the way in which the
construction management team might respond to mitigate them. It was
therefore agreed that to simplify the approach and provide a worst case
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variation from the Transport Strategy for such strategic traffic-related
issues, the sensitivity test would be the forecast lorry movements for an
‘All By Road’ (ABR) situation (ie assuming that no river transport was used
and that all materials were transported by road for the whole construction
period).

Whilst the actual nature and extent of any disruption to the use of river
transport cannot be predicted with certainty, it is considered appropriate to
select a representative period so as to enable a realistic, informative and
proportionate sensitivity test to be undertaken. A representative period of
one month has therefore been used for the purposes of this sensitivity
test. Whilst the possibility of a disruption of greater than one month
cannot be entirely excluded, in view of the approach and commitments set
out in the Transport Strategy, and the fact that any disruption is in practice
likely to be materially shorter than a month, significantly longer periods of
disruption are not considered sufficiently likely to require specific
assessment.

Sensitivity testing of traffic flows for the air quality and noise assessments
has therefore been based on a scenario equivalent to the levels of traffic
implied by the ‘All By Road’ figures occurring for approximately one month.
This is referred to as the ‘ABR (1 month)’ sensitivity test and it represents
a short to medium term loss of river transport at all worksites with the
construction lorry movements represented by the Transport Strategy
occurring over the remaining 11 months of the year.

It is noted that consideration of these sensitivity tests does not imply a
deviation from the commitments to river transport made in the Transport
Strategy although the tests are consistent with the strategy in that the
strategy provides for the possibility that there may be temporary
interruptions to the use of river transport.

Relationship to air quality and noise assessments

When considering transport-related effects, the air quality and noise
assessments draw on traffic flow information relating to AADT flows and
AAWT flows respectively. The transport assessment is typically based on
forecast peak hour traffic flows which cover a shorter period than AADT or
AAWT flows although such flows are derived from the transport
assessment for use in the air quality and noise assessments.

AADT flows represent the total annual traffic flow on a particular road,
averaged across 365 days. AAWT flows represent the total annual traffic
flow on weekdays only, averaged across 260 days. For the air quality and
noise assessments, comparisons have been made between the
construction base and development cases — the latter includes Thames
Tideway Tunnel project traffic also averaged across 365 or 260 days as
appropriate.

For the air quality assessment, locations where the project would add
more than 200 lorries a day are identified. This approach is consistent
with the Highways Agency Design Manual for Roads and Bridges criteria
for assessment and the project-wide air quality assessment methodology
described in Vol 2 Section 4.8 of the Environmental Statement.
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For noise assessment, road links where there would be an increase in
total traffic flow of 25%, or a 5% increase in HGV composition during the
peak month are identified. These increases indicate changes above
negligible impact of 1dB, although significant effects would not be
associated with changes of less than 3dB. This approach is consistent
with the noise and vibration assessment methodology described in Vol 2
Section 9.5 of the Environmental Statement.

The analysis set out below uses these thresholds for the purposes of
assessing whether the scenario adopted for the purposes of sensitivity
testing shows a variation in the AADT / AAWT flows that would give rise to
a material change in the findings of the air quality and noise assessments,
based on the Transport Strategy, as reported in the site and project wide
assessments in the Environmental Statement.

Approach to analysis

The analysis has considered the 11 worksites at which river transport is
proposed in the Transport Strategy, as only these would be susceptible to
an interruption in river use.

Using the Transport Strategy and ABR (1 month) figures, it is possible to
identify:

a. the 12 month period in which the total number of construction lorries at
each worksite would be highest, for the Transport Strategy

b. the 12 month period in which the total number of construction lorries at
each worksite would be highest, for the ABR (1 month) scenario

c. the equivalent AADT and AAWT (note: peak daily flow during ABR (1
month) scenario also considered) flows for project lorry traffic only for
each of these two periods, and the difference between them.

Using this information, it is possible to identify the degree to which the
underlying (base case) AADT and AAWT figures would change, if the
additional project lorry traffic were applied in each case.

For this analysis, the degree of change has been based on a range of
AADT / AAWT flow levels to illustrate how sensitive a location might be to
change.

It is clear that the lower the base case AADT and AAWT flows, the greater
the percentage change that is likely to result from a given level of
construction lorry movements. Where project construction lorries need to
use local roads to access worksites, base case flows are likely to be lower
on those roads than on the strategic road network and therefore these
local roads may be more susceptible to smaller changes in AADT/AAWT
flows resulting from additional construction lorry movements.

ABR (1 month) sensitivity test for air quality and noise
assessments

Overview

For each worksite, this analysis examines the 12 month period in which
the Transport Strategy figures produce the highest number of lorry
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movements. It then substitutes the month with the highest number of lorry
movements from the ‘All By Road’ scenario. Thus it examines the highest
11 months of the Transport Strategy plus the highest month of the ‘All By
Road’ scenario.

These figures have then been compared with the highest 12 month period
for the Transport Strategy in order to demonstrate whether changes in the
resulting AADT figures would give rise to a material change in the
assessments reported in the Environmental Statement and if so, at what
level of base case traffic flow.

In the case of the analysis of the AAWT figures for the consideration of
noise impacts, the ‘All By Road’ daily flows have been considered for the
one month in which the increased flows would occur (to determine noise
level changes during the worst-case month) .

AADT analysis
Local highway network

Vol 3 Table J.1 and Vol 3 Table J.2 show that for Thames Tideway Tunnel
lorry traffic only, the AADT figures for the Transport Strategy range
between 10 movements (at Cremorne Wharf Depot) and 135 movements
(at Kirtling Street) per day. For the ABR (1 month) sensitivity test, the
equivalent AADT figures range from 11 movements (at Cremorne Wharf
Depot) to 172 movements (at Kirtling Street) per day.

The increases at an individual worksite as a result of the ABR (1 month)
sensitivity test (11 months of Transport Strategy plus one month of ‘All By
Road’) therefore range between 1 and 37 vehicle movements a day on
average.

Vol 3 Table J.2 shows the percentage of additional movements that these
figures represent, when added to a range of ‘base case’ AADT figures.

Considering a minimum base case AADT of 2,000 vehicles an hour and
the thresholds of addition of 200 AADT lorry movements (see para.
J.1.27), Vol 3 Table J.2 shows that:

a. none of the worksites individually is expected to generate more than
200 AADT lorry movements a day in either the Transport Strategy or
the ABR (1 month) sensitivity test scenarios

b. roads with lower traffic volumes a day would experience a higher %
increase in AADT for both Transport Strategy and ABR (1 month)
scenarios

c. Kirtling Street would experience the highest % increase in AADTSs for
the ABR (1 month) scenario compared to the base case followed by
Chambers Wharf although these increases are less than 200
movements AADT. Given that both sites have sensitive receptors
located at minor roads with low traffic volumes and NO;
concentrations close to the UK annual mean objective, additional
dispersion modelling was carried out to verify the effects of the ABR (1
month) scenario (see paras. J.1.45-J.1.46).
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Strategic highway network

The strategic highway network modelling takes account of the potential
origins and destinations of construction lorries travelling to or from project
worksites. This shows that key construction routes used by lorry traffic
generated by the project would include the A2 corridor to the east of
London and the A205 (South Circular Road) corridor. The consideration
of how the sensitivity test applies to these corridors is discussed below
and it is important to note that this includes lorries associated with sites
where river transport would not be used, as well as those where river
transport forms part of the Transport Strategy.

A2 corridor

For the Transport Strategy scenario, it is estimated that there would be a
maximum annual average daily flow of approximately 180 construction
lorries travelling in each direction on the A2, or a total of 360 construction
lorry movements a day on that route. For the ABR (1 month) scenario,
this figure would increase to a maximum annual average daily flow of
approximately 200 construction lorries travelling in each direction on the
A2, or a total of 400 construction lorries a day on that route. The effect of
the ABR (1 month) scenario would therefore be to increase annual
average daily construction lorry flows on the A2 corridor by approximately
20 lorries in each direction, or 40 lorry movements in total. This is the
upper estimate of flows that could occur.

A205 corridor

For the Transport Strategy scenario, it is estimated that there would be a
maximum annual average daily flow of approximately 50 construction
lorries travelling in each direction on the A205, or a total of 100
construction lorry movements a day on that route. For the ABR (1 month)
scenario, this figure would increase to a maximum annual average daily
flow of approximately 104 construction lorries travelling in each direction
on the A205, or a total of 208 construction lorry movements a day on that
route. The effect of the ABR (1 month) scenario would therefore be to
increase annual average daily construction lorry flows on the A205
corridor by approximately 54 lorries in each direction, or 108 lorry
movements in total. This is the upper estimate of flows that could occur.

Air quality assessment

Additional dispersion modelling undertaken at Kirtling Street and
Chambers Wharf for the local highway network ABR (1 month) scenario
indicates that this scenario would not result in any change to the
significance of effects described in the site volumes of the Environmental
Statement respective site Volumes Section 4.

According to the threshold used for the project-wide assessment
(Environmental Statement, Vol 2 Section 4) taken from the DMRB
assessment methodology (see para. J.1.27), an increase of 200 heavy
duty vehicles (HDVs) a day requires an assessment. Given that both the
A2 and the A205 exceed the DMRB threshold, NO, concentrations have
been predicted at sensitive receptors located along these corridors. No
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other road corridors are likely to experience an increase of 200 heavy duty
vehicles a day with the ABR (1 month) scenario.

In relation to the strategic road network A2 corridor, an increase of 40
AADT of heavy duty vehicles on the A2 for the ABR (1 month) scenario
compared to the Transport Strategy (or an additional 400 AADT HDVs
compared to the base case) is likely to be, at most, 0.2 ug/m* higher than
the NO, impacts predicted for the project-wide assessment contained in
the Environmental Statement (Vol 3 Section 4) or an increase of 1.5 pg/m?
compared to the base case. For the strategic road network A205 corridor,
an increase of 108 AADT of heavy duty vehicles on the A205 for the ABR
(2 month) scenario compared to the Transport Strategy (or an additional
208 AADT HDVs compared to the base case) relates to a maximum NO»
impact of 1.1 ug/m*® compared to the Transport Strategy or 1.2 pg/m?
compared to the base case.

Using the significance criteria for the ABR (1 month) scenario as described
in the Environmental Statement (Vol 2 Section 4), the impacts on the A2
would be unchanged from those reported in the Environmental Statement
(Vol 3 Section 4). For the A205 they are considered to be of a small
magnitude and a minor adverse significance for the ABR (1 month)
scenario and negligible magnitude and significance for the Transport
Strategy. All other road corridors do not exceed the DMRB threshold thus
a negligible air quality impact is expected.

Overall, the ‘ABR (1 month)’ scenario does not result in any material
change to the effects identified in the site specific and project-wide air
quality assessments as reported in the Environmental Statement.
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AAWT analysis

Vol 3 Table J.3 and Vol 3 Table J.4 show that for Thames Tideway Tunnel
lorry traffic only, the AAWT figures for the Transport Strategy scenario
range between 13 movements (at Cremorne Wharf Depot) and 190
movements (at Kirtling Street) per day. For the ABR (1 month) sensitivity
test, the equivalent daily figures, averaged across a 12 month period
including the single month of ‘all by road’ operation, range from 15
movements (at Cremorne Wharf Depot) to 241 movements (at Kirtling
Street) per day.

Vol 3 Table J.3 also shows the average weekday number of lorry
movements in the busiest month of the Transport Strategy and ‘ABR (1
month) scenarios. These figures are termed ‘peak daily flows’ in the table
and have been derived by examining the total number of lorry movements
expected in the busiest month in each case, and averaging them across
22 weekdays in that month.

Noise and vibration assessment

Changes in peak daily HGV composition relative to the base case for the
peak month of each scenario have been determined to consider the
realistic worst-case change on any link around the sites along which
construction traffic would pass. The percentage changes in HGV
composition relative to base case are shown in brackets in Vol 3 Table
J.5. Putney Bridge Foreshore and King Edward Memorial Park show
increases of greater than 5% in HGV composition relative to the base case
(associated approximately with a >1dB change in traffic noise). Only
Chambers Wharf shows increases in HGV composition greater than 20%
(associated approximately with a >3dB change in traffic noise).

Vol 3 Table J.5 shows the percentage of additional movements that these
peak daily figures represent, when added to a range of ‘base case’ AAWT
figures.

Considering a minimum base case AAWT of 2,000 vehicles an hour and a
threshold of a 25% change in AAWT for even a 1dB increase in traffic
noise, Vol 3 Table J.5 shows that only Kirtling Street and Chambers Wharf
show changes over 25% for the ABR (1 month) scenario.

Overall, the ‘ABR (1 month)’ scenario does not result in any material
change to the effects identified in the site specific and project-wide noise
and vibration assessments as reported in the Environmental Statement.

Volume 3 Appendices: Project- Appendix J: Transport Page 13
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Summary and conclusions

J.1.56 Vol 3 Table J.6 summarises where the selected thresholds would be
exceeded at individual sites for the Transport Strategy and the ‘ABR (1
month)’ sensitivity test.

Vol 3 Table J.6 Summary of significant changes to AADT and AAWT

Site AADT AAWT
Transport ‘ABR (1 Transport ‘ABR (1
Strategy month)’ Strategy month)’
sensitivity test (AAWT) sensitivity test
Putney None None None None
Embankment
Foreshore
Carnwath Road None None None None
Riverside
Cremorne Wharf None None None None
Depot
Chelsea None None None None
Embankment
Foreshore
Kirtling Street None None None None
Heathwall Pumping | None None None None
Station
Albert Embankment | None None None None
Foreshore
Victoria None None None None
Embankment
Foreshore
Blackfriars Bridge None None None None
Foreshore
None None None >20% increase
in HGV
composition,
Chambers Wharf associated with
approx >3dB
increase in
traffic noise.
King Edward None None None None
Memorial Park

J.1.57 To place the summary results in Vol 3 Table J.6 in the context of the
strategic road network in the vicinity of the main tunnel drive sites (ie those
which would generate most lorry traffic in the absence of river transport):
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J.1.58

J.1.59

a. at Carnwath Road Riverside, typical AADT figures on Wandsworth
Bridge Road are in the order of 40,000 vehicles per day, which implies
that increases due to the project should be well below 5% of this figure
irrespective of the ‘ABR (1 month)’ sensitivity test

b. at Kirtling Street, typical AADT figures on Nine Elms Lane are in the
order of 33,000 vehicles per day, which implies that increases due to
the project should be well below 5% of this figure irrespective of the
‘ABR (1 month)’ sensitivity test

c. at Chambers Wharf, typical AADT figures on Jamaica Road are in the
order of 23,000 vehicles per day, which implies that increases due to
the project should be well below 5% of this figure irrespective of the
‘ABR (1 month)’ sensitivity test.

d. theincrease in traffic at the Chambers Wharf site during the ‘ABR (1
month)’ scenario indicates an exceedance of more than 3dB which
would be potentially significant. However, for a worst-case duration of
one month, this is assessed as not significant.

The largest changes in either flow or %HGV relative to the most lightly
trafficked links around the site have been identified in order to determine
worst-case effects. For the connecting major feeder roads (eg A2 or
A205) the proportionate changes would be considerably less than those
worst-case changes identified around the individual sites. On both the
local and strategic road networks the changes arising from the ‘ABR (1
month)’ scenario are classified as not significant due to the short duration
of the ABR month.

On this basis it is concluded that changes in the AADT/AAWT figures as a
result of the ‘ABR (1 month)’ scenario would not be significant and
therefore the effects on air quality and noise and vibration would not be
materially different from those presented in Vol 4-27 Sections 4 and 9 of
the Environmental Statement.
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Appendix K: Water resources — groundwater

K.1 Groundwater environmental monitoring strategy

Introduction

K.1.1 The Thames Tideway Tunnel Project will install a tunnel to transfer
sewage from the most polluting combined sewer overflows (CSO) through
central London to Beckton Sewage works. The tunnel extends from
Ealing in the west, to Newham in the east and Greenwich in the south
east. It is proposed to construct twenty four shafts both to facilitate the
construction of the tunnel and to connect the tunnel to the CSOs.

K.1.2 The Environment Agency (EA) has requested that a groundwater
monitoring strategy be included with the Environmental Statement for the
project as required within any Development Consent Order (DCO). The
results of the monitoring outlined in this strategy would be periodically
reported via a Groundwater environmental monitoring report which would
be issued to the EA for approval.

Objectives

K.1.3 The objective of this document is to set out a strategy to monitor the
effects of the proposal on groundwater quality and quantity in the upper
and lower aquifer throughout construction and operation of the Thames
Tideway Tunnel. This includes measures to monitor the following:

a. mobilisation and migration (with the prevailing groundwater flow) of
constituents (ie in grout mixes) used in tunnel/ shaft construction which
have a contaminative potential, both during construction and in the
long term

b. increased turbidity in groundwater due to the physical action of
tunnelling construction within the chalk, and subsequent migration with
the prevailing groundwater flow

seepage from the tunnel on groundwater quality

mobilisation of contaminants by the creation of alternative pathways,
or significantly altering existing pathways

e. changes in water quality and levels as a result of dewatering.

K.1.4 This report outlines the strategy for the installation and monitoring of
existing and additional monitoring holes for baseline, construction, post-
construction and long-term monitoring, and identifies generic mitigation
measures in the event of significant exceedences in groundwater quality
during and post construction.

K.1.5 The strategy has been developed in consultation with the EA. A number
of iterations of this document have been produced during the pre-
application period. These iterations have taken into account feedback from
the EA. It is possible that further changes to the monitoring network would
be required. Any changes would be agreed with the EA prior to

Volume 3: Appendices: Appendix K: Water resources — Page 1
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K.1.6

K.1.7
K.1.8

K.1.9

K.1.10

K.1.11

K.1.12

K.1.13

K.1.14

implementation and would be reported in an updated version of this
document.

Scope of groundwater monitoring

Monitoring of construction and operational effects are embedded in the
environmental design of the project through the application of this
groundwater environmental monitoring strategy. The monitoring includes
groundwater levels and groundwater quality. The monitoring regime
described in the report will be developed during the life of the project in
order to ensure that the project can identify and respond to changes in
groundwater levels or groundwater quality as a result of any changes in
the design and/or the site conceptual model.

Baseline groundwater monitoring
Baseline groundwater quality monitoring will continue prior to construction.

The pre-construction baseline will inform the setting of trigger levels, both
quality and levels for the construction monitoring phase.

Construction monitoring

Construction groundwater quality monitoring will be undertaken during all
phases of construction of the Thames Tideway Tunnel project.

At the end of construction, a start of operation baseline will be established
against which the operational phase monitoring will be assessed.

Operational monitoring

Operational groundwater quality monitoring may be undertaken throughout
the operational life of the Thames Tideway Tunnel. The intensity and
frequency of operational monitoring would be agreed with the EA
periodically.

Structure of document

Part A of this document contains the Thames Tideway Tunnel project
context, the proposed construction methods, the geology to be
encountered and the source-pathway-receptor model.

Part B gives details of the monitoring network, the measurement
procedures and the suites of determinands to be analysed. The
organisations most likely to be responsible for the delivery of the
monitoring and reporting for the pre-, during construction and operation of
the Thames Tideway Tunnel project are also included here.

Part A
Project context
Project layout

The proposed tunnel alignment and locations of the shafts are shown in
Vol 3 Figure K.1.1 (see separate volume of figures).

Volume 3: Appendices: Appendix K: Water resources — Page 2
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Shaft construction

K.1.15  The Thames Tideway Tunnel would require the construction of 24 shafts,
and associated shallow infrastructure, at 23 sites (two shafts would be
required at Beckton Sewage Treatment Works).

K.1.16 The depth of the shafts would depend on their location with shaft depth
becoming deeper from west to east. Where a shaft, and associated
shallow infrastructure, would interact with the lower aquifer, dewatering
would be required to enable construction. The construction methods likely
to be employed at each shaft site are described in Vol 3 Table K.1.

Volume 3: Appendices: Appendix K: Water resources — Page 3
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K.1.17

K.1.18

K.1.19

K.1.20

Shaft dewatering

No dewatering of the upper aquifer would be required for construction of
the drop/main tunnel shafts or the tunnel route due to planned piling,
segmental shaft or diaphragm walls to seal out the River Terrace Deposits.

Groundwater levels would have to be lowered in the vicinity of the central
and eastern area shafts by dewatering of the lower aquifer to allow
construction of the main tunnel shafts and CSO drop shafts. These areas
are where either construction activities extend down into the lower aquifer
or where the construction activities come close enough to the lower
aquifer for them to be affected by the groundwater under high pressure,
potentially causing heave effects (uplift). No dewatering is anticipated to
be required for the construction of the main tunnels. Connection tunnels in
the central section would require dewatering or depressurisation. The
dewatering proposed at the shaft sites associated with these connection
tunnels (at Cremorne Wharf Depot, Chelsea Embankment Foreshore,
Heathwall Pumping Station, Albert Embankment Foreshore and Victoria
Embankment Foreshore) would be sufficient for the construction of the
connection tunnels.

Tunnel construction

The elements of construction for the proposed development, relevant to
the consideration of groundwater includes:

a. A main tunnel approximately 25km in length and extending from Acton
Storm Tanks to Abbeys Mills Pumping Station, with the following drive
strategy:

i 6.5m internal diameter (ID) main tunnel driven from Carnwath
Road Riverside to Acton Storm Tanks

i 7.2m ID main tunnel driven from Kirtling Street to Carnwath Road
Riverside

i 7.2m ID main tunnel driven from Kirtling Street to Chambers Wharf
iv 7.2m ID main tunnel driven from Chambers Wharf to Abbey Mills.
b. Two long connection tunnels, with the following dimensions:

v 5.0m ID 4.6km Greenwich connection tunnel driven from
Greenwich Pumping Station to Chambers Wharf

vi 2.6m to 3m ID 1.1km Frogmore connection tunnel driven from
Dormay Street north to the main tunnel at Carnwath Road
Riverside and south to King George’s Park.

c. Nine short connection tunnels totalling approximately 1.2km which
would be constructed in the London Clay and the Lambeth Group.

Geology
Regional geology

The regional geology of the London Basin is summarised in Vol 3 Table
K.2.

Volume 3: Appendices: Appendix K: Water resources — Page 6
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K.1.21

K.1.22

K.1.23

Vol 3 Table K.2 Regional Geology (solid strata) of the London Basin

Era Group Formation Approx
Thickness (m)

Palaeogene | Thames Bagshot Formation 10-25
Claygate Member 30-90
London Clay
Harwich Formation 0-10

Lambeth Woolwich and Reading |10-20

Beds
Upnor Formation 5-7
Thanet Sands 0-30
Cretaceous |Chalk 180-245

(Source: BGS Memoir Geology of London 2004)

Not all formations are represented throughout the London Basin and

superficial deposits comprising Alluvium, Terrace Gravels, Brickearth and
Peat are often present, and these may be overlain or replaced by Made

Ground.

geology at each shaft site.

Tunnel alignment geology

sequence of sedimentary strata from the London Clay Formation for
approximately 12,000m then through the Lambeth Group (6,400m),
Thanet Sands Formation (600m) and finally into the Chalk Group

The route of the main tunnel would pass from west to east through a

The following sections describe the anticipated tunnel geology and the

(6,100m). This sequence is shown in Vol 3 Table K.3 and in Vol 3 Figure

K.1.1 (see separate volume of figures).

Volum

e 3: Appendices: Appendix K: Water resources —
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Vol 3 Table K.3 Geology of Main Tunnel and Connection Tunnel Sections

K.1.24

Tunnel Tunnel Approx. | Approx.
Geology chainage m | Chainage m | m ATD | m ATD
(start) (end) (start) (end)
Main Tunnel — Acton Storm Tanks to Abbey Mills
London Clay 0 9150 75 61
Lambeth
Group 9150 16700 61 51
Thanet Sands 16700 18850 51 51
Chalk 18850 25150 51 49
Greenwich Connection Tunnel - Chambers Wharf to
Greenwich Pumping Station
Chalk 0 4600 49 59
Frogmore Connection Tunnel — King George’s Park to
Carnwath Road Riverside
London Clay 0 1120 83 55

Shaft geology

Of the twenty three shafts, eight shafts would extend down into the

London Clay Formation, seven into the Lambeth Group and eight into the
Thanet Sands/ Seaford Chalk. The geology and hydrogeology at these
sites are summarised in Vol 3 Table K.4.

Vol 3 Table K.4 Geology at base of Shaft Sites

Approx.
. Shaft
Site Name Depth Geology
(m)

Acton Storm Tanks 30.8 London Clay Formation
Hammersmlth Pumping 32.6 London Clay Formation
Station
Barn Elms 33.8 London Clay Formation
II:utney Embankment 36.2 London Clay Formation

oreshore
Dormay Street 23.6 London Clay Formation
King George's Park 20.4 London Clay Formation
C_arnw_ath Road 42.3 Lambeth Group
Riverside
Falqonbrook Pumping 40.1 London Clay Formation
Station

Volume 3: Appendices:

Project-wide effects assessment
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Approx.
Shaft
Depth

(m)

Cremorne Wharf Depot 42.1 London Clay Formation

Site Name Geology

Chelsea Embankment

Foreshore 45.5 Lambeth Group

Kirtling Street 47.6 Upnor Formation

Heathwall Pumping
Station

Albert Embankment
Foreshore

46.3 Lambeth Group

47 .1 Upnor Formation

Victoria Embankment

Foreshore 49.5 Lambeth Group

Blackfriars Bridge
Foreshore

Chambers Wharf 57.3 Chalk

King Edward Memorial
Park Foreshore

Earl Pumping Station 50.4 Chalk
Deptford Church Street 47.8 Chalk

53.3 Thanet Sands Formation

60.3 Chalk

Greenwich Pumping

Station 45.9 Chalk

Abbey Mills Pumping 66.8 Chalk

Station :

Beckton Sewage

Treatment Works - 32.0 Upnor Formation

Drive Shaft

Beckton Sewage

Treatment Works - 30.0 Thanet Sands Formation

Reception Shaft

Hydrogeology

K.1.25 The Chalk is the main aquifer of the London Basin and is confined over
much of the area by the Tertiary formations (the Lambeth Group and
Thanet Sands) and superficial deposits (Alluvium and River Terrace
Deposits). The Chalk is classified by the EA as a Principal Aquifer. The
Upnor Formation, Thanet Sands and Chalk are referred to as the lower
aquifer.

