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1.

Introduction

1.1.

Overview

This FRA is required as Tilbury 2 (the Site) has the potential to be at risk from a range of flooding
mechanisms and has the potential to increase the flood risk to the surrounding area. Flood risk has been
assessed in relation to the impact on-site, and to the surrounding area from the Site, specifically assessing
the potential damage to property, risk to human life, and the effect on surrounding water bodies and drainage
systems. This Level 2 FRA considers risks associated with the following flooding mechanisms:
•
•
•
•
•
•

Fluvial (river) flooding;
Tidal flooding;
Groundwater flooding;
Flooding from overland flow;
Flooding from artificial drainage; and
Infrastructure failure.

This FRA has been prepared to examine these potential sources of flooding within the context of the
National Planning Policy Framework (NPPF)1, NPPF Planning Practice Guidance Documents2 and the
National Policy Statement for Ports (NPSP)3.

1.2.

The Site

The site is to be known as ‘Tilbury 2' and can be subdivided into two main zones (Figure 1-1):
•
•

Tilbury 2 site: comprising offices, a dock for shipping, welfare facilities, local access roads and
hardstanding for storage; and
Infrastructure corridor: providing road access and rail freight to the port terminal.

Although this FRA considers the entire site, given the different nature of the two areas described above, they
have occasionally been discussed separately to facilitate the assessment.

1

Department for Communities and Local Government (March 2012). National Planning Policy Framework, Department for Communities
and Local Government, Eland House, Bressenden Place London.
2
Home of the National Planning Policy Framework for England and planning practice guidance, Accessed May 2017,
http://planningguidance.communities.gov.uk/blog/guidance/.
3 Department for Transport, 2012 - National Policy Statements for Ports.
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Figure 1-1

1.3.

The Site

Report Scope

This report presents the Level 2 Scoping Study for flood risk for the Site. This FRA is based on readily
available existing information, including Environment Agency (EA) Flood Maps4, the Level 15 and Level 26
Strategic Flood Risk Assessment (SFRA) for Thurrock, the Tilbury Integrated Flood Strategy (IFS) 7 and the
River Trent Catchment Flood Management Plan (CFMP) for South Essex8 to inform the extent of flood risk
within and surrounding the Site.
The FRA considers a range of flooding mechanisms to satisfy the following three key objectives:
i.
ii.
iii.

To assess flood risk to the Site and to demonstrate whether residual flood risk to the site and its
users will be acceptable;
To assess the potential impact of the Site on flood risk elsewhere and to demonstrate that the
existing risk will not be increased; and
To satisfy the requirements of NPPF and NPSP1.

The FRA has been carried out to an appropriate degree of detail appropriate for the current stage of the
planning process. It assesses the risks of all forms of flooding to and from the Site, taking into account
climate change, and informs the application of the sequential approach.
The Construction Industry Research and Information Association (CIRIA) recommends a phased approach
in C624 “Development and Flood Risk – Guidance for the Construction Industry” 9 with three levels of
assessment as defined below:
•

Level 1: Screening study to identify whether there are any flooding or surface water management issues
related to a development site that may warrant further consideration. The screening study will ascertain
whether a Level 2 or 3 FRA is required;

EA (2017). What’s in Your Backyard? Accessed May 2017, http://apps.environment-agency.gov.uk/wiyby/default.aspx.
Scott Wilson, 2009 – Thurrock Strategic Flood Risk Assessment. Level 1 Report.
Scott Wilson, 2010 - Thurrock Strategic Flood Risk Assessment. Level 2 Report.
7
JBA, 2017 – Tilbury Integrated Flood Strategy, PS/2015/994.
8
EA, 2009 – South Essex Catchment Flood Management Plan.
9
Construction Industry Research and Information Association (CIRIA) (2004). CIRIA C624: Development and Flood Risk – Guidance for
the Construction Industry.
4
5
6
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•
•

Level 2: Scoping study to be undertaken if the Level 1 FRA indicates that the Site may lie within an area
that is at risk of flooding, or that the site may increase flood risk due to increased run-off. This study shall
confirm the sources of flooding which may affect the Site; and
Level 3: Detailed study to be undertaken if the Level 2 study concludes that quantitative analysis is
required to assess the flood risk related to a development site.

The Level 2 FRA presented here includes:
•
•
•
•

Assessment of all forms of flood risk (fluvial flooding, tidal flooding, groundwater flooding, overland flows,
sewer flooding and infrastructure failure);
Consideration of the site relative to any existing SFRA carried out by the Local Authority;
Consultation with the EA with regard to the potential flood risk at the site; and
Provision of suggested further work and mitigation measures, should these be required.

1.4.

Data Limitations

The following limitations apply to this report:
•
•
•
•

The Level 2 FRA report is largely based on findings from publicly available information which include the
EA and the Local Authority as well as other public and third party sources;
It is believed that the information obtained from the sources detailed within this report are reliable,
however the authenticity or reliability of the information can be guaranteed;
No attempt has been made to verify independent data collected by others and used in this report; and
No modelling has been undertaken as part of the assessment discussed in this report.
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2.

Policy

2.1.

Overview

This FRA has been undertaken with regard to the following policy documents:
•
•
•
•
•
•
•
•
•

NPPF1 and Planning Practice Guidance: Flood Risk and Coastal Change 2;
NPSP3;
Thurrock Level 15 and Level 2 SFRA6;
Tilbury IFS7;
Thurrock Local Flood Risk Management Strategy10
South Essex CFMP8;
Thames Estuary 2100 Plan (TE2100 Plan)11;
The Essex County Council Sustainable Urban Drainage Systems (SuDS) Guide12; and
Thurrock Local Flood Risk Management Strategy (LFRMS)13.

2.2.

National Policy

2.2.1.

National Planning Policy Framework and Planning Practice
Guidance: Flood Risk and Coastal Change

2.2.1.1.

Overview

The NPPF1 aims to prevent inappropriate development in areas at risk of flooding and to ensure that where
development is necessary in areas at risk of flooding, it is safe, and the risk of flooding is not increased
elsewhere. Local authorities should only consider development in flood risk areas appropriate where
informed