K.1.26 The most permeable superficial deposits, the River Terrace Deposits, are
referred to as the upper aquifer and are classified by the EA as a
Secondary A Aquifer. The Alluvium, overlying the River Terrace Deposits,

Volume 3: Appendices: Appendix K: Water resources — Page 9
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K.1.27

K.1.28

K.1.29

K.1.30

K.1.31

K.1.32

K.1.33

K.1.34

K.1.35

may act as confining layer for the upper aquifer at certain locations. At
other locations, the Alluvium may be in hydraulic continuity with the upper
aquifer.

The upper and lower aquifers are generally hydraulically separated by the
London Clay Formation. The London Clay Formation is considered to act
as an aquiclude between the upper and lower aquifers. Any groundwater
present in a majority of the London Clay Formation is likely to consist of
localised seepages and/or minor flows. The London Clay Formation is
absent or less than 1m thick at the King Edward Memorial Park, Earl
Pumping Station, Deptford Church Street and Greenwich Pumping Station
shaft sites and therefore in these locations, depending on local conditions,
the upper and lower aquifers may be in hydraulic continuity.

The Harwich Formation is present across much of the assessment area
and is considered to form a minor aquifer unit where it is isolated from the
lower aquifer by the Lambeth Group.

Within the Lambeth Group, several confined groundwater bodies are
expected to be encountered. Groundwater is expected to be present
through the Upper Shelly Beds and Upper Mottled Beds (potentially small
inflows) and under high pressure within the Laminated Beds (formerly part
of the Woolwich Formation).

The Thanet Sands and the Upnor Beds (lower unit of the Lambeth Group)
are known as the ‘Basal Sands’ and are in hydraulic continuity with the
Chalk aquifer beneath London. The Basal Sands is classified by the EA
as a Secondary Aquifer.

The regional direction of groundwater flow within the London Basin is
towards a point of low piezometric levels within central London. However,
the groundwater gradient may be affected locally by abstractions,
particularly during peak demand periods associated with major licences.

There are limited monitoring boreholes within the upper aquifer and at
most shaft sites it has not been possible to accurately determine the
direction of groundwater flow at these depths; however, it is likely to be
local and towards the River Thames due to surrounding topography.

The Chalk groundwater level is shown in Vol 3 Figure K.1.1 (Environment
Agency, 2011) (see separate volume of figures). The lower aquifer is
likely to be confined and the tunnel is likely to be below the water table of
the lower aquifer as it passes from the Lambeth Group into the Thanet
Sands.

Licensed abstractions

There is one EA licensed abstraction (28/39/39/0225) from the upper
aquifer located within 1km of the proposed shaft sites and the tunnel route.
This licensed abstraction abstracts from the River Terrace Deposits.

There are 40 EA licensed abstractions from the lower aquifer either
located within 1km (where abstractions are identified to be of particular
importance and are beyond a kilometre from the tunnel they have been
considered) of the proposed shaft sites or the tunnel route. The licensed
abstraction sources listed in Vol 3 Table K.5 all abstract from the lower

Volume 3: Appendices: Appendix K: Water resources — Page 10
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aquifer. In addition, there is one source in the upper aquifer, located in the
central area which is used for industrial, commercial and public service
purposes. The abstractions from the lower aquifer are summarised in
table below

Vol 3 Table K.5 EA licensed abstractions from the lower aquifer

Area Licence purpose No. of licences

Drinking water supply | 11

GSHP (heat pump or 12
cooling)

Central Industrial, commercial | 4

& public service
(process water or
irrigation)

Drinking water supply
GSHP (cooling)

Eastern | Industrial, commercial
& public service
(amenity top up water
or horticultural)

K.1.36 There are three unlicensed abstractions from the Chalk aquifer located
within 1km of the shaft sites and tunnel route, based on information
provided by the London Boroughs. One of these unlicensed sources is
used for drinking water supply and the purpose of the remaining two is
unknown.

Source protection zones

K.1.37 The EA defines Source Protection Zones (SPZ) around all public water
supply abstractions sources and large licensed private abstractions in
order to safeguard groundwater resources from potentially polluting
activities. SPZs are split into three zones: an SPZ 1 defined as a 50 day
travel time to a source; an SPZ 2 defined as a 400 day travel time to a
source; and an SPZ 3 represents the total catchment zone of a source.

K.1.38 The proposed Kirtling Street and Heathwall Pumping Station shaft sites
are located within SPZ 1 associated with the Thames Water Battersea
public water abstraction.

K.1.39 The proposed Deptford Church Street shaft is located within SPZ 3 of the
Thames Water Deptford public water abstraction. Greenwich Pumping
Station shaft is located within SPZ 1 of the Deptford abstraction.

K.1.40 The tunnel crosses SPZ 1 and 2 associated with the Battersea
abstraction, and passes in close proximity to the SPZ 1 associated with
the Mantilla Ltd Dolphin Square private water supply.

Volume 3: Appendices: Appendix K: Water resources — Page 11
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K.1.41 The tunnel passes through SPZ 1 and 2 associated with the Thames
Water Deptford abstraction between Earl and Greenwich Pumping Station
shafts .

Pollutant linkages
Sources of contamination
Made ground

K.1.42 The proposed development will involve the removal of the Made Ground
from within the footprint of the shaft as part of the development of the
shafts. Itis considered that the potential sources of contamination would
be removed, subject to the findings of the Quantiative Risk Assessments
to be undertaken for each site.

Upper aquifer

K.1.43 The baseline groundwater quality data have been sourced from the
ground investigation and monitoring works undertaken as part of the
Thames Tideway Tunnel project and compared to UK drinking water
standards and relevant Environmental Quality Standards (EQS).

K.1.44 Widespread existing groundwater contamination has been identified within
the River Terrace Deposits (or upper aquifer). Vol 3 Table K.6
summarises pollutants detected to date.

Vol 3 Table K.6 Elevated Concentrations of Determinands within upper aquifer

Locations Response Detected determinands*

(nearest shaft) el Zone Strata
1,1,1 — Trichloroethane,
Benzene, Diuron,
Trichloroethene, Xylene,
Acton Storm Tanks SA4302 ALV Nickel

Carbendazim, Carbetamide,

Chelsea Embankment Chlortoluron, Cypermethrin,

Foreshore PR1088U RTD Diuron, Mercury, Xylene,

Benzene, Benzo[a]Pyrene,

Heathwall Pumping PR1085 ALV | Cadmium, Mercury,

Station Aluminium, Lead
Benzene, Cadmium,
Cypermethrin, Mercury,
King Edward Memorial Xylene, Aluminium, Arsenic,
Park SR1033A RTD Chromium, Lead, Nickel,
Zinc
Bell Lane Creek SR1108 RTD Benzene, Bromate,
Volume 3: Appendices: Appendix K: Water resources — Page 12
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Locations Borehole Response Detected determinands*
(nearest shaft) Zone Strata
(Dormay Street) Chloroform, Clopyralid,
Mercury, Xylene
(Carnwath Road SR1102A RTD ypern ’ Y.
. . Trietazine, Xylene, Arsenic,
Riverside) .
Nickel
Bridge Court Car Park Benzene, Dalapon,
(Falconbrook Pumping SA1099A RTD Mercury, Trichloroethene,
Station)
Anthracene, Benzene,
SS"%\%‘:‘%% Fluroanthene, Naphthalene,
Earl Pumping Station RTD Phenol, Polycyclic Aromatic
and
SR4118 Hydrocarbons (PAH) and

Xylene

*Non-hazardous substances are listed where they have breach their respective standard.

Lower aquifer
K.1.45

Several ‘hotspots’ of groundwater contamination have been identified

within the Thanet Sands and the Chalk (lower aquifer), around the central
and eastern shaft sites. This contamination is spatially variable and
indicative of poor groundwater quality near the shaft sites and the tunnel
route. Vol 3 Table K.7 summarises pollutants detected to date.

K.1.46

Approximately ten sites (out of total of 13 central and eastern sites) are

known to be or expected to be contaminated within the lower aquifer.

K.1.47

In addition, elevated baseline levels of salinity are present within the upper

and lower aquifers along the eastern part of the main tunnel route and
around the eastern shaft sites. The occurrence of brackish conditions is to
be expected given the close proximity of the tunnel route to the tidal

Thames.

Vol 3 Table K.7 Elevated Concentrations of Determinands within lower aquifer

. Response Detected determinands*
Locations Borehole
Zone Strata
Benzo[a]Pyrene,
Carbendazim, Chlortoluron,
Chelsea Embankment Diuron, Mercury, Aluminium,
Foreshore Arsenic
SR1089 TSF
Benzene, Benzo[a]Pyrene,
Carbendazim,
_ . Cypermethrin, Diuron,
Blackfriars Bridge Mercury, PAHs, Toluene,
Foreshore SR1061A TSF

Xylene, Aluminium, Lead,

Volume 3: Appendices:
Project-wide effects assessment
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Locations

Response

Borehole Zone Strata

Detected determinands*

Molybdenum, Titanium, Zinc

King Edward Memorial
Park

SR1033H Chalk

Benzo[a]Pyrene, Mercury,
Xylene,

Earl Pumping Station

SR1048 Chalk

Benzene, Benzo[a]Pyrene,
Cypermethrin, Mecoprop,
Mercury, PAHs, Toluene,
Xylene, Aluminium, Barium,
Tin, Titanium

Greenwich Pumping
Station

SR1024 Chalk

Atrazine, Benzo[a]Pyrene,
Cadmium, Cypermethrin,
Dichlorprop, Diuron,
Mercury, Xylene,
Aluminium, Barium, Tin,
Titanium

Kings Stairs Garden
(near Chambers Wharf)

SR1055 Chalk

Benzene, Cadmium,
Mercury, PAHs, Toluene,
Xylene, Arsenic, Barium,
Lead, Nickel, Titanium

Abbey Mills to King
Stairs Route

SR3007 Chalk

1,2 — Dichloroethane,
Benzene, Benzo[a]Pyrene,
Mercury, PAHSs, Toluene,
Xylene, Aluminium, Lead,
Titanium

Earl Pumping Station

SA6451 &
SA6455

TSF

Anthracene, Benzene,
heavy metals, Naphthalene,
Phenol, PAHs and Xylene

*Non hazardous substances listed where they have breach their respective standards.

Construction materials

K.1.48

There is the potential for construction materials to come into contact with

groundwater. As outlined in the CoCP, approval will be sought from the
Environment Agency regarding all materials prior to use. As part of the
approval process a risk assessment will be undertaken to determine
whether the materials pose a risk of polluting groundwater. The materials
that may be used and have the potential to act as sources of pollution

include:
a.

b. Diaphragm Wall and Base Slab Concrete

C.

Bentonite Support Fluid for Diaphragm Wall

Shaft/ Tunnel Grout and Tail Skin Sealant.

Volume 3: Appendices:
Project-wide effects assessment
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K.1.49

K.1.50

K.1.51

K.1.52

K.1.53

K.1.54

Tunnel seepage

Seepage of CSO discharges during operation of the tunnel has the
potential to act as a source of pollution.

Groundwater quality monitoring will be introduced at each shaft site prior
to construction and in between certain shaft sites. Depending on the
shaft/tunnel construction depths, monitoring of the upper aquifer and
(where relevant) the lower aquifer water quality will be required to form a
comprehensive baseline suite. Section K.1.56 discusses and elaborates
on the need for groundwater quality monitoring locations across the
project area.

Pathways

There is the potential for a direct pathway to the lower aquifer at the
following shaft sites:

a. Blackfriars Bridge Shaft which penetrates the Thanet Sands

b. Chambers Wharf, King Edward Memorial Park, Earl Pumping Station,
Deptford Church Street, Greenwich Pumping Station, and Abbey Mills
Pumping Station shafts, all within the Chalk

c. Kirtling Street and Albert Embankment Foreshore, whose base slabs
are within the Upnor Formation.

No other potential direct pathways to the lower aquifer have been
identified in Appendix K.1.

Receptors

The main receptors are the upper aquifer (River Terrace Deposits), lower
aquifer, and the various Chalk abstractions, including commercial,
industrial, drinking water abstractions and ground source heat pump
schemes.

Part B

Monitoring strategy
Objectives and rationale

Based on the source-pathway-receptor linkages identified above,
monitoring of groundwater in the lower aquifer is proposed to enable the
following:

a. Collection of groundwater level data pre-, during construction and
operation to provide a baseline and to assess whether the tunnel and
shafts have significantly impacted groundwater flow during
construction and operation.

b. Collection of groundwater quality samples pre-construction to:

i Establish baseline groundwater quality and identify trends and
determine trigger levels, where possible

c. Collection of groundwater quality samples during construction, and
operation, to establish whether:

Volume 3: Appendices: Appendix K: Water resources — Page 15
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K.1.55

K.1.56

K.1.57

K.1.58

K.1.59

i mobilisation and migration of constituents in grout/ lubricant mixes
has taken place

i increases in turbidity in groundwater due to the physical action of
tunnelling construction within the chalk can be detected

i significant changes in water quality as a result of dewatering and
tunnel seepages have occurred

Before reviewing the monitoring deliverables in each of the three phases,
a summary of the monitoring network and methodologies to be used is
given.

Proposed monitoring holes

44 groundwater monitoring locations have been selected along the tunnel
alignment to satisfy the above objectives. The locations of the boreholes
have been chosen based on the tunnel/ shaft geology, anticipated
groundwater flow directions during abstraction, proximity to groundwater
abstractions, and groundwater quality. They also take into account
existing third part monitoring locations, for example EA and Thames Water
Monitoring boreholes.

The borehole locations are shown in Vol 3 Figure K.1.1 (see separate
volume of figures). The purpose and justification of each borehole is
summarised in Vol 3 Table K.8.

The network of monitoring holes will be reviewed following further site
investigation currently being undertaken for the Thames Tideway Tunnel
project. For example, if a sufficient thickness of clay in the Lambeth
Group is present below the base of the shafts at Kirtling Street, Heathwall
Pumping Station, Albert Embankment Foreshore and Victoria
Embankment Foreshore and the risks of the construction of the shaft
polluting the lower aquifer is shown to be negligible then monitoring of the
lower aquifer at these locations may not be necessary.

It is recommended that a groundwater level recorder/logger be installed
within the Thanet Sands and/or Chalk where it is proposed to dewater and
where the borehole is positioned to monitor the impacts of construction on
a licensed abstraction.

Volume 3: Appendices: Appendix K: Water resources — Page 16
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K.1.60

K.1.61

K.1.62

K.1.63

K.1.64

K.1.65

K.1.66

K.1.67

K.1.68

Borehole construction will be in accordance with: BS ISO 5667-22: 2009
“Water Quality — Sampling — Part 22: Guidance on the design and
installation of groundwater monitoring points”

The deep boreholes are intended to measure water levels in, and enable
sample collection from the lower aquifer. This comprises Thanet Sands
overlying the Chalk aquifer.

The shallow boreholes are intended to measure water levels and
groundwater quality of the upper aquifer in the vicinity of the shafts.

The deep borehole well screens will be installed within either the Chalk or
Thanet Sands using a minimum screen length of 10m. A bentonite seal
will be used through the Made Ground, Lambeth Group, Upnor Formation
and Thanet Sands to ensure that no contamination pathway is created
between the lower and the upper aquifers. For the same reason, standard
practice aquifer protection methods will be employed during drilling.

All construction details will be provided once installation has been
completed.

Sample collection methodology
General

Groundwater will be sampled in accordance with BS ISO 5667-11: 2009
“Water Quality — Sampling — Part 11: Guidance on sampling of
groundwaters”.

Data loggers

Data loggers will be installed within trigger monitoring boreholes to record
measurements of water level, pH, temperature, electrical conductivity, and
turbidity at 1 hour intervals.

Groundwater

Groundwater samples will not be collected from monitoring holes until the
standing water/stagnant water has been purged/removed, to ensure that
the groundwater sample collected is representative of groundwater within
a given formation. Prior to purging the well on first sampling visit, a dip
meter will be used to establish the groundwater level.

Some groundwater chemistry parameters are unstable and are liable to
change during sample collection, handling, transport and storage.
Representative readings of the following parameters will be taken in the
field, before the samples are placed in suitable containers:

a. pH value

Electrical Conductivity (uS/cm)
Redox Potential

Dissolved Oxygen (%)

© oo o

Temperature (°C).
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K.1.69

K.1.70

K.1.71

K.1.72

K.1.73

K.1.74

K.1.75

K.1.76

KA.77

K.1.78

Monitoring frequency
Baseline

It is proposed to monitor and sample the monitoring holes on a quarterly
basis in the year before construction starts and analyse for the parameters
identified in Vol 3 Table K.9. Any new boreholes be sampled and a
comprehensive suite of analysis completed using the long list (see Annex
A).

Data loggers will be used to monitor water level, pH, temperature,
electrical conductivity, turbidity (if the shaft/ tunnel is within the Chalk) at 1
hour intervals to provide a pre-construction baseline.

Construction

It is proposed to monitor water level, pH, temperature, electrical
conductivity, and turbidity (if the shaft/ tunnel is within the Chalk) at 1 hour
intervals.

Monthly borehole monitoring of groundwater quality will be undertaken
using the parameters identified in Vol 3 Table K.9.

If dewatering is required at a shaft site weekly monitoring of discharge
water (in-line tap) will be undertaken using the parameters identified in Vol
3 Table K.9.

Operation

It is proposed to monitor water level, pH, temperature, electrical
conductivity, and turbidity (where the shaft/ tunnel is within the Chalk) at 1
hour intervals for a period of up to 12 months.

Quarterly monitoring of groundwater quality will be undertaken using the
parameters identified in Vol 3 Table K.9 for a period of up to 12 months
and reported with two months.

Long term

Annual monitoring of groundwater will be undertaken using the parameters
identified in Vol 3 Table K.9, or a reduced suite and frequency will be
agreed with the EA.

Determinands for analysis

The list of determinands for analyses has been developed in consultation
with the EA. It is proposed that the list of determinands are used to define
baseline groundwater quality for the Thames Tideway Tunnel project.
Baseline monitoring will be an iterative process, the first round of
monitoring at any borehole would use an extended list, the “long list” (see
Annex A), to define baseline conditions. This list consists of around 300
substances and Gas Chromatography Mass Spectrometry scans to
identify additional parameters.

Subsequently, a Thames Tideway Tunnel specific substance list (the
Project list), consisting of approximately 80 substances (including field
parameters, major and minor ions, metals, herbicides, pesticides, Poly-
Aromatic Hydrocarbons (PAH), phenols, solvents, urons and pyrethroids)
would be applied. The Project list is summarised in Vol 3 Table K.9.

Volume 3 Appendices: Appendix K: Water resources — Page 22
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K.1.79 Those additional substances detected from the long list sampling will be
added to the Project list for on-going monitoring. Once the construction
materials have been identified (ie grouts, tail skins sealant) the Project list
will be further updated. The Project list is not definitive and will routinely

be reviewed and updated.

Vol 3 Table K.9 Determinands for analysis — Project list

Limit of
Determinands Detection Units

Calcium <7.4 mg/|
Magnesium <0.1 mg/I
Sodium <25 mg/I
Potassium <0.75 mg/|

N <4 mg/l as
Alkalinity (Carbonate) CaCO3
Alkalinity (Bicarbonate) <10 mg/I
Chloride <0.05 mg/|
Sulphate <1.7 gg/‘ll >

Extra over Item B to undertake Suite 1 (WS1)
Testing

1,1,1-Trichloroethane <1.3 Mg/l
1,1,2-Trichloroethane <2.2 Mg/l
1,2-dichloroethane <1 Mg/l
Ammonia <0.05 mg/l as N
Atrazine <0.003 Mg/l
Bentazone <0.008 Mg/l
Benzene <0.007 Mg/l
Bromate <0.5 pg/l
Carbon tetrachloride <0.07 Mg/l
Chlorfenvinphos <0.009 pg/l
Chloroform <0.6 Mg/l
Cypermethrin <0.005 Mg/l
Diazinon <0.009 Mg/l
Dichloromethane <3 Mg/l
Diuron <0.005 Mg/l
Isoproturon <0.003 Mg/l
Volume 3 Appendices: Appendix K: Water resources — Page 23
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Limit of

Determinands Detection Units
Mecoprop <0.01 Mg/l
Nitrate <0.043 mg/l as N
Pentachlorophenol <0.02 Mg/l
Permethrin-cis+trans <0.01 pg/l
Phenol <0.5 Mg/l
Propetamphos <0.005 Mg/l
Simazine <0.004 Mg/l
Tetrachloroethene (PCE) <0.09 Mg/l
Trichloroethene (TCE) <0.07 pg/l
Xylene-p+m <0.09 Mg/l
Extra over Items B and WS1 to undertake Suite 2

(WS2) Testing
Aluminium <0.012 mg/I
Arsenic <1 Mg/l
Benzo(a)pyrene <0.001 Mg/l
Boron <10 pg/l
Cadmium <15 Mg/l
Carbendazim <0.003 pg/l
Carbetamide <0.006 Mg/l
Chlortoluron <0.004 pg/l
Chromium <0.7 Mg/l
Clopyralid <0.019 Mg/l
Copper <5.5 Mg/l
Cyanazine <0.007 Mg/l
Dalapon <0.05 Mg/l
Dichlorprop <0.011 Mg/l
Fluoride <0.06 mg/I
Glyphosate <0.014 Mg/l
Lead <5 Mg/l
MCPA <0.009 ug/l
Mercury <0.002 Mg/l
Metazachlor <0.008 Mg/l
Nickel <4 Mg/l
Volume 3 Appendices: Appendix K: Water resources — Page 24
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Limit of
Determinands Detection Units
Propazine <0.004 pg/l
Terbutryn <0.003 Mg/l
Trietazine <0.006 Mg/l
Trifluralin <0.01 pg/l
Zinc <5 Mg/l
Others
Barium <2 Mg/l
Iron <0.018 mg/|
Manganese <0.012 mg/|
Molybdeum <5 Mg/l
Strontium <0.29 mg/|
Tin <5 Mg/l
Titanium <16 pg/l
Cypermethrin <0.1 Mg/l
PAH <0.1 pg/l
Ethlybenzene <1 pg/l
Xylene <1 Mg/l
Toluene <0.06 ug/l
Total Petroleum Hydrocarbons (TPH) <10 Mg/l
pH <1 pH units

Note WS1 and WS2 refer to laboratory suites currently used by Thames Tunnel

Generic trigger levels for groundwater quality and levels

K.1.80

The baseline groundwater level and water quality data would be used to

derive trigger levels using statistical techniques for trigger monitoring sites.
The trigger levels would be reported as a range, value ie single reading
available or a step-change ie two readings any significantly different,
depending on the available data, above which the contingency plan would
be activated. If the water quality data is of sufficient quantity the basis for
defining these values would be a full statistical analysis of the baseline
monitoring data, otherwise the range for each parameter will be used. The
water level trigger level would be based on undertaking a risk assessment
and defining a water level at a compliance point. The trigger levels would
be approved by the Environment Agency and would be site specific.

K.1.81

The trigger levels will be used as a guide to determine whether the

contingency plan needs to be activated. During construction it is
anticipated that the groundwater level and quality data will be screened on

Volume 3 Appendices:
Project-wide effects assessment

Appendix K: Water resources —
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a weekly basis. The loggers will measure physical and chemical
parameters as listed in Vol 3 Table K.10.

Vol 3 Table K.10 Data logger physical and chemical parameter monitoring

K.1.82

K.1.83

K.1.84

Test Unit Trigger Basis
Level
pH pH range Range based on baseline
units monitoring
EC (20°C) |mS >value Value based on baseline
/cm monitoring
Turbidity ntu >value Value based on baseline
monitoring
Temperature|°C >Step- Step change based on
change baseline monitoring
Water Level |m >value Value based on baseline
monitoring and impact
assessment

The baseline groundwater quality data would also be used to define site
specific ranges for each determinand in the Project list. The construction
and operational groundwater quality monitoring would be compared with
these ranges to determine whether any exceedances have occurred. If the
data is of sufficient quantity the approach to selecting these ranges would
be based on similar principles to those used for the Lee Tunnel monitoring
statistical analysis ie an early warning level defined as the maximum
recorded result and a maximum exceedance level defined as 1.645
standard deviations above that of the early warning level (Mott
MacDonald, 2010"). If no previous detectionsof non-hazardous
substances have been observed the early warning would be 3 times the
detection limit and the maximum level 5 times the detection limit. The
underlying assumption is that the variation in water quality is normally
distributed. Trigger level for hazardous substances are detections.

Monitoring deliverables

The groundwater monitoring deliverables (at the following project stages:
pre-, during construction and operational phases) are shown below. The
monitoring frequency would be as outlined above.

Baseline groundwater monitoring

Monitoring has been undertaken by the Thames Tideway Tunnel project
and is reported in the Environmental Statement groundwater baseline
monitoring report (in preparation).

Volume 3 Appendices: Appendix K: Water resources — Page 26
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K.1.85

K.1.86

K.1.87

K.1.88

K.1.89

K.1.90

Pre-construction baseline groundwater monitoring

Baseline groundwater quality monitoring will be the responsibility of the
Thames Tideway Tunnel project and would involve:

a. continuous groundwater level, electrical conductivity, temperature, pH
and turbidity using downhole loggers at identified trigger sites

b. quarterly monitoring of a range of organic and inorganic determinands

c. identification of baseline conditions, including trends and trigger levels
of key determinands.

A one-off pre-construction groundwater baseline monitoring report would
be prepared two months ahead of construction, setting out the baseline
conditions and trigger level against which construction monitoring can be
prepared.

Construction monitoring

Construction groundwater quality monitoring will be undertaken by the
contractor(s), which will involve:

a. continuous groundwater level, electrical conductivity, temperature, pH
and turbidity using downhole loggers at trigger sites

b. monthly monitoring of a range of organic and inorganic determinands

c. weekly monitoring of pumped water during dewatering activities of a
range of organic and inorganic determinands

d. comparison of construction monitoring with baseline trends and
identified trigger levels

e. consistency checks on measurements with blank samples and/or inter-
laboratory comparisons.

Regular construction monitoring reports would be produced. A final
Construction Groundwater Environmental Monitoring Report would also be
produced.

Operational monitoring

Operational groundwater quality monitoring would be undertaken by
Thames Water or the infrastructure operator should this be different and
would involve:

a. continuous groundwater level, electrical conductivity, temperature, pH
and turbidity using downhole loggers at trigger sites

b. quarterly monitoring of a range of organic and inorganic determinands
for a period of up to one year

c. comparison of operational monitoring with baseline trends and
identified trigger levels

d. consistency checks on measurements with blank samples and/or inter-
laboratory comparisons.

Long-term groundwater quality monitoring will be undertaken by Thames
Water , which would involve the annual operational monitoring of a range
of organic and inorganic determinands.
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K.1.91

K.1.92

K.1.93

K.1.94

K.1.95

K.1.96

K.1.97

K.1.98

K.1.99

This groundwater environmental monitoring strategy will be a live
document, to be updated as necessary. The frequency and detail of
monitoring would be amended to suit conditions and in consultation with
EA.

Contingency action plan

If, during construction or operation, trigger levels are exceeded the
Contingency Action Plan (CAP) would be followed. This would include the
following actions:

a. Contact with the Environment Agency within a week
b. Determining the cause of any exceedences

c. Evaluation of location, likely scale, duration and effect
d. Identification of mitigation measures.

Potential solutions are to be identified by the contractor in advance and an
emergency preparedness plan drawn up. The plan could include, for
example ground treatment, and water treatment options in the event of a
trigger level being exceeded, as well as identifying possible alternative
routes for the safe disposal of water should the need arise.

Reporting and sign-off

The responsibility for reporting will be in-line with the deliverables for pre-,
during construction and operation phases set out above.

Baseline groundwater reporting

An Environmental Statement baseline groundwater monitoring report
containing all the groundwater levels and groundwater quality information
used in the preparation of the Environmental Statement would be
produced by the time of publication of the Environmental Statement.

Following the completion of the pre-construction baseline monitoring a
second baseline monitoring report and ‘contingency action plan’ will be
prepared and agreed with the Environment Agency. This ‘pre-
construction’ baseline report will include all historic and current
groundwater level and quality data, including the most recent Thames
Tunnel and Environment Agency information. Trends in key water quality
parameters will be assessed and appropriate trigger levels defined at this
stage.

Construction reporting

During construction regular groundwater quality monitoring reports will be
prepared and submitted to the Environment Agency for approval on a six
month basis.

At the end of construction period, a ‘pre-start of operation baseline
monitoring report’ will be prepared and submitted to the Environment
Agency within two months of the start of operational phase.

Operational reporting

For the operational monitoring phase, annual reports will be submitted to
the Environment Agency for information.
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K.2

K.2.1

K.2.2

K.2.3

K.2.4

K.2.5

K.2.6

K.2.7

Impact of shaft construction dewatering on
groundwater levels simulated by a regional
numerical groundwater model

Summary

A distributed numerical groundwater model has been developed to
quantify the effect of shaft dewatering on:

a. licensed and unlicensed groundwater users

b. water resources in the lower aquifer as a whole
c. saturation of the Thanet Sands

d. groundwater flow direction and velocity.

The model simulates the lower aquifer (Thanet Sands and Chalk) and
incorporates three layers; the Lambeth Group, Thanet Sands and Chalk.
It includes major faults and uses the same hydraulic properties as the EA
London Basin Groundwater Model (LBM), (EA and ESI, 2010)? where
possible.

The Thames Tideway Tunnel project model has been produced using
USGS MODFLOW 2000 to simulate the change in water level as a result
of dewatering in the lower aquifer and at a number of specific locations
within central London. The sensitivity of the model to input parameters
was examined.

The model was also used to quantify the volumes of water to be
abstracted to achieve the shaft construction dewatering aims, and to
identify the strategies that could result in reduction in the effect of the shaft
construction dewatering activities.

The main points relating to the model, its development and use are as
follows:

a. A multi layer numerical model of the London Basin was developed,
including the major faults in the Greenwich area and hydraulic property
information provided by the London basin model (LBM).

b. Drawdown across London was simulated, including assessments of
effects on specific targets/receptors.

c. Dewatering proposals around Deptford Church Street, Earl Pumping
Station, Abbey Mills Pumping Station and Greenwich Pumping Station
were reviewed. The dewatering strategy was revised at these sites
and embedded mitigation in the form of internal dewatering was
adopted to minimise the effects of dewatering.

The results of the model are used in the groundwater impact assessments
for each site and also in the project-wide groundwater assessment.

The shafts with the greatest predicted dewatering are at Kirtling Street and
Blackfriars Bridge Foreshore.
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K.2.8

K.2.9

K.2.10

K.2.11

K.2.12

K.2.13

K.2.14

K.2.15

The model results have some sensitivity to the parameters used, but the
greatest sensitivity is to the hydrogeological and hydraulic conditions
associated with faults.

The LMB has been run to simulate project dewatering and to verify the
predictions of the Thames Tideway Tunnel project model (see para
K.2.98).

Introduction
Background

Dewatering activities will take place at selected sites. The impact of
dewatering can extend beyond the immediate vicinity of the shaft and
dewatering at one shaft can assist with the dewatering at a nearby shaft.
This interference of dewatering effects means that an assessment of
dewatering at an individual shaft would overestimate the pumping effort
required. A project wide approach to the impact of dewatering has
therefore been adopted.

Initially the impact of dewatering was assessed using well interference
calculations. The method allowed a programme of pumping to be
simulated. However it was limited to the use of uniform transmissivity and
uniform abstraction rates. The transition between confined and
unconfined conditions could not be incorporated nor leakage between
layers with different hydraulic properties. To circumvent the limitations of
spreadsheet well interference calculations a distributed numerical
groundwater model has been developed; referred to in this report as the
Thames Tideway Tunnel project model.

The model simulates the lower aquifer (Thanet Sands and Chalk) and
incorporates three layers; the Lambeth Group, Thanet Sands and Chalk.
It includes major faults and uses the same hydraulic properties as the EA
London Basin Groundwater Model (LBM), (EA and ESI, 2010)® where
possible. The LBM properties were provided for use in the Thames
Tideway Tunnel project model prior to the final version of the LBM issued
to the EA, thus the values of hydraulic properties may in some areas differ
to the LBM.

The Thames Tideway Tunnel project model has been produced using
USGS MODFLOW 2000 to simulate the change in water level as a result
of dewatering in the lower aquifer and at a number of specific locations
within central London. It does not attempt to replicate the LBM model, but
rather to be an improvement upon earlier analytical methods to estimate
dewatering impacts. The model simulates the difference, or drawdown,
between the piezometry with and without dewatering at the construction
shafts; it does not simulate absolute water levels in the London basin,
although these can be calculated from the results.

An initial run of the LBM has been undertaken in order to to simulate
project dewatering and to verify the predictions of the Thames Tideway
Tunnel project model.

Objectives

The objectives of the Thames Tideway Tunnel project model are to:
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K.2.17

K.2.18

K.2.19

Take account of regional variations in aquifer hydraulic parameters
and configuration across the project area.

Establish the impact of dewatering upon;
C.
d.
e.

i) licensed and unlicensed groundwater users
i) water resources in the lower aquifer as a whole
iif) saturation of the Thanet Sands

f.  Quantify the volumes of water to be abstracted to achieve the shaft
construction dewatering aims. Identify the strategies that could result
in reduction in the effect of the shaft construction dewatering activities

Geology and Hydrogeology
Geology

The London Basin is entirely underlain by sedimentary bedrock geology,
dominantly Cretaceous Chalk; overlain by heterogeneous Palaeogene
deposits; Quaternary river terrace deposits, glacial and peri-glacial
deposits and alluvium.

Lithological outcrop reflects the geological history of the area, which has
undergone phases of subsidence, uplift and tectonism that have resulted
in folding and faulting, erosion and marine incursion.

A summary of the geological succession and the depths and thicknesses
of geological layers within the Thames Basin, as derived from ESI/EA
20102, is shown in Vol 3 Table K.11.

A geological cross section is shown in Vol 3 Plate K.1 for the London
Basin (adapted from BGS 1996 and de Freitus 2010°).

Vol 3 Plate K.1 Groundwater — simplified Geological Cross Section of the
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K.2.20 The main geological formations of relevance to the Thames Tideway
Tunnel project and the Thames Tideway Tunnel project model are the
White Chalk, Thanet Sands, Lambeth Group and London Clay.
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K.2.21

K.2.22

K.2.23

K.2.24

K.2.25

K.2.26

K.2.27

Cretaceous

The White Chalk Group subdivides into five formations — the Holywell
Nodular Chalk and the New Pit Chalk Formations (formerly referred to as
the Middle Chalk) and the Lewes Chalk Nodular Formation and undivided
strata equivalent to the Seaford Chalk, Margate and Newhaven Chalk
formations (formerly referred to as the Upper Chalk). These formations
are summarised below:

The Holywell Nodular Chalk is broadly shelly with low induration" and
nodular content with marl horizons estimated to have a thickness of up to
11 to 18m in central London (Royse, 2008)°.

The New Pit Chalk is softer, smooth in texture and more massively
bedded than the underlying Holywell Chalk. It has a thickness of between
33 and 49m in central London (Royse, 2008)'°, and commonly contains
thin marly chalk horizons and marl seams, notably the New Pit Marls and
the Glynde Marls.

The Lewes Nodular Chalk is the oldest formation encountered by the
Thames Tideway Tunnel project. It is typically 34-46m thick in central
London (Royse, 2008)"", and outcrops towards the top of the North
Downs. The richly fossiliferous Lewes Nodular Chalk contains several
hard grounds and marls, with marl seams up to 0.1m thick (Ellison et al.,
2004)"?. Regularly spaced nodular flints layers locally exceed 0.2m in
length. The Shoreham Marls mark the upper beds of the Lewes Nodular
Chalk. EA and ESI (2010) indicate that the thickness of the Lewes Chalk
may be underestimated in some areas.

The Seaford Chalk dominates the North Downs outcrop area. The
Seaford Chalk is up to 70m thick (Ellison et al., 2004)"?, although in central
London, Royse (2008)"established the Seaford Chalk as 32-47m thick
due to erosion of the younger formations (EA and ESI, 2010)". The
undivided upper strata of the Chalk is regarded as firm to soft non-nodular
Chalk with flint beds by Ellison et al. (2004)'®. Thin marl seams are found
in the lower 8m and absent higher up. A hard ground marks the top of the
Seaford Chalk.

Palaeocene and Eocene

Palaeogene sediments were deposited on the eroded surface of the Chalk
during a period characterised by marine transgressions and regressions.

The Thanet Sand Formation defines the first marine transgression
following erosion of the Chalk (Andrews et al., 1995)"". It sits
unconformably on the approximately planar eroded Chalk surface;
comprising the sandy aquifer unit known as the ‘Basal Sands’ - a pale to
medium-grey to brownish-grey, fine to fine-grained sand; and a
conglomerate up to 0.5m thick comprising rounded to angular flint cobble

" the process by which a soft geological sediment becomes hard
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K.2.29

K.2.30

K.2.31

K.2.32

K.2.33

and gravel sized clasts set in a clayey, fine to coarse-grained sand matrix
with glauconite pellets forming the basal bed of the Thanet Sand —
referred to as the Bullhead Bed.

The Thanet Sand Formation comprises well sorted, uniform sand, with
evidence of intense bioturbation removing bedding structures. With
approximately 10 percent fine-grained sand at the base, the lower part is
typically clayey and silty, coarsening and greater sorting upward to the
upper beds containing as much as 60 percent fine-grained sand. Lateral
grain size variation is observed, coarsening northwards through the
southern part of the London Basin (Andrews et al., 1995)'®. The Thanet
Sands thicken to in excess of 20m towards the south east but thin to 4m or
less in the north west, becoming absent in the north east.

Deposition of the Lambeth Group followed a period of marine regression
and erosion of the top of the Thanet Sand Formation. The Lambeth
Group subdivides into three formations; the Upnor Formation, the
Woolwich Formation and the Reading Formation (this replaces the
previous Woolwich and Reading Beds nomenclature for this group). The
Lambeth Group is mostly a mottled clay with fine-grained sand, laminated
clay, flint pebble beds and shelly clay layers (Ellison et al., 2004)™ .
Considerable range in textures and fabrics within a short stratigraphical
sequence (generally between 15 and 40m) are observed by Page and
Skipper (2000)%°. Because these formations are highly heterogeneous,
they divide into informal lithological units, laterally passing into each other
becoming interdigitate in central and south-east London. This is
emphasised in the schematic cross-section through the Lambeth Group
across central and south-east London (Vol 3 Plate K.1) as established by
Ellison et al. (2004)?"; note the ends of the section are not spatially located
(therefore not marked). Vertical and spatial variability reflects coastal and
possibly estuarine deposition affected by small sea level fluctuations.

The transition between the top of the Thanet Sand and the base of the
Lambeth Group — marked by a unit referred to as the Upnor Formation —
is not clearly defined, causing difficulty in the accuracy of some
stratigraphic interpretations.

The Upnor Formation comprises variably bioturbated fine- to medium-
grained sand with glauconite, rounded flint pebbles and minor clay, with
distinctive pebble beds and base and top, the former up to 1m thick, the
latter up to 3m thick in south-east and central London. A fossil soil horizon
with localised development of carbonate concretions, and translocation of
clays from the Reading Formation above is observed in the Upnor
Formation in the north and west of the London Basin.

Reading Beds comprising the Lower Mottled Beds and the Upper
Mottled Beds. The Mottled Beds of the Reading Beds comprise of silty
clay and clay, generally un-bedded, fissured and blocky. These units
comprise up to 50 per cent silt and sand, notably in the east of the London
Basin.

The Woolwich Beds are characterised by mottled, silty clay and clay —
with silts and sands comprising up to 50% of the beds, notably in the east
of the London Basin. The Woolwich Beds are typically un-bedded,
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K.2.35

K.2.36

K.2.37

K.2.38

K.2.39

K.2.40

K.2.41

K.2.42

fissured and blocky. Three main units are found in the Woolwich Beds —
the Lower Shelly Beds, the Laminated Beds; and the Upper Shelly
Beds.

The Lower Shelly Beds comprise dark grey to black clay with abundant
shells, with increasing sand content towards east London. A thin — less
than 0.3m thick - seam of Lignite is commonly found at its base. Above
the Lower Shelly Beds are the Laminated Beds, comprising a thinly
interbedded fine to medium grained sand, silt and clay with shells, with
sand lenses found locally in south-east London. At the top of the
Woolwich Beds are the Upper Shelly Beds comprising grey, shelly clays
with scattered glauconite grains increasing to mainly sand in south-east
London.

The Harwich Formation comprises of fine-grained glauconitic sand and
rounded black flinty pebble beds, commonly deposited in a series of
superimposed channels. The Harwich Formation is less pebbly and
predominantly fine-grained sand with beds of volcanic ash towards the
northeast of the London Basin.

The London Clay comprises clayey silt beds grading to silty fine-grained
sand that increase in number from east to west; and increase in
homogeneity upwards through the deposit. Weathering is observed to a
depth between 5 and 10m below the outcrop (Chandler and Apted, 1988%;
EA and ESI, 2010?%) although a greater depth of weathering may occur in
sandy beds. The upper sandier formation is informally referred to as the
Claygate Member to distinguish its coarser-grained nature.

The London Clay divides into a series of units, or facies, referred to from
oldest to youngest as A to E, each with distinct lithological features.

Structural Geology

The structural geology used in development of the LBM is described by
EA and ESI (2010)** as follows:

The Thames Basin has a synformal structure; and has been considerably
affected by faulting and superimposed folds. Significant lateral and
vertical movement is found on some of these faults. Faults in the Chalk
and Lambeth Group, in particular, are regarded as significant from a
hydrogeological perspective, as they can both impede and channel
groundwater flow. Pathways through less transmissive horizons can also
form along faults and structurally controlled fissures.

Reactivation of earlier faults and structural weakness occurred during the
Mesozoic and Cenozoic eras, notably resulting in faults, bedding plane
fractures and join sets in the Chalk and Lambeth Formation.

North-east to south-west trending normal faults predominate in the London
Basin, with throws across these faults and fault complexes up to 30m.
Andrews et al. (1995)% identified orthogonal fault sets, but these are not
shown by Royse (2008)% (apart from the Rotherhithe Fault).

The confined Seaford Chalk Formation is heavily fractured with sub-
vertical, inclined and horizontal, well-connected joints, more open towards
the higher up in formation. Contrastingly, the lower part of the Lewes
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Nodular Chalk Formation has irregularly fractures. Steeply inclined
fractures dissipating along marl seems are found in the New Pit Chalk;
whereas the Holywell Nodular Chalk is characterised by wide spaced
conjugate joints.

Folding is predominantly observed in the south of the London Basin.
Anticlinal crest and synclinal trough stretching and compression of
competent strata may result in fracture opening and enhancing hydraulic
conductivity or fracture closure and reduced flow, respectively.

Sub-Palaeogene erosion surface at the end of the Cretaceous resting on
different stratigraphic levels in the Chalk is a reflection of differential uplift.

Page and Skipper (2000) have investigated the structural control on the
Lambeth Group’s facies and thicknesses in the central London area. In
their investigations, they identified four ‘effects’ acting on the structure of
the Lambeth Group deposits; firstly the depositional environment affecting
the sediment composition and distribution grain size and sedimentary
structures; the second effect is the immediate post depositional changes
such as bonding, cementation, fissuring and biogenic activity. Thirdly,
weathering, reductions in effective stress due to removal of overburden
and periglacial effects. The fourth effect was attributed to laboratory
technique, sampling method and in situ testing.

A marine seismic survey has indicated the presence of a significant fault in
the near vicinity of Putney Bridge; it is unclear at this stage, whether this
feature could facilitate hydraulic connection with the River Thames,
(Newman, 201127).

There is also a series of N-S and SSW-NNE trending faults are identified
between Battersea and Chelsea bridges — referred to as the Chelsea
Embankment (Albert Bridge) Fault Zone - intersecting the tunnel
alignment close to vertical. It is reported that there is up to 5m vertical
displacement of strata over this zone, resulting in uplift of the top of the
Lambeth Group deposits into the proposed tunnel invert on the east side
of Albert Bridge Foreshore and Chelsea Embankment Foreshore sites.

Hydrogeology

On a regional scale, the London Basin aquifer is defined as the whole
sequence of strata between the base of the Chalk and the base of the
London Clay.

Pore sizes in the Chalk are very small; with high matrix pore pressure,
such that the Chalk matrix exhibits a low hydraulic conductivity. Most of
the transmissivity is attributed to open and enhanced interconnected
fractures.

The Grey Chalk is regarded as an aquitard, apart from where it is
substantially weathered or where fractures are dissolution-enhanced,
providing leakage to the Upper Greensand in places.

The White Chalk is a classed as a principal aquifer by the Environment
Agency, and the most important aquifer in the London Basin — both in
terms of the unconfined and near outcrop area, and the heavily confined
Chalk in the centre of the London Basin. The hydraulic properties of the
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White Chalk are controlled by fractures and their solution enhancement
and interconnectivity, weathering, secondary deformation, secondary
porosity and permeability and structural history. These factors contribute
to stratification of Chalk hydraulic parameters — notably higher hydraulic
conductivities are found in the upper horizons due to open, interconnected
fractures. As a result, transmissivities and storage tend to be greatest in
the Seaford and Lewes Chalk Formations.

Above the Chalk, the Thanet Sand Formation forms a principal aquifer;
with clean, open, sand pores providing groundwater storage at the top of
the Chalk-Thanet Sand system.

The Thanet Sands and Chalk together are referred to as the lower aquifer.

The Lambeth Group is broadly an aquitard; with the Reading Formation
and Woolwich Formations, being generally clay-rich, tend to form an
aquitard above the Chalk and Thanet Sands aquifer. However, several
confined groundwater bodies are identified and perched groundwater
storage and flow may be encountered. For example, groundwater may be
encountered in the Upper Shelly Beds (at the top of the Lambeth Group);
and sub-artesian pressures may be found within the Laminated Beds
(formerly part of the Woolwich Formation).

The Upnor Formation forms a thin aquifer at the base of the Lambeth
Group, locally in hydraulic continuity with the Thanet Sands and the Chalk
aquifer, notably in the south east of the London Basin, although less so to
the north and west.

Aquifer Hydraulics

Permeability values for the LBM modelled layers are shown in Vol 3 Table
K.12. The values are taken from a number of boreholes constructed for
Thames Water Utilities Ltd for a phase 1 ground investigation (EA and
ESI, 2010)%.

Vol 3 Table K.12 Groundwater — hydraulic conductivity by lithological unit

. Hydraulic
A UEE RS conductivity (m/s)

Falling head 1.4E-09

Lambeth Group —
Rising Head 1.6E-09 to 9.05E-06

Upnor Falling head 1.60E-06

Formation Rising Head 1.60E-09 - 1.60E-06

Formation Rising Head 4.80E-08 - 2.40E-06

Seaford Chalk | Rising head, Falling head | 5 o5e o9 _ 4 20 04
and Double packer test

Lewes Chalk | Rising head, Falling head | , 45e o9 _ 4 20 04
and Double packer test
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Thames Tideway Tunnel Groundwater Model
Conceptual Groundwater Model

The conceptual model of the London Basin comprises a lower aquifer (the
Chalk and Thanet Sands in hydraulic continuity) overlain by the Lambeth
Group and London Clay. With transition from west to east, conditions
change from confined to unconfined Chalk at outcrop. Where pumping
takes place the lower aquifer can become unconfined even where there is
a covering of London Clay.

Numerical Groundwater Model

The model area of interest is central London and the route of the Thames
Tideway Tunnel project from Acton Storm Tanks to Abbey Mills Pumping
Station. The shafts where external dewatering is anticipated lie along the
route of the main tunnel from Cremone Wharf Depot in the west to King
Blackfriars Bridge Foreshore in the east.

The extent of the modelled area is much greater than the area of interest.
The model area runs from an origin at 500,200mE and 150,000mN and
covers an area of 4,558.8km?. The area is slightly smaller than the extent
of the EA’s LBM under development during the preparation of the
modelling. The EA model extends further east into north Kent, whereas
the Thames Tideway Tunnel project model has no active cells in the area
east of the river Darent and south of the River Thames. The active area of
the model is 2,789km? as shown in Vol 3 Plate K.2.
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Vol 3 Plate K.2 Groundwater — extent of model domain
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White = Active cells in layer 3; Grey = no flow cells; Magenta = solid geology; Green =
10km grid origin at 500,000E, 150,000N.

L

K.2.60 The model uses 200m grid spacing over the majority of the model area,
but is refined down to a 20m grid spacing in the vicinity of many of the
shaft sites. The central area of the model with the tunnel alignment and
the pattern of variable grid spacing are shown in Vol 3 Plate K.3.
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Vol 3 Plate K.3 Groundwater — model grid in central London
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K.2.62

K.2.63

K.2.64

Grey = grid lines; Magenta = solid geology; Black = tunnel alignment.

Model layers

The model comprises three layers, these represent:
a. Layer 1 -the Lambeth Group.

b. Layer 2 - the Thanet Sand Formation.

c. Layer 3 - the Chalk.

The extent of layers 2 and 3 are closely aligned to the layers in the LBM
where these are known from information supplied on the thickness of the
Thanet Sand. The extent of the active cells in layers 1 and 2 has been
adjusted to conform to the extent of the solid geology in the vicinity of the
Greenwich connection tunnel.

The Lambeth Group and Chalk are assigned a constant thickness within
the model. The Lambeth Group is 15m and the Chalk is 40m thick. In
reality the Chalk is more than 40m thick but for the purpose of the model it
is considered that the upper 40m provides the zone with the fractures and
fissures. The thickness of the Thanet Sand is the same as the thickness
in the LBM and ranges from 2m to over 50m with an average of 12m.

Plates Vol 3 Plate K.4 and Vol 3 Plate K.5 illustrate the model thickness of
Thanet Sand. This detail was added to the model to allow the effect of
dewatering on the saturation of the Thanet Sands to be examined.
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Vol 3 Plate K.4 Groundwater — thickness of Thanet Sand Formation whole
model

Thickness of layer 2; Red = greater than 30m; Green = 15-20m; Mid blue = 10-15m;
Pale blue = 5-10m

Vol 3 Plate K.5 Groundwater — thickness of Thanet Sand Formation central
area

Thickness contoured 1m interval with labels at 5m intervals.
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K.2.66

K.2.67

The elevation for the model layers was derived from the elevation of the
base and the thickness of the Thanet Sands as follows:

a. The base of the Thanet Sands was exported at 100m cell size as
provided by the EA. The grid provided was smaller than the Thames
Tideway Tunnel project model area, but fully covers the central
London area.

b. The thickness of the Thanet Sand Formation was extracted from the
LBM and supplied as a shape file by the EA.

The model examines the change of groundwater level as a result of
dewatering activities. It is a relative model and does not give absolute
elevations of the groundwater level. The groundwater levels in the London
basin are dependent on recharge and abstraction. The model produced
does not attempt to replicate these conditions, but to predict the drawdown
as a consequence of dewatering.

The initial condition of the model sets groundwater levels at an arbitrary
value of 100m. To ensure that confined and unconfined conditions are
reflected in the groundwater model, when the groundwater levels are
adjusted the levels of the layers are also adjusted by the same amount.
The modifications are different in all parts of the model area as illustrated
by Vol 3 Plate K.6 and Vol 3 Plate K.7.

Vol 3 Plate K.6 Groundwater — absolute elevation for top of Thanet Sand

Formation central area

Elevation, mATD, contoured 5m interval.
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Vol 3 Plate K.7 Groundwater — relative elevation for top of Thanet Sand

Formation central area
e

)

AW

Elevation relative to lower aquifer water level with a defined elevation of 100mATD.

K.2.68 The initial water level is the piezometry published by the EA for January
2011 (EA, 2011)*. The contours are presented in the EA report with a
10m vertical interval. To prepare the information for use in the
groundwater model the contour data is converted to a value for every cell
in the model. The initial heads are stored within the groundwater model
but are not used for calculations during the simulation. The initial heads
combined with calculated drawdown values are used to generate
groundwater level surfaces for particular stress periods of the model
simulation. The initial water levels are illustrated in Vol 3 Plate K.8.
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Vol 3 Plate K.8 Groundwater — initial water levels in central model area

Black line = tunnel alignment; Thick blue line = groundwater contour 10m intervals,
labelled as mAOD; Thin blue line = groundwater contour 2m intervals; Flood colour
from white = 60mATD to red = 110mATD

K.2.69 External boundary conditions in layer 3 (Chalk) are illustrated in Vol 3
Plate K.9. The external boundaries of the model are all represented as no
flow boundaries. The flow line and groundwater divide, blue and brown
lines in the plate, are no flow boundaries in the LBM. The flux boundary
allows flow into the LBM and the flow convergence does not exist in the
LBM. All the external boundaries in this model are considered to be far
enough away from internal boundaries that the nature of the external
boundary will not have a significant impact upon the behaviour of the
central portion of the model.
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Vol 3 Plate K.9 Groundwater — external boundaries Layer 3 (Chalk)
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Blue line = flow line; Green line = inward flux ; Brown line = groundwater divide/edge
of aquifer; Red line = flow convergence; Black line = tunnel alignment.

K.2.70 External boundaries in layer 2 (Thanet Sands) are shown in Vol 3 Plate
K.10. The layer 2 extent is the same as in the LBM. The northern
boundary is the 2m thickness contour for the Thanet Sand Formation. The
layer 1 boundary is approximately the same as the layer 2 boundary
except for in the Greenwich area where the solid geology base map has
been used to mark the extent of the Lambeth Group. Elsewhere the
boundary in layer 1 is considered too far away from the area of interest in
the Thames Tideway Tunnel project model to have a significant influence
upon the results of the modelling.
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Vol 3 Plate K.10 Groundwater — external boundaries layer 2
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Blue line = flow line; Brown line = groundwater divide/edge of aquifer; Black line =
tunnel alignment. Detail in Greenwich area not shown.

The area of interest for the model is the central area of London in the
vicinity of the main tunnel route and in particular within 2km of each of the
sites. The precise configuration of the model in areas remote to the
central area is unlikely to have any significant impact upon the conditions
in the central area.

Internal boundaries are used to simulate the dewatering of the shafts
during their construction. The dewatering is simulated by the inclusion of
a drain cell at the position of the shaft which removes water from the
model. The drain cell has a high conductance so that the water level is
drawn down within the drain cell to the required construction level. This is
similar to employing a variable abstraction at the shaft site, except that the
model calculates the variable abstraction to achieve the required
drawdown at the shaft.
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K.2.73

K.2.74

The construction dewatering sequence has been adopted for all the
modelled scenarios. The dewatering depth is set at the construction level
for the whole of the shaft construction period. In reality the dewatering
level will be gradually taken to lower elevations as the shaft construction
proceeds. The method used is thus precautionary and is more likely to
over estimates than under estimate the dewatering rates and cumulative

volumes.

The construction sequence used in the modelling is illustrated in Vol 3
Plate K.11. The horizontal lines mark the period of dewatering at the sites.
Only those sites where external dewatering of shafts is planned are
included in the Vol 3 Plate K.11.

Vol 3 Plate K.11 Groundwater — construction sequence used for dewatering

periods
| : |
B I | Blackfriars Bridgs Forashors
i I i Victoria Embankment Foreshore
- | | A bart Embankment Foreshore
! - : —— He gthwall Pumping Station
I I | o irtling Street Shaft
i I | | irtling Street Esze Sleb
= I | m—— Chelsas Embankmeant Foreshaors
I I | —— Crermome Wharf Depot
I I = = = Drawdown Map (stress perod 10)
| | |
N I | = = =Drawdown Map (stress perod 25)
I I | = Drgwdown Map (stress period 45)
I - Drewdown Map (stress period 4)
| | '
. . | Drawdown Map (stress pariod 60)
| I I a
2018 2017 2018 2018 2020 2021 2022
K.2.75 Internal boundary elevations are determined from the shaft construction

depth (dewatering target elevation) and the existing groundwater level.
The difference between these two levels is the drawdown required at the
shaft site. The drain elevations are expressed relative to the arbitrary
initial water level of 100m. The elevations are presented in Vol 3 Table
K.13. The conductance assigned to the drains cells is set high enough to
ensure that the calculated water level is the same as the drain elevation.

Vol 3 Table K.13 Groundwater — dewatering and drain elevations by shaft

Dewaterin Groundwater Drain level
. Drain in 9 | level (mATD) | (initial water
Site target level
layer level 100m)
(mATD) (m)
Cremone
Wharf Depot 1 56.42 73 83.42
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K.2.76

K.2.77

K.2.78

Dewaterin Groundwater Drain level
- Drain in 9 | level (mATD) | (initial water
Site target level
layer level 100m)
(mATD)
(m)
Chelsea
Embankment 1 56.95 72 84.95
Foreshore
Kirtling Street
(top shaft) 1 54 .86 75 81.86
Kirtling Street
(base shaft) 2 48.86 75 73.86
Heathwall
Pumping 1 54.14 75 79.14
Station
Albert
Embankment 1 54 .35 73 81.35
Foreshore
Victoria
Embankment 1 52.08 60 92.08
Foreshore
Blackfriars
Bridge 2 46.28 60 86.28
Foreshore

The model is only used to assess change as a result of dewatering,
therefore recharge to the model is defined as zero and there are no
abstractions from the model. If simulation of the cessation of abstraction
was needed at a licensed source for example, it would be undertaken by
the inclusion of a point recharge equal to the abstraction rate. Additional
abstractions could likewise be incorporated by the use of point
abstractions.

Model hydraulic properties

The model has adopted the best available estimates for the distribution of
properties. These have been obtained from the LBM for the permeability
of the Chalk aquifer and from EA and ESI (2010) where the “most likely”
values have been used. A summary of the parameters is given in Vol 3
Table K.14.

The hydraulic properties of layer 1 are uniform with a horizontal and
vertical conductivity of 2x10°m/d, specific yield of 10% and a storativity of
2x10°. For layer 2 a uniform horizontal conductivity of 5m/d and vertical of
0.25m/d were used with the storage and specific yield the same as layer 1.
The hydraulic properties of layer 3 use a distribution of transmissivity from
the LBM (as issued prior to the final calibration of the LBM so may differ to
the current LBM hydraulic properties). The transmissivity values are used
as an equivalent hydraulic conductivity in Modflow with the layer thickness
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of 40m. The storativity is 10 and the specific yield is 2%. The hydraulic
conductivity distribution is illustrated for the whole model domain in Vol 3
Plate K.12 and for the central part of the model in Vol 3 Plate K.13.

K.2.79  The confined storage coefficient is entered into the groundwater model in
units of per metre as required by Modflow 2000. The storage coefficient
and specific yield are both divided by layer thickness.

Vol 3 Table K.14 Groundwater — hydraulic parameters

Parameter Layer 1 Layer 2 Layer 3

Thickness (m) 15 variable 40

Horizontal hydraulic

conductivity (m/d) 0.0002 S variable

Vertical hydraulic conductivity | as 0.25 as

(m/d) horizontal ' horizontal
Confined storage coefficient 2x10-5 2x10-5 10-4
Specific yield 0.1 0.1 0.02

Vol 3 Plate K.12 Groundwater — layer 3 hydraulic conductivity — whole model

Hydraulic Conductivity
fone  Walue
1 o100
2 Wo400
3 WO 500
4 1300
5 1500
B 2250
7 [z7s0
3 3400
9 4 400
10 5500
11 6900
12 8700
132 1100
14 15.00
15 21.00
16 25.00
17 43.00
18 G400
14 85.00
20 1200
21 mi1700
22 M2250
232 5500
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Vol 3 Plate K.13 Groundwater — layer 3 hydraulic conductivity — central area

K.2.80

K.2.81

K.2.82

Ve

N\

////

Model results

The modelling process creates an output of a water level at every cell for
every time period of each stress period of the model and associated flow
to adjacent cells. The output is too extensive to appreciate without
selecting particular aspects that are indicative of the impacts of the
dewatering stresses.

The results are summarised in the following:

a.

f.

g.

Annex B Groundwater hydrographs (see Vol 3 Plate K.24 to Vol 3
Plate K.32)

Annex C Groundwater contour maps (see Vol 3 Plate K.33 to Vol 3
Plate K.42)

Annex D Groundwater drawdown maps (see Vol 3 Plate K.49 to Vol 3
Plate K.57Vol 3 Plate K.56)

Annex E Saturated, unsaturated and dry cells in each layer at the
initial and lowest levels (see Vol 3 Plate K.58 to Vol 3 Plate K.63)

Annex F Time series of dewatering flows (drain cell flux) (see Vol 3
Plate K.64 to Vol 3 Plate K.72)

maximum dewatering flow for each scenario (Vol 3 Plate H.22), and
maximum drawdown for each scenario (Vol 3 Plate H.23).

The model was run using the best estimate of the hydraulic properties and
the boundary conditions (sensitivity runs were also carried out as
described in the next section). The drawdown was examined at receptor
sites, including all identified licensed and unlicensed groundwater
abstractions from the lower aquifer. The resultant predicted drawdowns
are presented in Vol 3 Table K.15.
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Vol 3 Table K.15 Groundwater — impact at abstraction locations

Project-wide effects assessment

groundwater

Maximum
Assessed Predicted
Available Maximum Nr Months
Licence Drawdown | Drawdown | Drawdown
Number Location (m) (m) Exceeded
08/37/54/0062 Windmill Lane,
Stratford - ELRED 'A' | 23 0.50
28/39/39/0004 Wilton Road 26 5.91
28/39/39/0005 New Parliamentary
Buildings — Bh A 19 4.70 0
1 New Change, City of
28/39/39/0008 London 19 4.88
28/39/39/0013 North House 35.0 5.35
Central Hall, Matthew
28/39/39/0046 Parker Street 20.0 5.18
28/39/39/0080 Chelsea Manor Street | 37.0 .60
152 Grosvenor Road —
28/39/39/0139 Bh 'B' 18.0 6.39 0
Dolphin Square — Bh
28/39/39/0141 A 9.0 7.39 0
28/39/39/0157 | Lots Road, Chelsea | 24.6 4.44 0
28/39/39/0209 Marsham Street 25.0 5.76 0
28/39/39/0212 | The National Gallery | 15.0 4.39 0
28/39/39/0226 Eaton Place 15.0 5.73 0
28/39/39/0229 | Grange St Paul's Hotel | 4.0 5.47 28
28/39/39/0232 Davis House - Bh A 11.0 6.12 0
28/39/39/0236 6 St Martins Place 18.0 4.41 0
28/39/39/0238 Eaton Square 18.0 5.75 0
28/39/42/0004 Stamford House 18.0 5.68 0
28/39/42/0033 Montford Place 20.0 4.30 0
Canada Water, Surrey
28/39/42/0048 | Quays Road Bh 'A’ 7.0 2.02 0
Canada Water, Surrey
28/39/42/0048 | Quays Road Bh 'B' 16.0 2.04
28/39/42/0062 | City Hall, —-Bh 'B' 34.0 3.52
Royal Festival Hall, Bh
28/39/42/0069 ‘B’ 20.0 5.02 0
Stewarts Lane Goods
28/39/42/0070 Yard 30.0 6.25 0
Battersea Pumping
28/39/42/0072 Station 21.0 8.55 0
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Maximum
Assessed Predicted
Available Maximum Nr Months
Licence Drawdown | Drawdown | Drawdown
Number Location (m) (m) Exceeded
28/39/42/0073 | 1 Surrey Quays Road | 13.0 1.64 0
Battersea Power
28/39/42/0074 Station - Borehole 44.0 7.89
28/39/42/0076 Brook Street - Bh 2 6.1 3.78
Deptford Pumping
28/39/43/0019 Station Point F 5.8 0.67 0
National Maritime
28/39/44/0003 Museum 10.0 0.68
28/39/44/0007 Greenwich Wharf 25.0 0.67
Dace Road (Old Ford)
29/38/09/0113 | Pumping Station 11.6 0.52 0
Canning Road -
29/38/09/0149 Borehole A 115.0 0.56
29/38/09/0177 | Wick Lane 20.0 0.54
Temple Mills Lane -
29/38/09/0201 Boreholes 'B' 10.0 0.5
28/38/09/0009 | Pudding Mill Lane 17.0 0.53

K.2.83  The key locations for the drawdown are distributed along the route of the
tunnel. Those licensed abstractions that are most at risk are where the
dewatering results in a drawdown are greater than, or close to, the
maximum available drawdown. For example if the additional drawdown
means that water levels fall below the pump or an adit. The locations are:

Licence Nr 28/39/39/0141, Dolphin Square - Borehole A

Licence Nr 28/39/39/0229, Grange St Paul's Hotel — Borehole
Licence Nr 28/39/42/0062, City Hall, The Queens Walk - Borehole B
Licence Nr 28/39/42/0048, Canada Water - Borehole A

Licence Nr 28/39/42/0076, Brook Street abstraction borehole 2

f. Licence Nr 28/39/43/0019, Deptford Pumping Station Point F

K.2.84 Graphs showing drawdown against time and the maximum available
drawdown are provided in Annex B for these key locations.

®© o 0 T o

K.2.85 The plates illustrate the drawdown and recovery as different sites are
dewatered in accordance with the construction sequence. Key times in
the construction programme are:

a. Stress period 4 time step 5 (Mar, 2017), only dewatering at Kirtling
Street Shaft
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K.2.86

K.2.87

K.2.88

b. Stress period 10 time step 5 (Sept, 2017), end of base slab
dewatering at Kirtling Street Shaft

Stress period 25 time step 5 (Dec, 2018),

Stress period 45 time step 5 (Aug, 2020), end of Blackfriars Bridge
Foreshore shaft dewatering

The model output includes dewatering rates and volumes to achieve the
construction dewatering level imposed at the shaft. The resultant rates
and volumes are presented in Vol 3 Plate K.14 for the key dewatering
sites. The greatest dewatering is at Kirtling Street and Blackfriars Bridge
Foreshore, with peak rates ranging from around 0.5Ml/d to 2.8MI/d. The
duration of pumping is dependent on the construction programme,
illustrated on Vol 3 Plate K.11.

Vol 3 Plate K.14 Groundwater — shaft dewatering
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During the development of the project, additional dewatering was
proposed towards the east, at sites including Earl Pumping Station,
Deptford Church Street, Greenwich Pumping Station and Abbey Mills
Pumping Station. Dewatering rates were well in excess of 5 Ml/d and the
predicted effects were major adverse. A change to the construction
practice was consequently made to allow for internal dewatering. Internal
dewatering reduces the dewatering to within the shaft so that effects on
the aquifer outside the shaft are negligible.

Annex C shows the regional drawdown in response to dewatering. Each
page shows the water levels at key times in the construction sequence.
The upper image includes piezometry and colour wash to illustrate
drawdown. The lower image uses colour wash and contours to show the
piezometry. The greatest predicted drawdown occurs around Kirtling
Street and Blackfriars, as would be expected.
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K.2.89

K.2.90

K.2.91

K.2.92

More detailed drawdown plots are also included in Annex D (see Vol 3
Plate K.49 to Vol 3 Plate K.57) which also labels the shafts and potential
receptors.

The effect of dewatering is to lower groundwater levels in some areas so
that confined conditions become unconfined and fully saturated aquifers
are partially dewatered. Dewatering of the Thanet Sands, where it has not
occurred historically, can lead to oxidation of pyrite and creation of
sulphate. This deterioration of groundwater quality has been identified as
a potentially adverse effect. The model was therefore used to locate those
areas where such effects may arise. Annex E (Vol 3 Plate K.58 to Vol 3
Plate K.63) includes maps of dry zones. These are used in Vol 3 Section
10 Water resources - groundwater when assessing the effect of
dewatering on the Thanet Sands and mixing of groundwater.

The other potential effect of dewatering is to change the rate of movement
or direction of flow such that existing contamination moves faster orin a
different direction. Where contamination has been identified, the
groundwater assessment for individual sites or project-wide effects,
includes an estimate of change in contaminant movement based on the
Thames Tideway Tunnel project model results. It should be noted
however that the model does not simulate solute transport and that the
predictions are based on changes in hydraulic gradient.

Model sensitivity

A set of nine different model scenarios were run to demonstrate the
sensitivity of the model to input parameters. The scenarios include
varying hydraulic properties and boundary conditions to examine the
sensitivity of the model to changes in parameters and conditions. The first
scenario, documented as RUN1 represents the best estimate of the
hydraulic properties and the boundary conditions. The subsequent
scenarios, documented as RUN2 to RUN9 modify one parameter from the
first scenario. Details of the scenarios are summarised in Vol 3 Table
K.16.

Vol 3 Table K.16 Groundwater — model scenarios

Hydrau_lig Storage Drain level NOUBTH | AP
Run Nr confductlwty factor (m) Faults heads
actor
1 1 1 0 no no
2 1 1 0 yes no
3 1 1 -10 no no
4 1 1 -3 no no
5 1.25 1 0 no no
6 0.75 1 0 no no
7 1 1.5 0 no no
8 1 0.5 0 no no
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Hydraulic Storage Drain level No flow Fixed
Run Nr | conductivity 9 Faults heads
factor (m)
factor
9 1 1 0 no yes

K.2.93 The different runs are summarised below.

a. RUN2. The faults that cross through the area (see Vol 3 Plate K.15
and Vol 3 Plate K.16) are set to be no flow cells to act as impermeable
barriers to flow. The Greenwich Fault, Northern Branch Fault,
Rotherhithe Fault and Streatham Fault are all marked in green
indicating “faults thought to be impermeable”. The Northern Boundary
Fault is marked in blue and is “without evidence to indicate a low
permeability”. Classification of faults is according to the EA’. The
barrier boundary faults reduce the drawdown on the far side of the
fault from a dewatered shaft. Whereas on the same side of the barrier
as the shaft the drawdown can be greater than it would have been if
the fault was not a barrier. The minimum water levels at the six key
locations (para. K.2.83) from RUN 2 are compared to the water levels
from RUN 1 (see Vol 3 Plate K.17).

Vol 3 Plate K.15 Groundwater — fault positions hydrogeological characteristics
in central London
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Vol 3 Plate K.16 Groundwater — fault positions in groundwater model in central
London
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Vol 3 Plate K.17 Groundwater — Impacts of Faults
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b. RUNS3 and RUN4 examine the effect of a requirement for a deeper
level of dewatering where the drain cells at the shaft sites are lowered
by 10m and 3m. The lowering by 10m requires the positioning of drain
cells in some of the shaft sites not in the Lambeth Group (layer 2), but
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the Chalk or Thanet Sands. The impact of lowering the drains by 10m
has a greater effect on drawdown and dewatering flows than any of
the other scenarios examined. The additional drawdown created in
RUN 3 is compared to RUN 1 at the key locations (see Vol 3 Plate
K.18).

Vol 3 Plate K.18 Groundwater — Impact of Shaft Dewatering Depth
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RUNS5/6 has been used to examine the effect of changes in hydraulic
conductivity. The hydraulic conductivity is modified with an increase or
reduction of 25%. There are relatively small changes in the predicted
drawdown with the percentage change in drawdown being less than
the percentage change in conductivity. Not all areas of the model
respond in the same manner. Although it has a smaller absolute
drawdown the percentage change in drawdown experienced in the
Greenwich area is greater than for other parts of the model. The
sensitivity is illustrated in Vol 3 Plate K.19. Generally the groundwater
system is not particularly sensitive to hydraulic conductivity.
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Vol 3 Plate K.19 Groundwater — water level sensitivity to changes in hydraulic

conductivity
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RUN7/8 has been used to examine the effect of changes in storativity

and specific yield of the aquifer. The parameters are modified either
with an increase or reduction of 50%. There are relatively small
changes in the predicted drawdown. With the percentage change in
drawdown being less than the percentage change in storage. The
Greenwich area is most sensitive to changes in model storage. The
sensitivity is illustrated in Vol 3 Plate K.20. Generally the groundwater
system is not particularly sensitive to storage.

Vol 3 Plate K.20 Groundwater — water level sensitivity to changes in aquifer
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e. RUN9 has been used to examine the possible connection between the
River Thames and the lower aquifer in east London where the London
Clay is absent and the Lambeth Group is in places also thin or absent.
The effect of this feature has been to fix the drawdown at these cells
at zero as illustrated in Vol 3 Plate K.21.

Vol 3 Plate K.21 Groundwater — layer 1 fixed head cells in east London for
RUN9 scenario
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K.2.94 Vol 3 Plate K.22 shows the range of predicted abstraction volumes for
each scenario. The volumes range between around 1 Mm?® to 2 Mm? with
a peak value of around 6.2 Mm?® if dewatering levels are lower.

Vol 3 Plate K.22 Groundwater — model scenarios and simulated total
dewatering volume
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K.2.95 Vol 3 Plate K.23 illustrates the effect of the modification of different model
parameters on the key selected water users (para. K.2.83).
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Vol 3 Plate K.23 Groundwater — model scenarios and simulated receptor
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Model Limitations

The Thames Tideway Tunnel project model relies on parameters used in
the LBM. It covers a large area and its main purpose is to assess the
project-wide impact on groundwater levels of dewatering. The model
cannot be used to assess the effects of dewatering or pore pressures at
the shaft scale but gives a reasonable indication of the change in
groundwater levels at a regional scale.

Where the model indicates that effects may be major or adverse, further
work is recommended. For example, if excessive drawdown at an existing
abstraction borehole is predicted, further testing and local investigation is
recommended. If movement of contaminants is anticipated, a quantitative
risk assessment should be undertaken.

Comparison of Thames Tideway Tunnel groundwater model and
London Basin model

The EA have been developing a regional groundwater model the London
Basin Model (LBM) during the preparation of the Environmental
Statement. The Thames Tideway groundwater model has been
developed using some of the same data as the LBM but the final
calibrated version of the LBM was not issued until after the modelling with
the Thames Tideway Tunnel groundwater model had been completed.
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K.2.99

The LBM simulates absolute groundwater levels in the lower aquifer using
the Environment Agency’s VKD". An executable version of the program
has been provided by the EA to enable the LBM to be used. Coupled with
the LBM is a 4R model that derives recharge, runoff and river flow from
rainfall. The grid of the LBM is a uniform 200m mesh that aligns with the
British National Grid. The LBM simulates both groundwater levels and
stream flow and has been calibrated for the period 1965 to 2007. The
model incorporates historical actual groundwater abstractions and daily
rainfall patterns for the whole calibration period. Data on rainfall and
actual abstraction post 2007 is not incorporated in the model files provided
by the EA. A comparison of some of the key features of the LBM and the
Thames Tideway Tunnel groundwater model are shown in Vol 3 Table
K.A17.

Vol 3 Table K.17 Comparison of features of the LBM and Thames Tideway

Tunnel groundwater model

Feature LBM Thames Tideway
Tunnel groundwater

model

Relative water levels
(drawdowns) compared
to Jan 2011 conditions

Absolute water levels
and flows

Basis of Model

Model Grid 200m uniform 200 to 20m variable

Layer Geometry True elevations of Strata relative to chalk
strata water level in Jan 2011

Thickness of Chalk Variable Uniform

Thickness of Thanet Variable Variable and based on

Sand LBM

Model code Modflow with VKD Modflow 2000

Hydraulic conductivity
in Chalk

Variable with VKD

Variable and provided
by EA for one
representative instant
of time from VKD

model
Hydraulic conductivity | Variable Uniform
in Thanet Sand
Abstractions Historical data None
Recharge Determined by None

recharge model

Discontinuities

Fault zones
impermeable

Faults in one of the
sensitivity model runs

Dewatering drainage

Actual abstractions

Drainage cells to

Y'VKD. This is a version of the United States Geological Survey’s modflow code that has been adapted to
accommodate variations (V) in hydraulic conductivity (K) and storage with depth (D) in a model layer. The code
was developed to specifically model the Chalk aquifer in England. Unlike the modflow code which is in the public
domain the VKD code and documentation is not published.
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K.2.100

K.2.101

K.2.102

Feature LBM Thames Tideway
Tunnel groundwater
model
used simulate abstraction
Model simulated period | 1965 to 2007 None

Model predictive period | No predictive scenario | Nov 2016 to Nov 2021
data sets provided

Stress periods Three per month One per monthly
divided into 2 time divided into 5 time
steps (six steps per steps (five steps per
month) month)

The LBM has been used to compare the impact of the shaft dewatering
derived from the Thames Tideway Tunnel groundwater model. The basis
for the two modelling techniques is different. It is not meaningful to
compare the drawdowns predicted from one model with the absolute
groundwater levels predicted from the other model. To compare the
models the LBM was run twice for the period 1965 to 2007. In the first run
the model used the input files as provided by the EA. The model output
represents the EA’s accepted calibrated water levels and stream flows
simulated for the historical period. In the second model run a series of
drainage cells are inserted that represent the dewatering target elevations
at shaft sites. These are organised to become active in the same
sequence as in the Thames Tideway Tunnel groundwater model. The
water levels of the two model runs are compared, the difference between
the two levels being comparable with the Thames Tideway Tunnel
groundwater model drawdown results.

The dewatering imposed on the LBM is for the end of the historical
simulated period from 2003 to 2007. Thus the water levels that need to be
controlled by drainage cells are those that are simulated for a period in the
historical record whereas in the Thames Tideway Tunnel groundwater
model they are from a basis of water levels from January 2011 as
contoured by the EA.

The model geometry and layers in the two models can in places be slightly
different, this is because the LBM uses a uniform 200m grid spacing and
the Thames Tideway Tunnel groundwater model uses a variable grid with
the elevation derived from 100m grid data. The consequence is that the
Kirtling Street drain cell is in a very low permeability layer in the LBM and
in a Thanet Sand Formation layer in the Thames Tideway Tunnel
groundwater model. The LBM thus results in lower dewatering rates at
Kirtling Street. Concern over the possible under prediction of drawdown in
the LBM as a result of the subtle difference in layer elevations has been
investigated. A further LBM run has been undertaken that ensured that the
drain cells were in the Thanet Sand layer at Kirtling Street. The drawdown
from the model run was higher, but except for the nearest level target
(28/39/39/0141 — Mantilla Limited), the drawdown was no greater than
those from the Thames Tideway Tunnel groundwater model.
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K.2.103

K.2.104

K.2.105

K.2.106

K.2.107

K.2.108

K.2.109

The examination of the results from the two modelling approaches
demonstrates that they are broadly in agreement. Moreover, the LBM that
uses water groundwater level conditions from 2003 to 2007, predicts
somewhat smaller impacts on water levels as a result of simulated
dewatering than the results from the Thames Tideway Tunnel groundwater
model that is used in the impact assessment.

Conclusions

The Thames Tideway Tunnel numerical groundwater model has been
used to quantify the effect of dewatering on licensed and unlicensed
abstractions and on the lower aquifer. The model has also been used to
estimate the volume of water that would be generated during construction
dewatering.

The main points relating to the model, its development and use are as
follows:

a. A multi layer numerical model of the London Basin was developed,
including the major faults around Greenwich and hydraulic property
information provided by the LBM.

b. Drawdown across London was simulated, including assessments of
effects on specific targets/receptors.

c. Dewatering proposals around Deptford Church Street, Earl Pumping
Station, Abbey Mills Pumping Station and Greenwich Pumping Station
were reviewed. The dewatering strategy was revised at these sites
and embedded mitigation in the form of internal dewatering was
adopted to minimise the effects of dewatering.

The results of the model are used in the groundwater impact assessments
for each site and also in the project-wide groundwater assessment.

The shafts with the greatest predicted dewatering are at Kirtling Street
(average of 440m®d with a peak amount of 2700m>/d) and Blackfriars
Bridge Foreshore (average of 1085m>/d).

The model results have some sensitivity to the parameters used but the
greatest sensitivity is to the lowering of the drain cells.

The Thames Tideway Tunnel groundwater model has been compared with
the EA’s LBM. The results from the two modelling approaches are in broad
agreement with respect of the anticipated drawdown in the lower aquifer in
the vicinity of the dewatered shaft sites. Locations that are remote to the
dewatering sites are predicted to have a smaller impact by the LBM
compared to the Thames Tideway Tunnel groundwater model. The
predicted dewatering rates simulated by the two modelling techniques are
very similar. The results from the use of the LBM indicates that the impact
of the dewatering on water levels will be similar or less than those derived
from the Thames Tideway Tunnel model.
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Annex A Long list of substances

Vol 3 Table K.18 Long list of subtsnaces

EA
Name Units Method suite

CALCIUM : MAGNESIUM RATIO UNITLESS Calculated YES
CONDUCTIVITY @25C uS/cm Field YES
HARDNESS TOTAL - as CACO3 mg/I| Calculated YES
IONIC BALANCE (ANIONS/CATIONS) % Calculated YES
NITRATE -as N mg/l Calculated YES
OXYGEN DISSOLVED (INSTRUMENTAL -
IN SITU)-AS O mg/I Calculated YES
OXYGEN DISSOLVED (INSTRUMENTAL) -
AS % SATN % Field YES
PAHS, TOTAL Mg/l Calculated YES
PH IN SITU MEASUREMENT PHUNITS Field YES
SODIUM : CHLORIDE RATIO UNITLESS Calculated YES
TEMPERATURE WATER CEL Field YES
ARSENIC - AS AS Mg/l Low YES
SELENIUM - AS SE ug/l Low YES
FAECAL COLIFORMS PRESUMPTIVE NO/100ml Low YES
STREPTOCOCCI FAECAL PRE-MF NO/100ml Low YES
CYANIDE - AS CN mg/l Low YES
ALKALINITY PH 4.5 - as CACO3 mg/| Low YES
AMMONIA - AS N mg/I| Low YES
CARBON DIOXIDE FREE - AS CO2 mg/| Low YES
CARBON ORGANIC DISSOLVED - AS C mg/I| Low YES
CHLORIDE ION - AS CL mg/| Low YES
FLUORIDE - AS F mg/I| Low YES
NITRITE -as N mg/I Low YES
NITROGEN TOTAL OXIDISED - AS N mg/| Low YES
ORTHOPHOSPHATE -as P mg/| Low YES
PH - AS PH UNITS PHUNITS Low YES
SILICATE REACTIVE DISSOLVED - AS mg/l Low YES
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EA
Name Units Method suite

S102
BROMATE mg/l Low YES
BROMIDE ION - AS BR mg/I Low YES
IODIDE ION - AS | mg/l Low YES
(2,4,5-TRICHLOROPHENOXY)ETHANOIC
ACID Mg/l Low YES
(2,4-DICHLOROPHENOXY)ETHANOIC
ACID Mg/l Low YES
2,3,6-TBA {2,3,6-TRICHLOROBENZOIC
ACIDHCAS RN 5 ug/l Low YES
2,4-DB Mg/l Low YES
BENAZOLIN ug/l Low YES
BENTAZONE Mg/l Low YES
BROMOXYNIL Mg/l Low YES
CLOPYRALID Mg/l Low YES
DICAMBA {3,6-DICHLORO(O-
METHOXYBENZOIC ACID)} ug/l Low YES
DICHLORPROP Mg/l Low YES
FENOPROP ug/l Low YES
FLUROXYPYR Mg/l Low YES
IOXYNIL pg/l Low YES
MCPA {} Mg/l Low YES
MCPB Mg/l Low YES
MECOPROP {} ug/l Low YES
PICHLORAM Mg/l Low YES
TRICLOPYR ug/l Low YES
MERCURY - AS HG Mg/l Low YES
ALUMINIUM - AS AL Mg/l Low YES
ANTIMONY - AS SB Mg/l Low YES
BARIUM - AS BA Mg/l Low YES
BERYLLIUM - AS BE ug/l Low YES
BORON - AS B Mg/l Low YES
CADMIUM - AS CD Mg/l Low YES
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EA
Name Units Method suite

CALCIUM - AS CA mg/I Low YES
CHROMIUM - AS CR Mg/l Low YES
COBALT - AS CO ug/l Low YES
COPPER - AS CU Mg/l Low YES
IRON - AS FE Mg/l Low YES
LEAD - AS PB Mg/l Low YES
LITHIUM - AS LI Mg/l Low YES
MAGNESIUM - AS MG mg/I Low YES
MANGANESE - AS MN Mg/l Low YES
MOLYBDENUM - AS MO ug/l Low YES
NICKEL - AS NI Mg/l Low YES
POTASSIUM - AS K mg/l Low YES
SILVER - AS AG Mg/l Low YES
SODIUM - AS NA mg/l Low YES
STRONTIUM - AS SR ug/l Low YES
SULPHATE - AS SO4 mg/I Low YES
THALLIUM - TOTAL AS TL ug/l Low YES
TIN - AS SN Mg/l Low YES
TITANIUM ug/l YES
URANIUM - AS U Mg/l Low YES
VANADIUM - AS V Mg/l Low YES
ZINC - AS ZN ug/l Low YES
ALUMINIUM DISSOLVED - AS AL Mg/l Low YES
BARIUM DISSOLVED - AS BA Mg/l Low YES
BORON DISSOLVED- AS B Mg/l Low YES
CADMIUM DISSOLVED pg/l Low YES
CALCIUM DISSOLVED - AS CA mg/I Low YES
CHROMIUM (DISSOLVED) Mg/l Low YES
COPPER (DISSOLVED) ug/l Low YES
IRON DISSOLVED - AS FE Mg/l Low YES
LEAD (DISSOLVED) pg/l Low YES
LITHIUM DISSOLVED - AS LI Mg/l Low YES
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EA
Name Units Method suite

MAGNESIUM DISSOLVED - AS MG mg/I Low YES
MANGANESE DISSOLVED - AS MN Mg/l Low YES
NICKEL (DISSOLVED) ug/l Low YES
POTASSIUM DISSOLVED - AS K mg/I Low YES
SODIUM DISSOLVED - AS Na mg/l Low YES
STRONTIUM DISSOLVED - AS SR Mg/l Low YES
ZINC (DISSOLVED) Mg/l Low YES
ACENAPTHENE Mg/l Low YES
ACENAPTHYLENE Mg/l Low YES
ANTHRACENE ug/l Low YES
BENZ[A]-ANTHRACENE Mg/l Low YES
BENZO-[A]-PYRENE Mg/l Low YES
BENZO-[B]-FLUORANTHENE Mg/l Low YES
BENZO-[GHI]-PERYLENE Mg/l Low YES
BENZO-[K]-FLUORANTHENE ug/l Low YES
CHRYSENE Mg/l Low YES
DIBENZ-[A,H]-ANTHRACENE ug/l Low YES
FLUORANTHENE Mg/l Low YES
FLUORENE Mg/l Low YES
INDENO-[1,2,3-CD]-PYRENE Mg/l Low YES
NAPHTHALENE Mg/l Low YES
PHENANTHRENE ug/l Low YES
PYRENE Mg/l Low YES
1,2,3-TRICHLOROBENZENE Mg/l Low YES
1,2,4-TRICHLOROBENZENE Mg/l Low YES
1,3,5-TRICHLOROBENZENE pg/l Low YES
2,3,5,6-TETRACHLOROAMINOBENZENE
{2,...ANILINE} Mg/l Low YES
2,3,5,6-TETRACHLOROTHIOANISOLE Mg/l Low YES
ALDRIN ug/l Low YES
CHLORDANE CIS/Z/ALPHA Mg/l Low YES
CHLORDANE TRANS ug/l Low YES
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EA
Name Units Method suite

CHLOROPROPHAM Mg/l Low YES
CHLOROTHALONIL Mg/l Low YES
CIS-HEPTACHLOR EPOXIDE ug/l Low YES
DDE (OP) Mg/l Low YES
DDE (PP) Mg/l Low YES
DDT (OP) Mg/l Low YES
DDT (PP) Mg/l Low YES
DICHLOBENIL Mg/l Low YES
DIELDRIN Mg/l Low YES
ENDOSULPHAN ALPHA ug/l Low YES
ENDOSULPHAN BETA Mg/l Low YES
ENDRIN Mg/l Low YES
HCH ALPHA Mg/l Low YES
HCH BETA Mg/l Low YES
HCH DELTA ug/l Low YES
HCH GAMMA Mg/l Low YES
HEPTACHLOR ug/l Low YES
HEXACHLORO 1,3 BUTADIENE Mg/l Low YES
HEXACHLOROBENZENE Mg/l Low YES
ISODRIN Mg/l Low YES
METHOXYCHLOR Mg/l Low YES
PCB CONGENER 028 ug/l Low YES
PCB CONGENER 052 Mg/l Low YES
PCB CONGENER 101 Mg/l Low YES
PCB CONGENER 105 Mg/l Low YES
PCB CONGENER 118 pg/l Low YES
PCB CONGENER 138 Mg/l Low YES
PCB CONGENER 153 Mg/l Low YES
PCB CONGENER 156 ug/l Low YES
PCB CONGENER 180 Mg/l Low YES
PENDIMETHALIN pg/l Low YES
PROPACHLOR Mg/l Low YES
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EA
Name Units Method suite

TDE (OP) Mg/l Low YES
TDE (PP) Mg/l Low YES
TECNAZENE ug/l Low YES
TRANS-HEPTACHLOR EPOXIDE Mg/l Low YES
TRIFLURALIN Mg/l Low YES
ATRAZINE {} Mg/l Low YES
ATRAZINE DESETHYL {DE-ETHYL
ATRAZINE} Mg/l Low YES
ATRAZINE DESISOPROPYL Mg/l Low YES
AZINPHOS-ETHYL ug/l Low YES
AZINPHOS-METHYL Mg/l Low YES
BENDIOCARB ug/l Low YES
BUPIRIMATE Mg/l Low YES
CARBOPHENOTHION Mg/l Low YES
CHLORFENVINPHOS Mg/l Low YES
CHLORPYRIFOS Mg/l Low YES
CHLORPYRIPHOS-METHYL ug/l Low YES
COUMAPHOS ug/l Low YES
CYANAZINE Mg/l Low YES
DESMETRYNE Mg/l Low YES
DIAZINON Mg/l Low YES
DICHLORVOS ug/l Low YES
DIMETHOATE Mg/l Low YES
ETHION ug/l Low YES
ETHOFUMESATE Mg/l Low YES
FENCHLORPHOS {RONNEL.} Mg/l Low YES
FENITROTHION Mg/l Low YES
FENPROPIMORPH pg/l Low YES
FENTHION ug/l Low YES
FONOFOS ug/l Low YES
IODOFENPHOS ug/l Low YES
IPRODIONE Mg/l Low YES
IRGAROL 1051 pg/l Low YES
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EA
Name Units Method suite

MALATHION Mg/l Low YES
METALAXYL Mg/l Low YES
METAZACHLOR ug/l Low YES
MEVINPHOS Mg/l Low YES
NAPROPAMIDE Mg/l Low YES
PARATHION {PARATHION ETHYL} Mg/l Low YES
PARATHION-METHYL {} Mg/l Low YES
PHORATE Mg/l Low YES
PIRIMICARB Mg/l Low YES
PIRIMIPHOS METHYL {METHYL
PIRIMIPHOS} Mg/l Low YES
PIRIMIPHOS-ETHYL ug/l Low YES
PROCHLORAZ Mg/l Low YES
PROMETHRYN Mg/l Low YES
PROPAZINE Mg/l Low YES
PROPETAMPHOS Mg/l Low YES
PROPYZAMIDE ug/l Low YES
SIMAZINE Mg/l Low YES
TERBUTRYN Mg/l Low YES
TRIAZOPHOS Mg/l Low YES
TRIETAZINE Mg/l Low YES
2,3-DIMETHYLPHENOL {2,3-XYLENOL} ug/l Low YES
2,4,5-TRICHLOROPHENOL Mg/l Low YES
2,4,6-TRICHLOROPHENOL ug/l Low YES
2,4-DICHLOROPHENOL Mg/l Low YES
2,4-DIMETHYLPHENOL {2,4-XYLENOL} Mg/l Low YES
2,5-DICHLOROPHENOL Mg/l Low YES
2,5-DIMETHYLPHENOL {2,5-XYLENOL} pg/l Low YES
2,6 DIMETHYLPHENOL {2,6 XYLENOL} ug/l Low YES
2,6-DICHLOROPHENOL Mg/l Low YES
2-CHLOROPHENOL ug/l Low YES
2-METHYLPHENOL {O-CRESOL} Mg/l Low YES
3,4 DIMETHYLPHENOL {3,4 XYLENOL} pg/l Low YES
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EA
Name Units Method suite

3,5-DIMETHYLPHENOL {3,5-XYLENOL} Mg/l Low YES
3-CHLOROPHENOL Mg/l Low YES
3-METHYLPHENOL {M-CRESOL} ug/l Low YES
4-CHLORO-3-METHYLPHENOL {P-
CHLORO-M-CRESOL} ug/l Low YES
4-CHLOROPHENOL Mg/l Low YES
4-METHYLPHENOL {P-CRESOL} Mg/l Low YES
PENTACHLOROPHENOL Mg/l Low YES
PHENOL Mg/l Low YES
GCMS : Low Level Semi-Volatile Screen :
Gwtrs Text Low
BIFENTHRIN ug/l Low YES
CYFLUTHRIN Mg/l Low YES
CYPERMETHRIN Mg/l Low YES
CYPERMETHRIN ID Mg/l Text YES
DELTAMETHRIN Mg/l Low YES
FLUMETHRIN ug/l Low YES
LAMBDA CYHALOTHRIN Mg/l Low YES
PERMETHRIN, CIS ug/l Low YES
PERMETHRIN, TRANS Mg/l Low YES
CHLORMEQUAT Mg/l Low YES
1,1,1-TRICHLOROETHANE Mg/l Low YES
1,1,2-TRICHLOROETHANE Mg/l Low YES
1,1-DICHLOROETHANE ug/l Low YES
1,1-DICHLOROETHENE Mg/l Low YES
1,2 -DICHLOROETHENE (CIS) ug/l Low YES
1,2 -DICHLOROETHENE (TRANS) Mg/l Low YES
1,2-DICHLOROETHANE {ETHYLENE
DICHLORIDE} Mg/l Low YES
1,2-DIMETHYLBENZENE {O-XYLENE} Mg/l Low YES
BENZENE ug/l Low YES
BROMODICHLOROMETHANE Mg/l Low YES
CHLORODIBROMOMETHANE ug/l Low YES
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Name Units Method suite

ETHENYLBENZENE {VINYLBENZENE}
{STYRENE} Mg/l Low YES
ETHYLBENZENE ug/l Low YES
GCMS : Volatile Screen for Gwtrs text Low
TETRACHLOROETHENE
(PER/TETRACHLOROETHYLENE) Mg/l Low YES
TETRACHLOROMETHANE {CARBON
TETRACHLORIDE} Mg/l Low YES
TOLUENE (METHYLBENZENE) Mg/l Low YES
TRIBROMOMETHANE {BROMOFORM} Mg/l Low YES
TRICHLOROETHENE
(TRICHLOROETHYLENE) Mg/l Low YES
TRICHLOROMETHANE {CHLOROFORM} Mg/l Low YES
XYLENE (META & PARA)1,3+1,4-
dimethylbenzene} Mg/l Low YES
METHANE - AS CH4 mg/I Low YES
1,1,1,2 -TETRACHLOROETHANE Mg/l Low YES
1,1,2,2-TETRACHLOROETHANE
{ACETOSANKBONAFORM}C Mg/l Low YES
ETHYL TERTIARY BUTYL ETHER (ETBE) Mg/l Low YES
MTBE {METHYL TERT-BUTYL ETHER} Mg/l Low YES
TERTIARY AMYL METHYL ETHER (TAME) | ug/l Low YES
SULPHIDE - AS S mg/l Low YES
ALDICARB ug/l Low YES
ALDICARB SULPHONE Mg/l Low YES
ALDICARB SULPHOXIDE ug/l Low YES
ASULAM Mg/l Low YES
CARBARYL pg/l Low YES
CARBENDAZIM Mg/l Low YES
CARBETAMIDE Mg/l Low YES
CARBOFURAN ug/l Low YES
CHLORIDAZON Mg/l Low YES
CHLOROTOLURON ug/l Low YES
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Name Units Method suite

CHLOROXURON Mg/l Low YES
DIFLUROBENZURON ug/l Low YES
DIURON ug/l Low YES
ETHIOFENCARB ug/l Low YES
FENURON Mg/l Low YES
ISOPROTURON (DIIP1,3DITHIOLAN-2-
YLIDENEMALONATE) ug/l Low YES
LINURON Mg/l Low YES
METHABENZTHIAZURON Mg/l Low YES
METHIOCARB ug/l Low YES
METHOMYL ug/l Low YES
METOXURON ug/l Low YES
METSULFURON - METHYL Mg/l Low YES
MONOLINURON Mg/l Low YES
MONURON Mg/l Low YES
NEBURON ug/l Low YES
OXAMYL ug/l Low YES
PROPOXUR ug/l Low YES
FLUTRIAFOL Mg/l Low YES
BICARBONATE - AS HCO3 mg/I Calculated YES
Multi residual (GCMS) scan, determinands
tested listed below text low YES
1200: Trihalomethn, pgl/l NO
5955: SI-G2, UNITLESS NO
5957: SI-G4, UNITLESS NO
6906: TETRACHLOROE, pg/l NO
6940: PhenolsSWAD, pg/l NO
8383: Xylene Tot, pg/l NO
9695: HcarbonsFilt, pg/l NO
9823: Permthrn c+t, ug/l NO
6946: Cyanide elib, pg/l NO
9880: Nitrate -NO3, mg/ NO
1,1-Dichloropropene NO
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Name Units Method suite
1,2-Dichloropropane NO
1,3-Dichloropropane TRANS NO
245-T NO
Ammonium mg/I NO
Bromomethane NO
Chloroethane NO
Clofenvinfos NO
COD NO
Chloromethane NO
Dalapon NO
DDT TOTAL NO
Delta.-Lindane NO
Dichlorobenzoic Acid NO
Dichlorodifluoromethane NO
Dichloromethane NO
Endosulfan A NO
Endosulfan B NO
Gasoline Range Organics/Extractable
Petroleum Hydrocarbons Organics (as a
screening for light (C4-C10) and heavy (C10-
C40) hydrocarbons) NO
Glyphosate NO
Phosphamidon NO
Phosphate NO
Trichlorofluoromethane NO
Turbidity NO
VinylChloride NO
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Annex B Drawdown Time Series

Vol 3 Plate K.24 Groundwater — Drawdown Time Series RUN 1
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Vol 3 Plate K.25 Groundwater — Drawdown Time Series RUN 2
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Vol 3 Plate K.26 Groundwater — Drawdown Time Series RUN 3
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Vol 3 Plate K.27 Groundwater — Drawdown Time Series RUN 4
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Vol 3 Plate K.28 Groundwater — Drawdown Time Series RUN 5
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Vol 3 Plate K.29 Groundwater — Drawdown Time Series RUN 6
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Vol 3 Plate K.30 Groundwater — Drawdown Time Series RUN 7
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Vol 3 Plate K.31 Groundwater — Drawdown Time Series RUN 8

2016 2017 2018 2019 2020 2021 2022 2016 2017 2018 2019 2020 2021 2022
0 0
1 -\
-
2
3 ‘/' 2 //
C 4 ) C
5 i 5
5° 5
7
8 \ ° i
9
10 8
Dolphin Square - Borehole A 2873873970141
= Grange 5t Pauls Hote!- Borzhole 28/39/38/0228
Mazximum Available Additional Drewdown
Maximum Avsilable Additional Drawdown
2016 2017 2018 2019 2020 2021 2022 2016 2017 2018 2019 2020 2021 2022
0 0 \
5 Ry g, - 5 _—~—
10 4
— — 6
E 15 E
c cC B
2 20 g
o 10
E 25 E
0 012
30 14
35 16
40 18
City Hall, The Que=ns Walk -Borshole 'B' 28/39/42/0062 Censds Wster, Sumey Qusys Rosd Borshole "A" 28/39/42/0048
Maximum Avsilable Additional Drawdown
Mazximurn Available Additional Drawdown
Maximum Avsilable Additional Drawdown
2016 2017 2018 2019 2020 2021 2022 2016 2017 2018 2019 2020 2021 2022
0 -‘: 0
2 . 1 B e
£ / £
S
8! Y| R = | 3
(] (]
6
4
8 2
Brook Street-Abh 2 28/39/42/0076
Deptford Pumping Station Point F 28/39/43/0019
Mazximum Available Additional Drewdown Maximurn Available Additional Drawdown
Volume 3 Appendices: Appendix K: Water resources — Page 84

Project-wide effects assessment

groundwater



Environmental Statement

Vol 3 Plate K.32 Groundwater — Drawdown Time Series RUN 9

2016 2017 2018 2019 2020 2021 2022 2016 2017 2018 2019 2020 2021 2022
0 ! 0 -‘
o fo ) -
5 ; |/ yd
= | c /
5 2
fol o\ ;
5° \ 5
7 N ) \
8
9
10 6
Dwolphin Square -Borshole A 28/389/38/0141
Grange 5t Peuls Hotel- Borshaole 28/39/33/0229
Maximum Avsilable Additional Drawdown
Maximum Avsailable Additional Drawdown
2016 2017 2018 2019 2020 2021 2022 2016 2017 2018 2019 2020 2021 2022
0 0
o g
5 2
10 4
_ — 6
E 15 E
C cC B
Z 20 g
o 10
E 29 E
] 012
30 14
35 16
40 18
City Hall, The Qusans Walk-Borehols ‘B’ 28/38/42/0062 = Cansads Water, Surray Quays Road Borshole "A" 28/38/42/0048
Maximum Avsilable Additional Drawdown
Maximum Avsilable Additionsl Drawdown
Maximum Available Additional Drawdown
2016 2017 2018 2019 2020 2021 2022 2016 2017 2018 2019 2020 2021 2022
0 -\ 0 —_——
2 \ \ / 1
E V — / g,
C C
24 5
= =
: ;s
O ]
6
4
8 5
Brook Street- Abh 2 28/39/42/0076 X X X e
Deptford Pumping Station Point F 28/28/43/0019
Maximum Avsilable Additional Drawdown Maximum Avsilable Additional Drawdown
Volume 3 Appendices: Appendix K: Water resources — Page 85

Project-wide effects assessment

groundwater



This page is intentionally blank




Environmental Statement

Annex C Groundwater contour maps

Groundwater Levels RUN1 - SP4, TS5

Vol 3 Plate K.33 Groundwater — contours on lower aquifer water level, mATD,
flood colour denotes drawdown.
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Vol 3 Plate K.34 Groundwater — contours on lower aquifer water level, mATD,
flood colour denotes elevation

Groundwater levels RUN1 — SP10, TS5

Vol 3 Plate K.35 Groundwater — contours on lower aquifer water level, mATD,
flood colour denotes drawdown.
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Vol 3 Plate K.36 Groundwater — contours on lower aquifer water level, mATD,
flood colour denotes elevation
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Groundwater levels RUN1 — SP25, TS5

Vol 3 Plate K.37 Groundwater — contours on lower aquifer water level, mATD,
flood colour denotes drawdown
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Vol 3 Plate K.38 Groundwater — contours on lower aquifer water level, mATD,
flood colour denotes elevation

Groundwater levels RUN1 — SP45, TS5

Vol 3 Plate K.39 Groundwater — contours on lower aquifer water level, mATD,
flood colour denotes drawdown
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Vol 3 Plate K.40 Contours on lower aquifer water level, mATD, flood colour
denotes elevation
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Groundwater levels RUN3 — SP4, TS5

Vol 3 Plate K.41 Contours on lower aquifer water level, mATD, flood colour
denotes drawdown.
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Vol 3 Plate K.42 Contours on lower aquifer water level, mATD, flood colour
denotes elevation

Groundwater levels RUN3 - SP10, TS5

Vol 3 Plate K.43 Contours on lower aquifer water level, mATD, flood colour
denotes drawdown.
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Vol 3 Plate K.44 Contours on lower aquifer water level, mATD, flood colour
denotes elevation
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Groundwater levels RUN3 — SP25, TS5

Vol 3 Plate K.45 Contours on lower aquifer water level, mATD, flood colour
denotes drawdown.
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Vol 3 Plate K.46 Contours on lower aquifer water level, mATD, flood colour
denotes elevation

Groundwater levels RUN3 — SP45, TS5

Vol 3 Plate K.47 Contours on lower aquifer water level, mATD, flood colour
denotes drawdown.
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Vol 3 Plate K.48 Contours on lower aquifer water level, mATD, flood colour
denotes elevation
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Annex D Groundwater drawdown maps

Vol 3 Plate K.49 Groundwater — Contour Maps Groundwater Drawdown RUN 1
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Vol 3 Plate K.50 Groundwater Drawdown RUN 2

Drawdown
Stress Period 10, Times Step 5.

Drawdown
Stress Period 25, Times Step 5.

Drawdown
Stress Period 45, Times Step 5.
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Vol 3 Plate K.51 Groundwater Drawdown RUN 3

Drawdown
Stress Period 10, Times Step 5.

Drawdown
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Vol 3 Plate K.52 Groundwater Drawdown RUN 4

Drawdown
Stress Period 10, Times Step 5.

Drawdown
Stress Period 25, Times Step 5.

Drawdown
Stress Period 45, Times Step 5.
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Vol 3 Plate K.53 Groundwater Drawdown RUN 5

Drawdown
Stress Period 10, Times Step 5.

{

Drawdown
Stress Period 25, Times Step 5

Drawdown
Stress Period 45, Times Step 5.
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Vol 3 Plate K.54 Groundwater Drawdown RUN 6
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Drawdown 3
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Vol 3 Plate K.55 Groundwater Drawdown RUN 7

Drawdown
Stress Period 10, Times Step 5

Drawdown L
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Drawdown
Stress Period 45, Times Step 5.
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Vol 3 Plate K.56 Groundwater Drawdown RUN 8
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Vol 3 Plate K.57 Groundwater Drawdown RUN 9

Drawdown
Stress Period 10, Times Step 5.

Drawdown
Stress Period 25, Times Step 5.

Drawdown v
Stress Period 45, Times Step 5.
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Annex E Saturated and dry zone maps

Layer 1. Extent of Saturated/Unsaturated/Dry Conditions (RUN1)
Vol 3 Plate K.58 Groundwater — Stress Period 1 Time Step 1
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Layer 2. Extent of Saturated/Unsaturated/Dry Conditions (RUN 1)
Vol 3 Plate K.60 Groundwater —Stress Period 1 Time Step 1

. Ory Cell
. Flaoded Cell
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Layer 3. Extent of saturated/unsaturated/dry conditions (RUN 1)
Vol 3 Plate K.62 Groundwater — Stress Period 1 Time Step 1

Ciry Cell

Flooded Cell

Vol 3 Plate K.63 Groundwater — Stress Period 45 Time Step 5

Rl
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Annex F Drain cell flux

Vol 3 Plate K.64 Groundwater — Drain Cells Flux (RUN 1)

3000
2500 k\
2000
=l
b2
E 1500
-4
=
= K
B LT e I e I
500
D 1 I I I 1 1 L : 1 1 1 I I I 1 I 1 1 L : 1 1 1
2016 2017 2018 2019 2020 2021 2022
Vol 3 Plate K.65 Groundwater — Drain Cells Flux (RUN 2)
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Vol 3 Plate K.66 Groundwater — Drain Cells Flux (RUN 3)
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Vol 3 Plate K.67 Groundwater — Drain Cells Flux (RUN 4)
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Vol 3 Plate K.68 Groundwater — Drain Cells Flux (RUN 5)
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Vol 3 Plate K.69 Groundwater — Drain Cells Flux (RUN 6)
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Vol 3 Plate K.70 Groundwater — Drain Cells Flux (RUN 7)
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Vol 3 Plate K.71 Groundwater — Drain Cells Flux (RUN 8)
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Vol 3 Plate K.72 Groundwater — Drain Cells Flux (RUN 9)
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Appendix L: Water resources — surface water

L.1 CSO control and performance of the Thames
Tideway Tunnel

L1121 The following report has its own table of contents.
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Appendix L: Water resources — surface water

L.1 CSO control and performance of the Thames
Tideway Tunnel

Introduction

L.1.1 This report summarises the objectives and proposed levels of
performance for the Thames Tideway Tunnel project.

L.1.2 The Thames Tideway Tunnel project is part of the London Tideway
Improvements (LTI). The London Tideway Improvements comprise three
major engineering schemes to reduce combined sewer overflows and
improve water quality in the River Thames. These comprise:

a. Sewage treatment works (STW) improvements - upgrades are
proposed at five major STW affecting the Tidal Thames; Mogden,
Beckton, Crossness, Riverside and Long Reach STW.

b. The Lee Tunnel — a storage and transfer tunnel from Abbey Mills
Pumping Station to Beckton STW and the interception of the Abbey
Mills combined sewer overflow (CSO). The Lee Tunnel is currently
under construction.

c. The Thames Tideway Tunnel.

L.1.3 The Lee Tunnel and the Thames Tideway Tunnel are known collectively
as the London Tideway Tunnels.

L.1.4 The reported modelled performances in this report are based on the
catchment modelling and simulation runs. Three modelling scenarios are
presented:

a. The Existing System is the scenario based on 2006 population figures
and the existing sewerage system and STW capacity. This is the
existing baseline.

b. The Lee Tunnel is the scenario with projected 2020s population, the
sewage works upgrades at the five STWs and completion of the Lee
Tunnel. This is the base case performance for the Thames Tideway
Tunnel.

c. The Thames Tideway Tunnel is the scenario with projected 2020s
population, the STW upgrade at the five STWSs, the Lee Tunnel and
completion of the Thames Tideway Tunnel.

L.1.5 This report includes specific details on the following:

a. CSO categorisation and the baseline and base case conditions for the
Thames Tideway Tunnel scenario

b. Proposed control performance objectives for CSOs requiring control
and proposed CSO performance at all other Tidal Thames CSOs.
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L.1.6

L.1.7

L.1.8

L.1.9

L.1.10

L.1.11

c. Proposed operating strategy and control of discharges from the Abbey
Mills pumping station CSO which form the basis of the Operating
Techniques'.

d. Evaluation of the London Tideway Improvements in meeting dissolved
oxygen (DO) targets in the Tidal Thames.

Objectives of the Thames Tideway Tunnel project

The overall objectives of the project are to help meet the requirements of
the Urban Wastewater Treatment Directive (UWWTD)?* and the bespoke
water quality standards developed in the Thames Tideway Strategic Study
(TTSS) (Thames Water, 2005)°. The Thames Tideway Tunnel project
would help to achieve compliance with the Water Framework Directive
(WFD).

The UWWTD does not specify numerical values for the level of control:
either for CSO volume, number of discharges or duration of discharges.
The setting of values is devolved to and is the responsibility of the
appropriate authority in the member states of the European Union. The
project’'s CSO control targets have therefore been developed based on
discussions with the Environment Agency (EA) with the primary objective
of controlling unsatisfactory CSOs to no more than 4 events per year in a
Typical Year under current conditions.

The EA have been consulted and involved throughout the development of
the system design and operating strategy. They have expressed
continuous support for the Thames Tideway Tunnel as well as confirming
that when the London Tideway Improvements is completed, the dissolved
oxygen standards developed by the TTSS are met and that the Thames
Tideway Tunnel targets comply with the UWWTD.

The WFD requires Member States to set targets for ecological condition in
all water bodies. The UK has set a target for a ‘good’ ecological potential
for the Tidal Thames by 2027. The Thames Tideway Tunnel as part of the
London Tideway Improvements will help towards compliance with the
WEFD, however as part of the TTSS, bespoke dissolved oxygen standards
for water quality in the Tidal Thames has also been set.

Although the proposed date for completion of the Thames Tideway Tunnel
is 2023, the project is intended to control CSOs for a much longer period
and so would need to be resilient to change. Change would occur in
population and climate which would affect flows in the system. To assess
the resilience of the project to change, projections of population and
climate for 2080have been evaluated in the Resilience to Change report
and this is considered in Volume 3 Section 14.

During the TTSS, the EA categorised the 57 CSOs that were identified as
discharging to the Tidal Thames to determine which CSOs were

' The Environment Agency have agreed to regulate the residual CSO discharges to the Tidal Thames with Permits
to Discharge that include Operating Techniques as the principal condition for compliance, The Operating
Techniques for the London Tideway Tunnels describe how the tunnel system will be operated in conjunction with
the main STW to achieve compliance with the Permit.
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L.1.12

L.1.13

L.1.14

L.1.15

L.1.16

unsatisfactory (Category 1 and 2) and not unsatisfactory (Category 3 and
4). The CSO categories are classed as follows:

a. Category 1: CSOs that operate frequently and have an adverse
environmental impact.

b. Category 2: CSOs that do not operate frequently but which have an
adverse environmental impact.

Category 3: CSOs which have no significant environmental impact.

Category 4: CSOs that operate frequently but have been assessed as
not having an adverse environmental impact.

The EA identified 36 of the 57 CSOs as unsatisfactory CSOs which should
be controlled. Of the 36 CSOs, 34 CSOs discharge to the Tidal Thames
while the other two CSO discharges to the River Lee. The Abbey Mills
CSO to the River Lee would be controlled by the Lee Tunnel (which is
currently under construction) and the Wick Lane CSO controlled by a
separate project.

Monitoring of CSO discharges over the past few years and the current
analysis of the sewerage system generally reinforce this categorisation of
CSOs. No change to the characterisation of CSOs is currently proposed.
However, the EA may, at their discretion, change the characterisation of
some of the lower volume and frequency CSOs. Such changes are not
expected to change the Thames Tideway Tunnel.

Description of existing conditions

During dry weather flow (DWF), foul flow in the Beckton and Crossness
STW catchment are collected by local, trunk and interceptor sewers which
generally run west to east. These are represented in Vol 3 Plate L.1

In the Beckton catchment (north of the Tidal Thames), the main interceptor
trunk sewers are High Level No. 1, Mid Level No. 1 and No. 2 and Low
Level No. 1 and No.2. The High Level No. 1 and Mid Level No.1 and No.2
sewers deliver flow by gravity to the Beckton STW via the Northern Outfall
sewers (NOS). The Northern Low Level No.1 and No.2 are pumped to the
NOS at Abbey Mills Pumping Station. The NOS delivers flow by gravity to
Beckton STW.

In the Crossness catchment (south of the Tidal Thames), the main
interceptor trunk sewers are the High Level No. 1 and No.2, and Low
Level No. 1 and No. 2. The High Level sewers deliver flow by gravity to the
inlet pumping station at Crossness STW. The southern Low Level sewers
are pumped to the Southern Outfall sewers (SOS) No.1 and No.2 at
Greenwich Pumping Station (Vol 3 Plate L.1). The Southern Outfall
sewers deliver flow by gravity to the inlet pumping station at Crossness
STW.

Volume 3 Appendices: Project-  Appendix L.1: CSO control and Page 3
wide effects assessment performance of Thames Tideway

Tunnel



Environmental Statement

Vol 3 Plate L.1 Beckton and Crossness Trunk Interceptor Sewers
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L.1.17 During rainfall and subsequent runoff, additional flow (a mixture of
untreated sewage and captured rainfall runoff) occurs in the sewer
system. The additional flow can cause the diversion structures (weirs, etc)
to overtop and spill into the storm relief (SR) sewers which discharge at
various outfalls along the Tidal Thames as well as the River Lee, River
Wandle and Deptford Creek as CSOs. The system is designed to
differentially spill untreated sewage combined with rainfall runoff to the
Tidal Thames rather than flood streets and properties.

L.1.18 The Typical Year was selected during the TTSS to represent the most
“typical” 12 month period of rainfall observed between 1970 and 2011 and
is used to evaluate the annual CSO performance of the existing sewerage
system and later the Thames Tideway Tunnel. It covers the period from
October 1979 to September 1980 and is a leap year (8,784 hours). The
period from October Year X to September Year X+1 is termed a water
year and is a better representation of hydrologic conditions than that given
by a calendar year. The Typical Year is the 1980 water year.

L.1.19 The total volume, number and duration of discharges at each CSO during
the Typical Year for the existing and 2020s conditions are represented in
Vol 3 Table L.1 and Vol 3 Plate L.2 and Vol 3 Plate L.3 This shows the
progressive improvements that would be achieved through the sewage
works upgrades (STW improvements) and the Lee Tunnel project in 2020s
against the existing system CSO performance.
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L.1.20

L.1.21

L.1.22

L.1.23

L.1.24

L.1.25

For each river reach, the total discharge volume and maximum number
and maximum duration of discharges from all modelled CSOs in that reach
is reported.

With the STW improvements to Beckton and Crossness, the annual total
CSO volume reduces to about 24 million m?, representing a 40% capture
of the existing system of about 39 million m®. Reduction in annual CSO
discharges and events are predicted at Abbey Mills and Greenwich
Pumping Station CSO because more flows are passed towards the STWs
before diversion to the river due to the expanded treatment capacity at
Beckton and Crossness STW respectively. Some increase in CSO volume
and discharge events are predicted at the remaining unsatisfactory CSOs
due to increased population in the 2020s.

With the STW improvements and Lee Tunnel project, the annual total
CSO volume reduces to about 18 million m?, representing a 56% capture
of the existing system of about 39 million m®. Over 50 separate discharge
events are predicted at Hammersmith pumping station CSO. Three other
pumping stations record over 40 separate discharge events and a total of
17 CSOs producing 20 or more discharge events in the Typical Year.

There will no longer be any discharges at the existing Abbey Mills CSOs,
because the Lee Tunnel will capture the Abbey Mills CSO discharges.
The captured flow will be transferred to the Beckton STW for treatment or
will be discharged from the new Tideway CSO (at Beckton STW)when the
Lee Tunnel fills to the Tideway CSO overflow level of 4.2mAQOD.

In the Typical Year, the majority of CSO discharges from Abbey Mills will
be captured by the Lee Tunnel and transferred to Beckton STW. The
exceptions are three events where the Lee Tunnel will fill to the new
Tideway CSO overflow level, and discharge to the river at Beckton STW,
producing an annual discharge volume of about 609,000m? over a total
annual spill duration of 18 hours.

The STW improvements and Lee Tunnel in 2020s is the base case for
evaluating the performance of the Thames Tideway Tunnel.
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Vol 3 Table L.1 Typical year CSO performance for the existing system, existing
system with STW Improvements and 2020s population and Lee tunnel with
STW Improvements and 2020s population

Existing System & Existing STW 2006

Existing System and STW Improvements 2020s

STW Improvements and Lee Tunnel 2020s

LTTID EA Cat C50 Name
Total Volume ... | spillDuration | Total Volume 5 | spillDuration | Total volume 4. | spill Duration
[m’)'/h' No. of spills (hrs)® () ajb. No. of spills (hrs) ® [m’)'/h' No. of spills (hrs)™
Cs01X Cat1 Acton Storm Relief 312,000 29 152 324,000 30 163 178,000 17 84
502X Cat2 Stamford Brook Storm Relief 500 2 2 500 2 2 300 2 2
CS05X Catl West Putney Storm Relief 35,000 30 118 37,000 30 i 37,000 31 123
Cs37X Cat3 LL1 Brook Green 0 o 0 o 0 o 0 o 0
C€so3x Cat2 North West Storm Relief 2,800 1 1 4,000 1 1 3,900 1 1
Cso4ax Cat1 Hammersmith Pumping Station 2,210,000 51 650 2,360,000 53 693 2,350,000 54 698
CS06X Cat1 Putney Bridge 68,000 33 107 71,000 33 110 71,000 33 110
Upstream Putney Bridge Total / E= 2,630,000 51 650 2,800,000 53 693 2,640,000 54 698
CS07A Catl Frogmore Storm Relief - Bell Lane 18,000 32 136 19,000 32 141 13,000 32 141
Cs07B Catl Frogmore Storm Relief - Buckhaold Road 86,000 21 72 89,000 21 72 89,000 21 72
CSO8A Cat1 Jews Row - Wandle Valley Storm Relief 300 1 2 3,000 2 7 3,000 2 7
Cs08B Cat3 Jews Row - Falcon Brook Storm Relief 7,400 2 7 7,500 2 7 7,500 2 7
CS09X Cat1 Falcon Brook Pumping Station 709,000 42 267 780,000 42 291 780,000 42 291
510X Catl Lots Rd Pumping Station 1,140,000 38 346 1,260,000 42 409 1,260,000 42 407
Cs11X Cat2 Church Street 0 o 0 o 0 o 0 o 0
512X Cat2 Queen Street 0 a 0 a 0 a 0 a 0
CS13A Cat2 Smith Street Main Line 1,400 4 8 1,500 4 8 1,500 4 8
Cs138 Cat2 Smith Street Relief 0 o 0 o 0 o 0 o 0
514X Catl Ranelagh 283,000 26 142 306,000 23 157 306,000 23 157
515X Catl Western Pumping Station 2,050,000 37 200 2,320,000 41 228 2,320,000 41 228
CS17X Catl South West Storm Relief 228,000 13 39 239,000 13 40 239,000 13 40
816X Cat1 Heathwall Pumping Station 655,000 34 200 748,000 39 248 748,000 39 248
C€s18X Cat2 Kings Schalars Pond Storm Relief 1,400 3 5 1,800 3 5 1,800 3 5
519X Cat1 Clapham Storm Relief 13,000 6 14 14,000 6 15 14,000 6 15
520X Catl Brixton Storm Relief 265,000 29 133 273,000 31 141 279,000 31 141
Cs21x Cat2 Grosvenor Ditch 2,600 3 7 3,000 4 9 3,000 4 9
539X Cat3 Harseferry 3,400 3 7 3,800 3 7 3,800 3 7
CS40X Cat3 Wood Street 0 a 0 a 0 a 0 a 0
522X Cat1 Regent Street 22,000 5 13 26,000 10 21 26,000 10 21
523X Catl Northumberland Street 72,000 13 34 88,000 14 43 88,000 14 43
524X Cat2 Savoy Street 8,500 20 51 8,600 20 51 8,600 20 51
525X Cat2 Norfolk Street 0 a 0 a 0 a 0 a 0
826X Cat2 Essex Street 2,100 3 6 2,300 3 6 2,300 3 6
C827X Cat1 Fleet Main 521,000 21 75 571,000 23 83 571,000 23 83
542X Cat3 Pauls Pier 0 0 0 0 0 0 0 0 0
555X Catd London Bridge 3,300 7 14 9,100 9 16 9,100 3 16
Downstream Putney Bridge to London Bridge
Total / Maximum ™'® 6,100,000 a2 346 6,780,000 42 409 6,780,000 42 407
€828X Cat1 Shad Thames Pumping Station 92,000 15 70 101,000 15 70 100,000 15 69
543X Cat3 Battle Bridge 0 o 0 o 0 o 0 o 0
544X Cat3 Beer Lane 0 0 0 0 0 0 0 0 0
545X Cat3 Iron Gate 200 1 2 200 1 2 200 1 2
546X Cat3 Nightingale Lane 0 0 0 0 0 0 0 0 0
849X Cat3 Cole Stairs 0 a 0 a 0 a 0 a 0
CS50X Cat3 Bell Wharf 0 0 0 0 0 0 0 0 0
529X Cat1 North East Storm Relief 782,000 31 286 847,000 32 307 848,000 32 307
851X Cat3 Ratcliffe 0 0 0 0 0 0 0 0 0
Cs31X Catl Earl Pumping Station 539,000 26 184 593,000 29 205 594,000 30 207
CS30X Catl Holloway Storm Relief 7,900 9 21 8,500 10 25 8,500 10 25
852X Cat3 Blackwall Sewer 0 a 0 a 0 a 0 a 0
CS36X Cat2 Wick Lane 0 o 0 o 0 o 0 o 0
832X Catl Deptford Storm Relief 1,470,000 36 252 1,970,000 39 341 1,580,000 39 342
533X Catl Greenwich Pumping Station 8,320,000 51 672 3,930,000 28 239 3,540,000 28 240
Downstream London Bridge to Greenwich Total /
i e 11,200,000 51 672 7,450,000 19 341 7,470,000 39 342
856X Cat4 Isle of dogs Pumping Station (Foul only) 13,000 6 9 13,000 7 11 13,000 7 11
535X Cat1 Abbey Mills Pumping Station from STATION F 15,300,000 56 873 5,040,000 42 266 0 0 0
535X Catl Abbey Mills Pumping Station from STATION A 4,100,000 45 403 1,760,000 36 163 0 0 0
Cs57X Cat4 Canning Town Pumping Station 0 o 0 o 0 o 0 o 0
534X Catl Charlton storm Relief 600 2 3 900 2 3 900 2 3
853X Cat3 Henley Road 0 0 0 0 0 0 0 0 0
Downstream Greenwich to Henley Road Total /
i B 19,400,000 56 873 6,810,000 42 266 14,000 7 11
Crossness STW Storm Tanks 308,000 3 27 50,000 3 8 30,000 3 8
Tideway CSO a 0 a 609,000 3 18
Total / Maximum " to the River
(€S0 + Tunnel Overflow) 39,600,000 56 373 23,900,000 53 693 17,600,000 54 698
Beckton Catchment 444,600,000 8784 509,500,000 0 8784 508,500,000 8784
geT Tunnel Pump Out nfa nfa n/a 0 0 6,200,000 784
o Beckton STW
(Works (Catchment + Tunnel Pump Out) 444,600,000 8784 509,500,000 0 0 514,700,000 8784
Crossness STW 200,600,000 8784 231,600,000 0 8784 230,900,000 8784
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Vol 3 Plate L.2 Typical year CSO volume performance along the tidal Thames
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Vol 3 Plate L.3 Typical year CSO event performance along the tidal Thames
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L.1.26

L.1.27

L.1.28

L.1.29

L.1.30

L.1.31

L.1.32

Thames Tideway Tunnel overview and modelling
methodology

Overview

The following sections outline which CSOs need to be controlled, where
work is required, how CSOs would be intercepted and/or controlled and
the basic dimensions of the system.

The proposed works would connect and control 34 unsatisfactory
Category 1 and Category 2 CSOs to the Thames Tideway Tunnel which
would extend approximately 25km from Acton Storm Tanks (in west
London) to a connection to the Lee Tunnel at Abbey Mills (in east
London).

From Acton Storm Tanks to Carnwath Road Riverside (approximately
6.8km), the main tunnel would be 6.5m internal diameter and from
Carnwath Road Riverside to Abbey Mills (approximately 18.2km), the main
tunnel would be 7.2m internal diameter.

Combined sewage captured by the Thames Tideway Tunnel and Lee
Tunnel (the London Tideway Tunnels) would be transferred to the Tideway
Pumping Station which would pump flows to the Beckton STW for
treatment. The Tideway CSO (established as part of the Lee Tunnel
project) would discharge pumped flows from the tunnel system to the Tidal
Thames at Beckton STW when the tunnel system reaches a pre-set level
that is near full storage capacity.

Additional connection tunnels would store and convey combined sewage
from CSOs not immediately adjacent to the main tunnel and would
include:

a. A 5m internal diameter 4.5km long connection tunnel from Greenwich
Pumping Station to the main tunnel at Chambers Wharf. The
Greenwich connection tunnel would also capture flow from Deptford
CSO and Earl Pumping Station CSO.

b. A 2.6m internal diameter 1.1km long connection tunnel from
Frogmore-Buckhold Road CSO to the main tunnel at Carnwath Road
Riverside. The Frogmore connection tunnel would also capture flow
from Frogmore — Bell Lane Creek CSO.

All 34 unsatisfactory CSOs would be controlled either by direct
interception through construction of interception chambers and ancillary
works at existing CSOs or through modifications to sewer system
operations, particularly at pumping stations.

At three locations along the northern Low Level No.1 (nLL1) sewer, relief
weirs are proposed d which would allow for greater capture of flow at the
proposed adjacent CSO interception. This additional capture of flow would
provide additional relieve to the nLL1, and avoid the need for construction
of interception chambers and tunnel connection shafts at other
unsatisfactory CSOs along the nLL1.
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L.1.33

L.1.34

L.1.35

General assumptions

There are assumptions and dimensions that affect CSO control and
overall system performance. These are set parameters which form the
basis for the Thames Tideway Tunnel performance evaluation and are
summarised as follows:

a.

STW capacity improvement (expansion) at Beckton STW to 27m°/s
and at Crossness STW to 12.9m%/s

completion of the 7.2m internal diameter Lee Tunnel from Abbey Mills
Pumping Station to Beckton STW and to the Tideway CSO

creation of a new CSO at Beckton: the Tideway CSO

expansion of pumping capacity of the Tideway Pumping Station to
12.2m%s

Thames Tideway Tunnel, Lee Tunnel and ancillary tunnels and shafts
storage volume of about 1.57 million m* at the tunnel completely full
level of OmMAOD

discharges from the Abbey Mills CSO at an estimated frequency of, on
average, once every ten years based on the long term annual series
rainfall events selected from 1970 to 2011

evaluations of system annual performance based on the Typical Year
of October 1979 to September 1980

evaluation of system performance based on projected 2020s
population

More specific modelling assumptions are also discussed in Catchment
modelling methodology and assumptions and Water quality modelling
methodology and assumptions.

Proposed method of CSO control and overall plan

Vol 3 Table L.2 provides an overview of how each of the 34 unsatisfactory
CSO is proposed to be controlled.

Vol 3 Table L.2 Method of flow control for each CSO

CSO ref Method of overflow control

Combined sewer
overflow

CS01X | Acton Storm Relief Interception

CS02X CSOs would indirectly control

Stamford Brook Storm Control measures at other

Relief this CSO

CS03X North West Storm Relief station operation changes

Hammersmith Pumping Station
interception and pumping

would indirectly control this
CsO
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CSO ref COMISNIES] SEEr Method of overflow control
overflow
. : Upstream interception and
CS04X Hammersmlth Pumping pumping station operation
Station
changes
CS05X | West Putney Storm Relief | Interception
CS06X Putney Bridge Interception
CSO07A Frogmore Storm Relief —
Bell Lane Creek Intercention
CS07B Frogmore Storm Relief — P
Buckhold Road
CS08A | Jews ROW. Wandle Valley Modifications already in place
Storm Relief so CSO is satisfactoril
CS08B | Jews Row Falconbrook y
. controlled
Storm Relief
: Upstream interception and
CS09X Falc.onbrook Pumping pumping station operation
Station
changes
CS10X LOtS. Road Pumping Downstream interception
Station
Controlled indirectly by nLL1
CS11X | Church Street sewer connection relief works
at Ranelagh
Controlled indirectly by nLL1
CS12X Queen Street sewer connection relief works
at Ranelagh
CS13A Smith Street — Main Line Controlled indirectly by nLL1
Smith Street — Storm sewer connection relief works
CS13B :
Relief at Ranelagh
CS14X Ranelagh Interception and add_ltlonal_
nLL1 sewer connection relief
Controlled indirectly by nLL1
sewer connection relief works
at Ranelagh and Western
CS15X | Western Pumping Station Pumping Station operational
control changes to stop
pumping at higher flows and
instigate the relief at the nLL1
connection weir to Ranelagh.
CS16X Heathwall Pumping Station | Downstream interception
CS17X | South West Storm Relief Interception
CS18X Kings Scholars Pond Controll_ed indi_rectly by sewer
connection relief works at other
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CSO ref

Combined sewer
overflow

Method of overflow control

CSOs* and Western Pumping
Station operational control
changes to limit pass-forward
flow from Western Pumping
Station to 3m?/s.

CS19X

Clapham Storm Relief

Interception

CS20X

Brixton Storm Relief

Interception

CS21X

Grosvenor Ditch

Controlled indirectly by sewer
connection relief works at other
CSOs*

CS22X

Regent Street

Interception and additional
sewer connection relief

CS23X

Northumberland Street

Controlled indirectly by sewer
connection relief works at other
CSOs* and change to outfall
weir level.

CS24X

Savoy Street

Controlled indirectly by sewer
connection relief works at other
CSOs* and adjustment to relief
weir levels to divert more flow
to nLL2.

CS25X

Norfolk Street

Controlled indirectly by sewer
connection relief works at other
CSOs*. However outfall
believed blocked hence no
CSO possible.

CS26X

Essex Street

Controlled indirectly by sewer
connection relief works at other
CSOs*.

CS27X

Fleet Main

Interception and additional
nLL1 sewer connection relief

CS28X

Shad Thames Pumping
Station

Pumping station modifications
and operational changes.

CS29X

North East Storm Relief

Interception

CS30X

Holloway Storm Relief

Local modifications

CS31X

Earl Pumping Station

Upstream interception

CS32X

Deptford Storm Relief

Interception

Volume 3 Appendices: Project-

wide effects assessment

Appendix L.1: CSO control and
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CSO ref Combined sewer Method of overflow control
overflow

Upstream interception and
pumping station operation
changes to stop pumping at
higher flows and instigate relief
to the tunnel.

Greenwich Pumping

CS33X Station

Controlled by operation
changes at Greenwich
CS34X | Charlton Storm Relief Pumping Station and
improvements at Crossness
STW

* The additional sewer connection relief would be connections into the northern Low
Level Sewer No.1 at Ranelagh, Regent Street and Fleet Main CSOs

L.1.36 Vol 3 Plate L.4, Vol 3 Plate L.5 and Vol 3 Plate L.6 show a general
schematic layout of the tunnel alignment and identification of CSO
locations. Vol 3 Plate L.7 shows the general arrangement plan of CSO
connections to the London Tideway Tunnels.

L.1.37 These figures show the arrangement of CSOs and help to define the
system model, particularly naming conventions and sizes of main features
such as shaft and tunnel diameters.

Volume 3 Appendices: Project-  Appendix L.1: CSO control and Page 13
wide effects assessment performance of Thames Tideway
Tunnel
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Catchment modelling methodology and assumptions

L.1.38 Sewer catchment models are used to determine how flows are
transported through the collection system (sewers) and delivered to the
STWs. Flows are derived from established wastewater generated from
domestic and non-domestic (commercial and trade) flows, rainfall-runoff
processes and infiltration".

L.1.39 The sewer catchment model for the Beckton STW and Crossness STW
catchments provided the platform for compliance and design flow
analysis of the proposed Thames Tideway Tunnel and the operational
strategy of the overall sewerage system.

L.1.40 The Thames Water sewer model is an InfoWorks macro (planning)
model representation of the Beckton and Crossness catchment main
trunk sewer system. It does not contain all the local sewers, but
includes storage compensation for the missing local sewers. The
catchment model has been used for the Thames Tideway Tunnel
project since 2008 and in the TTSS.

L.1.41 No additional calibration of the model has been carried out for the
project: however internal audits have been carried out on impermeable
area, connected area and population contribution, and any
misrepresentations revised. Additional findings from sewer line and
level surveys undertaken by the project have also been used to update
the Beckton and Crossness sewer catchment model.

L.1.42 The sewer catchment model simulates the dry weather and storm
response of the catchment to rainfall. Using the model, estimations of
CSO discharge frequency, duration and volume can be made. In
addition flows to the STWSs, the design flows for hydraulic structures
and alternative operational strategies can be evaluated.

L.1.43 Key major inputs to the sewer catchment model are the rainfall events
and pumping stations capacity. Over 300 rainfall events including
design storms have been simulated. These rainfall events have been
selected from the 1970 to 2011 rainfall record.

L.1.44 The sewer catchment model has assumed installed pumping capacity
at all pumping stations i.e. all pumps installed are operating. This
maximises delivery of flow to the Tidal Thames and the Lee Tunnel and
Thames Tideway Tunnel for design purposes.

L.1.45 The catchment storm response and CSO performances have been
assessed for a standard set of rainfall events established for this
project. The rainfall data sets discussed in this report are outlined in Vol
3 Table L.4.

L.1.46 The Thames Tideway Tunnel CSO performance is gauged against the
Typical Year which represents the most “typical” 12 month period of
rainfall observed between 1970 and 2011.

" Infiltration occurs through imperfections in the sewer system (e.g. cracks). This can be a) dry weather base-
flow which is the night time flow into the sewer system from sources such as ground water table or adjacent
leaking clean water system which can vary seasonally or b) rainfall related infiltration from surrounding
permeable area.

Volume 3 Appendices: Appendix L.1: CSO control and Page 18
Project-wide effects assessment performance of the Thames
Tideway Tunnel
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L.1.47 As explained in the description of existing conditions section of the
appendix (para L.1.18), the Typical Year was established during the
TTSS and covers the water year period of 1% October 1979 to 30"
September 1980, and is a leap year.

Volume 3 Appendices: Appendix L.1: CSO control and Page 19
Project-wide effects assessment performance of the Thames

Tideway Tunnel
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L.1.48

L.1.49

L.1.50

L.1.51

L.1.52

L.1.53

L.1.54

L.1.55

As part of the Thames Tideway Tunnel project, the Beckton and
Crossness catchment model components have been continuously
updated with tunnel alignment and interception design revisions as part
of the optimisation process for CSO control. More than 100 tunnel
variations have been simulated between 2008 and 2012.

For the purposes of modelling to demonstrate levels of CSO control and
performance for the existing system, the STW Improvements and Lee
Tunnel and the Thames Tideway Tunnel, it was necessary to assume
that the operating state of the system pumping stations and diversion
structure settings within the local sewer system remained unchanged.

All rainfall simulation events outlined in Vol 3 Table L.3 have been
carried out without the presence of tides with the exception of the CTP"
summer event series. The presence of tide gates at the CSO outfalls
will reduce or prevent CSO discharge along the foreshore when the tide
level is higher than water level in the sewer. To maximise the CSO flow
at the outfalls, tides have not been simulated, allowing for a free
discharge at each CSO outfall.

The sewer catchment model is considered appropriate for the purpose
of demonstrating the impact on CSO control achieved by the completion
of the Thames Tideway Tunnel and the sewage flows conveyed to the
STWs. It is also appropriate for evaluating alternative arrangements and
control options, demonstrating compliance with the relevant legislation
and allowing comparisons of CSO control performance to the base case
i.e. the STW improvements and Lee Tunnel.

Water quality modelling methodology and assumptions

The QUESTS water quality model has been used to determine how the
dissolved oxygen in the Tidal Thames would change under different
CSO and STW discharges that are reflective of the project impacts
upon the system.

The QUESTS water quality model was developed by the EA and WRc
in the early 2000s as part of the TTSS. The model was verified and
calibrated against monitored events that showed significant depression
in the dissolved oxygen profile along the Tidal Thames between
Teddington and downstream of Beckton/Crossness STWSs. Events
included those with rainfall over the catchment which produced high
flows at the STWs and CSO discharges.

The CTP was developed to select rainfall events from the period of
record that would stress the river, particularly during elevated STW
discharges and CSO discharges. The CTP procedure defines critical
summer rainfall events and currently 242 events from the 1970 to 2010
summer period have been selected for simulation.

Water quality modelling of the Tidal Thames has been undertaken for
the CTP events to evaluate alternative tunnel alignment performances
and scenarios for compliance against the dissolved oxygen standards

The methodology outlined for the CTP includes simulation with historical tides to represent the ebb and flood

tides in the estuary water quality model.

Volume 3 Appendices: Appendix L.1: CSO control and Page 22
Project-wide effects assessment performance of Thames
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set by the TTSS (see Performance: Compliance to Dissolve Oxygen
Standards section of this appendix).

L.1.56 The water quality model has various inputs. The sewer catchment
model provides treated effluent flow data from the 5 main STWs
(Beckton, Crossness, Mogden, Riverside and Long Reach) and
discharges from CSOs into the QUESTS model. Historical gauged data
has been used to represent the flows from river tributaries into the Tidal
Thames. The schematic for the overall water quality modelling
framework is illustrated in Vol 3 Plate L.11.

Vol 3 Plate L.8 Schematic of Overall Water Quality Modelling Framework
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L.1.57 Parameters such as river temperature, tides and fresh water inflow
have been kept consistent between scenarios representing the existing
and 2020s conditions.

L.1.58 Standard default InfoWorks water quality parameters have been used in
all the model simulations. The simulated results for CSO discharges
(flows), CSO water quality and STW effluent flows have been used in
the QUESTS water quality modelling.

L.1.59 The use of the QUESTS model is considered appropriate to inform
decisions on option selection on a comparative basis and confirmation
that the environmental benefits (dissolved oxygen standards) would be
met.

Volume 3 Appendices: Appendix L.1: CSO control and Page 23
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Thames Tideway Tunnel performance objectives and
operating strategy

Introduction

L.1.60 This section provides details of the system performance objective and
the corresponding operating strategy proposed for the Thames Tideway
Tunnel with the completion of the STW Improvements and the Lee
Tunnel.
Performance objectives
L.1.61 The Thames Tideway Tunnel CSO performance has evolved from the
TTSS through detailed evaluation of the alternative tunnel alignments,
which have been developed since 2008. However, through the
evaluation of alternative tunnel alignments, the general performance
objectives have remained consistent and are discussed in this section.
L.1.62 The performance objectives of the Thames Tideway Tunnel are to
achieve the following control performance targets:
a. Based on the interpretation of Defra, meet the requirements of the
UWWTD and to assist in meeting WFD goals.
b. Comply with the four bespoke dissolved oxygen standards (see Vol
3 Table L.9) set to protect the ecology of the Tidal Thames habitat
against adverse effects from low dissolved oxygen levels due to
STW discharges and intermittent CSO discharges.
c. The operation of the tunnel system would aid in compliance with the
WFD requirements. WFD requirements are percentile requirements
that are more applicable to continuous discharges: hence the
London Tideway Improvements project of which the Thames
Tideway Tunnel is an important component.
d. Following development of the project: a general annual target of no
more than 4 events at controlled CSOs during the Typical Year
(October 1979 to September 1980).
e. Following development of the project: a residual annual CSO spill
volume of between 2.1 to 2.6 million m* in the Typical Year.
f.  Following development of the project: an overall greater than 90%
volume capture from baseline conditions.
g. Control of spills from Abbey Mills Pumping Station to on average
once every ten years.
Volume 3 Appendices: Appendix L.1: CSO control and Page 24
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L.1.63

L.1.64

L.1.65

L.1.66

L.1.67

Operating strategy

In setting the project operating strategy, the following operating criteria
were considered:

a. The tunnel system operating strategy has been developed to meet
the CSO Performance Target, set out in the performance objectives
section above, while maintaining controlled water levels in the
tunnel to OmAOD" or lower.

b. Fundamental to the operating strategy is maximising flows to the
Beckton and Crossness STWs and maintaining storage capacity in
the tunnel system to meet the 1 in 10 year control of CSO discharge
at the Abbey Mills Pumping Station CSO.

c. The tunnel system would comprise the Thames Tideway Tunnel
and the Lee Tunnel. This combination of tunnels would be known
as the London Tideway Tunnels when completed.

d. The Crossness and Beckton STWSs, the existing sewer system and
the London Tideway Tunnels would form a single system. Each
component of the system is mutually dependent.

e. Inflow control during large storm events is necessary to limit the
potential for adverse hydraulic and pneumatic conditions within the
tunnel system.

f.  Simple rules and control systems with limited rainfall forecasting
and operator decisions would form the basis of the operating
strategy.

To control Abbey Mills Pumping Station CSO discharges to an average
of 1 in 10 year (para. L.1.62Q), it is necessary to reserve storage in the
London Tideway Tunnels to capture flow from Abbey Mills Pumping
Station. This would be done by redirecting CSOs along the Tidal
Thames to the river before the tunnel system is completely full and by
starting bypass pumping at the Tideway Pumping Station to the
Tideway CSO.

Bypass pumping would occur when the tunnel system is at least 79%
full (see Vol 3 Table L.5 for volume percentages). This control of CSO
discharge at Abbey Mills Pumping Station results in some storage being
left unused during the Typical Year simulation for the larger storm
events.

To minimise the risk of adverse transient and pneumatic conditions in
the tunnel system due to high flows and differential filling of the tunnel
from the disperse locations of flows entering the tunnel, selective inflow
control during large storm events is required.

The inflow control strategy would be either to shut the hydraulic
penstocks at specific sites when pre-set peak flow targets (see Vol 3
Table L.4) are reached or in anticipation of larger storms move the
penstocks to pre-set positions. The peak flows are generally equivalent

¥ OmAOD (above ordinance datum) is equivalent to 100mATD (above tunnel datum). Flood defences along
the river vary and ranges from 5 to 7 mAOD.

Volume 3 Appendices: Appendix L.1: CSO control and Page 25
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to a 1in 5 year design storm peak flow, and therefore do not affect a
Typical Year performance.

L.1.68 Balancing the operational criteria outlined above, the following system
operating strategy is proposed. All results presented in this report are
based on this proposed operating strategy:

a. The operating strategy for the London Tideway Tunnels is a two
mode operation comprising wet weather operation and extreme wet
weather operation. The switch from wet weather to extreme wet
weather would occur when the weighted forecast of rainfall across
the whole catchment is 22mm or more in the next 24 hours. The
forecast is proposed to be obtained from the Met Office twice per
day and acted upon by the system operators.

b. Each operating mode is set with predetermined target water levels
(in order of operation) to:

i divert CSO discharges along the Tidal Thames from the tunnel
to the river,

i start bypass pumping to the Tideway CSO

i divert flows from the Abbey Mills Pumping Station CSO to the
Channelsea River (and then to the River Lee) when the tunnel
system is nearing full capacity at 99% storage utilised
(approximately -3mAQOD)

c. The target water level is nominally set in the sewer catchment
model as the measured water level at the Chambers Wharf site.
However, for operational control, this would be at multiple shaft
locations to provide assurance of obtaining accurate water levels in
the prototype system.

L.1.69 Transient inflow control has been set at eight CSO sites, and would limit
flows to the tunnel to set flow targets as outlined in Vol 3 Table L.4. The
inflow control is proposed to operate only during the extreme wet
weather mode of operation. This would allow local extreme storms to be
captured by the tunnel system.

L.1.70 Vol 3 Table L.4 shows the eight sites with proposed flow control and Vol
3 Table L.5 summarises the pre-set target water levels and the
corresponding tunnel usage for the two operating modes of wet weather
and extreme wet weather.

L.1.71 Vol 3 Plate L.12 shows the tunnel storage curve and storage utilisation
under the wet weather and extreme wet weather operating modes. At
OmAOD, the total tunnel storage" of the London Tideway Tunnels is
approximately 1.57million m?®.

Y This includes a 20% reduction in shaft volume to account for internal structures within the shaft.
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Vol 3 Table L.4 Proposed Transient Flow Control Sites

CSO Site Site Name Flow cor;trol
limit (m®/s)

Hammersmith Hammersmith Pumping 40

Pumping Station Station

Ranelagh Chelsea Embankment 15

Foreshore

South West Storm Heathwall Pumping

Relief Station 25

Eleet Main Blackfriars Bridge 30

Foreshore

North East Storm King Edward Memorial

Relief Park Foreshore 25

Deptford Storm Relief | Deptford Church Street 25

Earl Pumping Station | Earl Pumping Station 20

Falconbrook Pumping | Falconbrook Pumping

Station Station 12

L.1.72 In the Typical Year rainfall series, the extreme event setting would
occur once. For the recorded rainfall for 1970 to 2010 modelled in the
long term series comprising 321 rainfall events (see Vol 3 Table L.3),
there are 60 events that met the rainfall depth threshold for extreme
events.
L.1.73 The operating strategy set out above has been used to demonstrate the

Thames Tideway Tunnel system performance against the annual and
long term rainfall series. This is described in more detail in the Thames
Tideway Tunnel overview and modelling methodology section.
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Thames Tideway Tunnel CSO control performance
Introduction

L.1.74 This section summarises the system performance levels based on
modelling simulations for the Thames Tideway Tunnel with the completion
of the STW Improvements and the Lee Tunnel.

Performance: Typical Year

L.1.75 As explained in the description of existing conditions section of this
appendix, the Typical Year is a single water year from October 1979 to
September 1980 selected from the 1970 to 2011 rainfall records and best
represents the average rainfall over the Beckton and Crossness
catchment. The rainfall record includes 48 rainfall sites to represent the
variable spatial distribution of rainfall across the catchment as shown in
Vol 3 Plate L.13.

Vol 3 Plate L.10 Spatial Rainfall Distribution across Beckton and Crossness

N
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L.1.76

L.1.77

L.1.78

L.1.79

L.1.80

L.1.81

Vol 3 Plate L.14, Vol 3 Plate L.15 and Vol 3 Table L.6 provide the
simulated annual volume, frequency and duration of discharges at each
modelled CSO location along the Tidal Thames in the Typical Year for the
following three scenarios:

a. 2006 existing conditions and existing STW capacities.

b. 2020s conditions with upgraded STW improvements, increased
population to 2020s and the Lee Tunnel.

c. 2020s conditions with the upgraded STW improvements, increased
population to 2020s, the Lee Tunnel and the Thames Tideway Tunnel.

For each river reach, the total discharge volume and maximum number
and duration of CSO discharges from all modelled CSOs in that reach is
reported.

As explained in the Catchment modelling methodology and assumptions
section, all simulations for the Typical Year have been simulated without
tidal influence to maximise the flows and discharges at each CSO to the
river. In this Typical Year rainfall series, the extreme event mode of
operation is modelled once.

A minimum CSO discharge volume of 50m® has been agreed in
consultation with the EA. All simulated CSO discharges of less than 50m?®
are therefore discarded and not reported as an ‘event’.

A spill event as defined in the tables and figures in this report is defined by
24 hours of no CSO discharge from the end of the one spill to the start of
the next spill event (generally considered as the inter-event time).

Vol 3 Table L.7 provides the CSO event volume and duration for each
modelled CSO during the four residual CSO events in the Typical Year
with the Thames Tideway Tunnel completed.
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Vol 3 Plate L.11 Typical Year CSO Volume Performance along the Tidal
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Vol 3 Plate L.12 Typical Year CSO Event Performance along the Tidal Thames
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Vol 3 Table L.6 Comparison of Typical Year Annual CSO Performance

N . STW Improvements, Lee Tunnel and Thames
Existing System & Existing STW 2006 STW Improvements and Lee Tunnel 2020s )
Tideway Tunnel 2020s
LTTID EACat €SO Name
Total Volume o a Spill Duration Total Volume - Spill Duration Total Volume 4 | Spill Duration
m9 afb. No. of spills (hrs) ™ [m,),/h No. of spills (hrs) (m,)a/h No. of spills (hrs)®
CS01X Catl Acton Storm Relief 312,000 29 152 178,000 17 84 0 0 0
CS02X Cat2 Stamford Brook Storm Relief 500 2 2 300 2 2 400 2 2
CS05X Catl West Putney Storm Relief 35,000 30 118 37,000 31 123 1,500 1 4
CS37X Cat3 LL1 Brook Green 0 0 0 0 0 0 0 0 0
CS03X Cat2 North West Storm Relief 2,800 1 1 3,900 1 1 600 1 1
CS04X Catl Hammersmith Pumping Station 2,210,000 51 630 2,350,000 54 698 104,000 1-3 16
CS06X% Catl Putney Bridge 68,000 33 107 71,000 33 110 1,600 1 3
Upstream Putney Bridge Total / = 2,630,000 51 650 2,640,000 54 698 108,000 3 16
CSO07A Catl Frogmore Storm Relief - Bell Lane 18,000 32 136 19,000 32 141 500 1 4
Cs078 Catl Frogmore Storm Relief - Buckhold Road 86,000 21 72 89,000 21 72 1,500 1 3
CS08A Catl Jews Row - Wandle Valley Storm Relief 300 1 2 3,000 2 7 0 0 0
Cs088 Cat3 Jews Row - Falcon Brook Storm Relief 7,400 2 7 7,500 2 7 7,600 2 7
CS09X Catl Falcon Brook Pumping Station 709,000 42 267 780,000 42 291 45,000 4 22
CS10X Catl Lots Rd Pumping Station 1,140,000 38 346 1,260,000 42 407 92,000 4 31
CS11X Cat2 Church Street 0 0 0 0 0 0 0 0 0
Cs12% Cat2 Queen Street a 0 0 0 0 0 0 a a
CS13A Cat2 Smith Street Main Line 1,400 4 8 1,500 4 8 1,500 4 8
5138 Cat2 Smith Street Relief 0 0 0 0 0 0 0 0 0
C514x Catl Ranelagh 283,000 26 142 306,000 29 157 19,000 2 10
CS15X Catl Western Pumping Station 2,050,000 37 200 2,320,000 41 228 246,000 4 24
CS17X Catl South West Storm Relief 228,000 13 39 239,000 13 40 3,900 1 3
CS16X% Catl Heathwall Pumping Station 655,000 34 200 748,000 39 248 63,000 4 26
CS18X Cat2 Kings Scholars Pond Storm Relief 1,400 3 5 1,800 3 5 500 2 3
C519X Catl Clapham storm Relief 13,000 6 14 14,000 6 15 7,900 1 =l
C520% Catl Brixton Storm Relief 265,000 23 133 273,000 31 141 5,700 1 4
CS21X Cat2 Grosvenor Ditch 2,600 3 7 3,000 4 9 600 2 4
CS39X Cat3 Horseferry 3,400 3 7 3,800 3 7 300 1 2
CS40K Cat3 Wood Street 0 0 0 0 0 0 0 0 0
C522% Catl Regent Street 22,000 5 13 26,000 10 21 0 0 0
CS23X Catl Northumberland Street 72,000 13 34 88,000 14 43 300 1 2
524X Cat2 Savoy Street 8,500 20 51 8,600 20 51 800 4 7
C525% Cat2 Norfolk Street 0 0 0 0 0 0 0 0 0
CS26X Cat2 Essex Street 2,100 3 6 2,300 3 6 0 a a
CS27X Catl Fleet Main 521,000 21 75 571,000 23 83 37,000 4 14
C542% Cat3 Pauls Pier 0 0 0 0 0 0 0 0 0
CS55% Catd London Bridge 8,300 7 14 9,100 9 16 4,400 6 11
Downstream Putney Bridge to London Bridge
Total / Maxi = 6,100,000 12 346 6,780,000 42 407 538,000 6 31
528X Catl Shad Thames Pumping Station * 92,000 15 70 100,000 15 69 72,000 4 14
€543 Cat3 Battle Bridge 0 0 0 0 0 0 0 0 0
C544x Cat3 Beer Lane 0 0 0 0 0 0 0 0 0
CS45X Cat3 Iron Gate 200 1 2 200 1 2 300 1 2
546X Cat3 Nightingale Lane 0 0 0 0 0 0 0 0 0
C549% Cat3 Cole Stairs 0 0 0 0 0 0 0 0 0
CS50% Cat3 Bell Wharf a 0 0 0 0 0 0 a a
C529% Catl North East Storm Relief 782,000 31 286 848,000 32 307 85,000 4 32
CS51X Cat3 Ratcliffe 0 0 0 0 0 0 0 0 0
CS31X Catl Ear| Pumping Station 539,000 26 184 594,000 30 207 51,000 4 26
CS30X Catl Holloway Storm Relief * 7,300 9 21 8,500 10 25 7,000 2 9
CS52% Cat3 Blackwall Sewer [ 0 0 0 0 0 0 [ [
C536X Cat2 Wick Lane 0 0 0 0 0 0 0 0 0
CS32% Catl Deptford Storm Relief 1,470,000 36 252 1,980,000 39 342 163,000 4 29
533X Catl Greenwich Pumping Station 8,320,000 51 672 3,940,000 28 240 573,000 4 36
Downstream London Bridge to Greenwich Total /
i &5 11,200,000 51 672 7,470,000 19 342 951,000 4 36
CS56X% Catd Isle of dogs Pumping Station (Foul only) 13,000 6 9 13,000 7 11 13,000 7 1
CS35X Catl Abbey Mills Pumping Station from STATION F 15,300,000 56 873 0 0 0 0 a a
535K Catl Abbey Mills Pumping Station from STATION A 4,100,000 a5 403 0 0 0 0 0 0
CS57X Catd Canning Town Pumping Station 0 0 0 0 0 0 0 0 0
€834 Catl Charlton Storm Relief 600 2 3 900 2 3 900 2 3
CS53X Cat3 Henley Road 0 0 0 0 0 0 0 0 0
Downstream Greenwich to Henley Road Total /
i =& 19,400,000 56 873 14,000 7 11 14,000 7 11
Crossness STW Storm Tanks 308,000 5 27 50,000 3 8 51,000 3 9
Tideway CSO 609,000 3 18 684,000 3 21
Total / Maximum " to the River
(€50 + Tunnel Overflow) 39,600,000 56 873 17,600,000 54 698 2,350,000 7 36
Beckton Catchment 444,600,000 8784 508,500,000 8784 508,500,000 8784
Treatment |Tunnel Pump Out n/a nfa 6,200,000 784 22,300,000 1987
- Beckton STW
Works (Catchment + Tunnel Pump Out) 444,600,000 8784 514,700,000 8784 530,800,000 8784
Crossness STW 200,600,000 8784 230,900,000 8784 230,500,000 8784
Notes a. €SO spills less than 50m3 have been removed from the number of spill count. Volume and duration have also been adjusted.
b. Individual volumes have been rounded depending on magnitude. Totals may differ because of rounding.
c. For Volume, the sum of all CSO spills in the reach is reported. For Number of Spills and Duration of Spills, the maximum number in the reach is reported.
d. With lower operating level at Shad Pumping Statian, and with diversion to the Low Level 1 at Holloway Storm Relief
e. Typical Year Modei simulation is only for 270 days. The table includes infilling the remaining days with average daily DWF for Beckton and Crossness STW.
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Vol 3 Table L.7 Remaining CSO Discharges: Typical Year Simulation for the
Thames Tideway Tunnel

STW Improvements, Lee Tunnel and Thames Tideway Tunnel 2020s *
Event 01: 06-Oct-1979 Event 02: 24-Oct-1979 Event 06: 18-Dec-1979 Event 22: 26-July-1980
LITID EA Cat €SO Name
Total Volume Discharge Total Volume Discharge Total Volume Discharge Total Volume Discharge
(m?) Duration (hrs) (m*) Duration (hrs) (m?) Duration (hrs) (m?) Duration (hrs)

C501X Cat1 Acton Storm Relief 0 0 0 0 0 0 0 0
CS02X Cat2 Stamford Brook Storm Relief 100 1 0 0 0 0 300 1
505X Catl West Putney Storm Relief 0 0 0 0 1,500 4 0 0
CS37X Cat3 LL1 Brook Green a 0 0 a a 0 0 1
C503X Cat2 Morth West Storm Relief 600 1 0 0 0 0 0 0
C504X% Catl Hammersmith Pumping Stn 0 0 0 0 104,000 16 0 0
CSDEX Cat 1 Putney Bridge 0 0 0 0 1,600 3 0 0

Upstream Putney Bridge Totals ™ 700 1 0 0 107,000 16 300 1
CS07A Catl Frogmore SR - Bell Lane 0 0 0 0 500 4 0 0
C5078 Cat 1 Frogmore 5R - Buckhold Road a 0 0 a 1,500 3 0 a
CS08A Catl Jews Row - Wandle Valley SR 0 0 0 0 0 0 0 0
Cs088 Cat3 Jews Row - Falcon Brook SR 5,700 4 0 a a 0 1,900 3
CS09X Cat1 Falcon Brook Pumping Stn 2,200 5 4,700 4 38,000 12 800 1
CS10X Catl Lots Rd Pumping Stn 5,600 5 13,000 6 69,000 16 4,400 4
C511X Cat2 Church Street o 0 0 o o 0 0 o
C512X Cat 2 Queen Street 0 0 0 0 0 0 0 0
C513A Cat2 Smith Street Main Line 800 2 100 2 0 0 500 3
C513B Cat2 Smith Street Relief a 0 0 a a 0 0 a
Cs14x Catl Ranelagh 0 1 0 0 17,000 6 1,500 4
C515% Catl Western Pumping 5tn 25,000 4 43,000 5 163,000 13 15,000 2
CS17X Catl South West Storm Relief 0 0 0 0 3,900 3 0 0
CS16X Catl Heathwall Pumping $tn 3,300 4 11,000 5 47,000 14 1,500 3
518X Cat2 Kings Scholars Pond Storm Relief 500 2 0 o o 0 100 1
CS19X Cat1 Clapham Storm Relief 0 0 0 0 7,900 5 0 0
C520X Catl Brixton Storm Relief 0 0 0 0 5,700 4 0 0
C521X Cat 2 Grosvenor Ditch 500 3 0 0 0 0 100 1
CS39X Cat3 Horseferry 300 2 0 0 0 0 0 1
C540X Cat3 Wood Street a 0 0 a a 0 0 a
C522X Catl Regent Street 0 0 0 0 0 0 0 0
Cs23X Catl Northumberland Street 300 2 0 1 0 0 0 2
C524% Cat2 Savoy Street 400 2 100 1 o 0 300 2
C525X Cat2 Norfolk Street 0 0 0 0 0 0 0 0
CS26X Cat2 Essex Street 0 0 0 0 0 0 0 0
C527X Cat1 Fleet Main A00 2 1,000 3 35,000 [ 300 3
C542X Cat3 Pauls Pier 0 0 0 0 0 0 0 0
355X Cat 4 London Bridge 1,000 2 100 1 1] 0 2,700 3

Downstream Putney Bridge to London Bridge

Totals ™ 46,000 5 73,000 6 389,000 16 29,000 4
CS28X Catl Shad Thames Pumping Stn 23,000 3 15,000 3 3,000 5 31,000 3
C543X% Cat3 Battle Bridge 0 0 0 0 0 0 0 0
C544X% Cat3 Beer Lane 0 0 0 0 0 0 0 0
45X Cat3 ron Gate 0 2 0 0 0 0 300 2
C546X% Cat3 Nightingale Lane 0 0 0 0 0 0 0 0
548X Cat3 Cole Stairs 0 0 0 0 0 0 0 0
C550% Cat3 Bell Wharf 0 0 0 0 0 0 0 0
529K Cat1 Morth East Storm Relief 12,000 7 8,100 7 48,000 10 18,000 8
C551X Cat3 Ratcliffe 0 0 0 0 0 0 0 0
C531X% Catl Earl Pumping 5tn 2,200 3 6,300 6 41,000 13 1,300 4
C530X Cat1 Holloway Storm Relief 6,900 8 0 0 0 0 200 1
C552X Cat3 Blackwall Sewer 0 0 0 0 0 0 0 0
C536X Cat2 Wick Lane o 0 0 o o 0 0 o
CS32X Cat1 Deptford Storm Relief 36,000 5 27,000 5 68,000 14 32,000 5
CS33X Catl Greenwich Pumping Stn 92,000 9 98,000 8 317,000 14 66,000 5

Downstream London Bridge to Greenwich

Totals 172,000 9 154,000 8 477,000 14 149,000 8
CS56X Catd sle of dogs Pumping Stn (Foul only) 5,400 3 200 1 0 0 6,200 2
C535X Catl Abbey Mills Pumping Station from STATION F 0 0 0 0 0 0 0 0
C535X% Catl Abbey Mills Pumping Station from STATION A o 0 0 o o 0 0 o
CS57X Catda Canning Town Pumping Stn 0 0 0 0 0 0 0 0
834 Catl Charlton Storm Relief 200 1 0 0 0 0 700 2
C553% Cat3 Henley Road 0 0 0 ] 0 0 0 ]

Downstream Greenwich to Henley Road

Totals ™ 5,600 3 200 1 0 0 6,900 2

Crossness STW Sterm Tanks 31,000 3 0 0 8,800 3 11,000 3

Tideway CSO 40,000 2 111,000 3 534,000 16 0 0

Total / maximum > to the River

(€50 and Tunnel Overflow) 295,000 9 338,000 38 1,520,000 16 196,000 38

Notes

]

. All €SO discharges less than 50m3 have been removed. Individual volumes have been rounded depending on magnitude. Totals may differ because of rounding.
. For Volume, the sum of all CSO discharges in the reach is reported. For duration of discharges, the maximum hours of discharge in the reach is reported.

o
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L.1.82

L.1.83

L.1.84

L.1.85

L.1.86

L.1.87

The STW improvements and the operation of the Lee Tunnel would result in a
56% capture of the 39 million m® annual CSO discharges estimated to occur in
the existing 2006 scenario. The volume reduction is mainly a result of the
captured CSO discharges from the Abbey Mills Pumping Station by the Lee
Tunnel and Beckton STW expansion and the reduction of CSO discharges at
Greenwich Pumping Station due to Crossness STW expansion.

With the Lee Tunnel, there will no longer be any discharges at the existing
Abbey Mills CSOs. All CSO discharges from Abbey Mills will be captured by
the Lee Tunnel, except for 3 events in the Typical Year where the Lee tunnel
would be filled to the new Tideway CSO overflow level, and discharge to the
river at Beckton STW, totalling an annual discharge volume of about 609,000m?
and total spill duration of 18 hours.

No material change in CSO discharges at the 34 unsatisfactory CSOs along the
Tidal Thames would be obtained by STWs improvements and the Lee Tunnel.

With the completion of the Thames Tideway Tunnel, the residual spill volume in
the Typical Year is approximately 2.4 million m®. 12 of the 34 unsatisfactory
CSOs is predicted to have a residual discharge of four events during the
Typical Year while the other 22 CSOs have less than four residual discharge
events. With the Thames Tideway Tunnel, the Tideway CSO would discharge
three times, and its annual volume and spill duration from these three events
would increase marginally to 684,000m? and 21 hours. This increase is due to
the capture of additional discharges from CSOs intercepted along the Tidal
Thames by the Thames Tideway Tunnel. The annual CSO volume and
frequency would meet the performance objectives of between 2.1 and 2.6
million m* and no more than four spill events in a Typical Year from
unsatisfactory CSOs.

There are no CSO discharges in the Typical Year at Abbey Mills CSO. The
control of Abbey Mills discharge frequency to an average of one in 10 year is
shown by the long term annual series performance.

The Thames Tideway Tunnel in conjunction with the STW improvements and
Lee Tunnel would capture about 94% of the 39 million m?® of CSO discharge
predicated in the existing system model during the Typical Year for 2006
conditions. This level of control meets the 90% capture objective set out for the
project in the Thames Tideway Tunnel performance objectives and operating
system section of this appendix.
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L.1.88

L.1.89

L.1.90

L.1.91

L.1.92

L.1.93

L.1.94

L.1.95

Performance: Long Term Annual Series

The long term annual performance has been simulated to demonstrate how the
completion of the Thames Tideway Tunnel in conjunction with the STW
Improvements and Lee Tunnel performs with varying annual rainfall volumes
and spatial distribution. This includes recorded rainfall data from a significant
number of years which experienced low, medium and high levels of rainfall.
This demonstrates the overall robustness of the project in terms of overall CSO
capture and illustrates how the performance of the system can change with
varying rainfall.

The 321 significant rainfall events to represent the long term annual series were
developed by merging 79 CTP events and 242 annual rainfall events (mainly in
winter months) selected from the 1970 to 2011 rainfall record. The CTP events
are summer period rainfall (May to October) which are selected because the
resulting rainfall run-off into the existing sewer network is likely to cause
dissolved oxygen stress in the Tidal Thames from existing CSO discharges.
The 242 annual rainfall events are significant rainfall events which are selected
from the entire 12 months of the year and are likely to fill the Thames Tideway
and Lee tunnels to high levels and cause residual CSO discharges.
Overlapping events are removed by selecting the longer event dataset which
results in only 79 CTP events being used.

60 of the events in the 321 rainfall event merged series meet the rainfall depth
threshold for extreme wet weather control of 22mm depth or more weighted
across the catchment in 24 hours.

In the merged series, the annual rainfall events (the 242) have been simulated
without tidal influence to maximise flow and spills at the CSO. The CTP events
are simulated with tidal influence, in line with the agreed methodology set for
CTP event analysis.

The long term annual series is grouped into water years (October Year X to
September Year X+1) for the 1970 to 2010 period. It represents full water years
from 1971 to 2010 (total of 40 years). 1970 is not a full water year, because
catchment rainfall record from October to December 1969 is not simulated.

The long term summary of CSO control performance for the Thames Tideway
Tunnel and the estimated annual weighted average rainfall for the full water
year is given in Vol 3 Plate L.16 and Vol 3 Plate L.17. These plates show the
residual CSO discharge volume and number of events for each water year from
1970 to 2010 with the completion of the Thames Tideway Tunnel. The decadal
average is also included in the figures which show that CSO performance will
vary between water years depending on rainfall volume and spatial distribution.

In interpreting annual residual CSO discharges it should be recognised that the
highest annual rainfall does not necessary correspond with the largest annual
CSO discharge volume or frequency. This is due to intensity, duration and
location of rainfall which will vary across the catchment throughout the year and
therefore impact how rainfall run-off enters the catchment sewer system.

For example, the lowest annual total CSO discharge volume in a year is in the
1998 water year, at about 8,000m* and a maximum discharge frequency of 1
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(see Vol 3 Table 1.8). This has an annual rainfall depth of 462mm, which is the
35™ wettest year in the 40 year series i.e. not the year with the lowest rainfall.
The highest annual total CSO discharge volume is in the 1975 water year with
more than 9 million m® and a maximum discharge frequency of 7 events. This is
only the 7" wettest water year in the series. The maximum discharge frequency
of 8 events is recorded in 2002, which is the 20™ wettest year. The driest year
in the series in 1976, and has an annual discharge volume ranked 31 highest
total annual CSO discharge volume.

L.1.96

There are 4 events from the 40 year long term annual series rainfall where

discharges at Abbey Mills CSO are predicted because the Thames Tideway
Tunnel would fill to its maximum capacity at OmAOD. The modelling showed
these events occurring in water years 1972, 1975, 1980 and 2000, giving a long
term average CSO discharge frequency of 1 in 10 year which meets the Abbey
Mills control objective set out for the project.

Vol 3 Table L.8 Long term annual series performance for the Thames Tideway

Tunnel
Annual Annual Rank Rank
Annual | Maximum Discharge | Rank Maximum Annual
Full Water Rainfall | Number of | Volume Annual | Number of | Discharge
Year (mm) | Discharges | (m®) Rainfall | Discharges | Volume
1971 669 7 8,810,000 8 2 2
1972 452 1 90,000 36 34 35
1973 534 4 8,720,000 28 18 3
1974 553 3 1,280,000 25 22 26
1975 702 7 9,280,000 7 2 1
1976 317 1 810,000 40 34 31
1977 705 5 5,410,000 6 8
1978 624 6 4,470,000 14
1979 638 2 140,000 13 27 33
1980 Typical
Year 588 4 2,400,000 21 18 18
1981 613 6 4,450,000 16 4 8
1982 589 2 340,000 23 27 32
1983 647 5 3,470,000 11 8 12
1984 511 6 1,810,000 32 22
1985 610 3 2,590,000 17 22 16
1986 595 5 3,890,000 18 8 11
1987 618 1 11,000 15 34 39
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Annual Annual Rank Rank

Annual | Maximum Discharge | Rank Maximum Annual
Full Water Rainfall | Number of | Volume Annual | Number of | Discharge
Year (mm) | Discharges | (m®) Rainfall | Discharges | Volume
1988 657 5 5,520,000 10 8 4
1989 407 1 40,000 37 34 37
1990 472 4 3,080,000 34 18 13
1991 518 3 1,140,000 30 22 28
1992 484 6 2,440,000 33 4 17
1993 595 2 1,490,000 19 27 25
1994 639 5 5,330,000 12 8 6
1995 576 3 1,730,000 24 22 23
1996 367 3 1,180,000 38 22 27
1997 361 2 80,000 39 27 36
1998 462 1 8,000 35 34 40
1999 525 2 1,010,000 29 27 30
2000 590 2 1,630,000 22 27 24
2001 821 5 2,690,000 3 8 15
2002 592 8 1,870,000 20 21
2003 517 1 13,000 31 34 38
2004 707 5 2,160,000 5 8 19
2005 551 1 130,000 26 34 34
2006 544 2 1,120,000 27 27 29
2007 862 5 2,980,000 1 14
2008 823 5 4,110,000 2 9
2009 668 5 4,060,000 9 10
2010 722 4 1,890,000 4 18 20
Long Term - 1971 to 2010 Water Years
25 Percentile 518 2 960,000
50 Percentile 591 4 1,880,000
75 Percentile 649 5 3,930,000
Average 586 4 2,590,000
Minimum 317 1 8,000
Maximum 862 8 9,280,000
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L.1.97

L.1.98

L.1.99

L.1.100

Performance: Compliance to Dissolve Oxygen Standards

Under the UWWTD, the UK has an obligation to limit pollution and the
effects of discharges from STWSs and collection systems including
discharges from CSOs. Four dissolved oxygen standards were developed
by the TTSS for the Tidal Thames to provide a mechanism of comparison
of alternatives and to allow design of a solution to meet this obligation.

Vol 3 Table L.9 shows the four dissolved oxygen standards developed to
protect the ecology of the Tidal Thames from intermittent discharges from
CSOs and the continuous discharges at the five STWs. The standards
include a specific dissolved oxygen value, tidal duration and how often the
standard can be exceeded (or the allowable frequency of the depressed
dissolved oxygen value).

Detailed water quality modelling has been undertaken for the project to
determine how dissolved oxygen in the Tidal Thames would be affected by
the development of the STW improvements to the Mogden, Beckton,
Crossness, Long Reach and Riverside STWSs, the Lee Tunnel and the
Thames Tideway Tunnel.

The Compliance Test Procedure (CTP) methodology was developed to
assess and compare the performance of each scenario for water quality
dissolved oxygen compliance. For each scenario, 242 summer rainfall
events selected from the catchment rainfall record between 1970 and
2010 to stress the Tidal Thames were simulated.

Vol 3 Table L.9 Dissolved Oxygen standards developed by the TTSS for the

Tidal Thames

Dissolved Allowable
. Allowable
Oxygen Duration ) number of
Standard : .1, | Return Period :
Concentration (tides”) (years) exceedances in
Threshold (mg/l) y 41 years®
1 4 29 41
2 3 3 13
3 2 1
4 15 1 10

' A tide is a single ebb or flood.

? Failure of the standard occurs when the predicted number of exceedances at a single reach
exceeds the allowable number of exceedances.

L.1.101

The assessment of dissolved oxygen compliance for the existing system,
the STW improvements and Lee Tunnel, and the STW improvements, Lee
Tunnel and Thames Tideway Tunnel is presented in Vol 3 Table L.10. The
maximum number of exceedances from 242 CTP events at any 1km reach
of the 2km QUESTS model of the Tidal Thames is shown in the Vol 3
Table L.10.
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Vol 3 Table L.10 Simulated number of exceedances and scenario compliance
against DO Standards for the Tidal Thames

DO Standard 1 2 3 4
DO value and tidal 4 mg/l for | 3mg/l for | 2 mgl/l 1.5 mg/l
duration threshold 29 tides? 3 tides for for

1 tide 1 tide

Allowable exceedances

in 41 years (frequency) 41 (1:1yr) | 13 (1:3yr) | 8 (1:5yr) | 4 (1:10yr)

Scenario Simulated maximum number of exceedances
of DO thresholds
o 211 193 99 60
Existing System — - : -
Fails Fails Fails Fails
STWs Improvement and 75 40 12 7
Lee Tunnel Fails Fails Fails Fails
Thames Tideway Tunnel 21 4 1 1

(includes STW
Improvements and Lee
Tunnel)

Compliant | Compliant | Compliant | Compliant

LA tide is a single ebb or flood.
? Failure of the standard occurs when the predicted number of exceedances at a single reach
exceeds the allowable number of exceedances.

L.1.102 The existing system and the scenario with the STWs improvements and
Lee Tunnel fail all four dissolved oxygen standards.

L.1.103  With the completion of the Thames Tideway Tunnel, all four dissolved
oxygen standards are met and so the London Tideway Improvements
project (STW improvements and London Tideway Tunnels) is compliant
with the dissolved oxygen standards set by the TTSS for the Tidal
Thames.

L.1.104 Specific dissolved oxygen conditions along the Tidal Thames during
individual events are best evaluated by reviewing the half tide plots"” of the
dissolved oxygen concentration for each CTP event simulation. The half
tide plots reflects changing tides and the progression of dissolved oxygen
depression (sag) and recovery of the river after the CSO discharges have
occurred. An example of such a series of half tide plots is given in Vol 3
Plate L.18.

¥ The *half tide’ condition is defined as where the volume of water upstream of the location is at its mean value.
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L.1.105

L.1.106

L.1.107

L.1.108

Vol 3 Plate L.18 illustrates how a simulated dissolved oxygen
concentration changes across the Tidal Thames for a selected CTP event
between the three scenarios during the half tide. The event on the 3" of
August 2004 illustrates the improvement in dissolved oxygen exceedances
with the STWs improvements and Lee Tunnel and continued improvement
with the Thames Tideway Tunnel. This event was also associated with a
fish kill incident in the Tidal Thames during August 2004. River conditions
during this event were sensitive to discharges because of a dry summer,
with low river flows and higher than average temperatures.

For the existing system, the August 2004 event exceeds all four dissolved
oxygen thresholds. With the combination of STWs improvements and the
Lee Tunnel, three of the standards are exceeded (the 4mg/l, 3mg/l and
2mg/l dissolved oxygen standards). Once the Thames Tideway Tunnel is
completed, the QUESTS model predicts that only the 4mg/| dissolved
oxygen threshold is exceeded.

The August 2004 event is not the largest rainfall event in the 242 CTP
event series. It is the 123" largest rainfall volume at a weighted 17mm
depth over the entire catchment. However, this event had intense rainfall
over the north-west area of the catchment which also caused activated
sludge washout from the Mogden STW to occur. This added additional
load in addition to the CSO loads to the upper Tidal Thames.

For the existing system, this event resulted in approximately 1.6million m?
of discharge to the Tidal Thames. With the completion of the Thames
Tideway Tunnel it has been estimated that only 12,000m® of CSO
discharge would occur. The total CSO discharge volume and effluent
discharge from Beckton (including tunnel pump out) and Crossness STWs
for the August 2004 event are given in Vol 3 Table L.11

Vol 3 Table L.11 Summary of CSO spills from the August 2004 event

CSO
Total CSO | Discharge aiiel] STy I
. flow from Effluent
: Discharge Volume :
Scenario . Beckton and Ranking
to the Ranking
: 3 Crossness out 242
River (m”) | out of 242 3\1
(m?) events
events
Existing 2006 1.6 million 90" 8.72 million 215"
STWimprovements | 5 pjjion 53" 10.4 million 218"
and Lee Tunnel
STW Improvements,
Lee Tunnel and 12,000 86" 11.7 million 170"
Thames Tideway
Tunnel #

1: Total volume for CSO and STW for Existing scenario is lower than the Lee and Thames

Tideway Tunnel due to 2006 population.

2: Difference in the Lee Tunnel and Thames Tideway Tunnel total volume for CSO and STW

due to rounding.

Volume 3 Appendices: Appendix L.1: CSO control and Page 44
Project-wide effects assessment performance of Thames Tideway

Tunnel



Environmental Statement

L.1.109 The majority of the rainfall run-off, including the high volumes in the
northwest of the catchment, would be captured by the tunnel system and
was transferred for treatment at the Beckton STW via the Thames
Tideway Tunnel. Only a small volume of residual CSO (12,000m®) would
enter the Tidal Thames mainly from unsatisfactory CSOs not directly
intercepted by the Thames Tideway tunnel or from the not unsatisfactory
CSOs.

L.1.110 This illustrates a key advantage of the Thames Tideway Tunnel whereby
the full tunnel storage volume is made available to local areas when
localised heavy rainfall occurs and causes significant run-off and flow
within the local system.

L.1.111 The full CTP event analysi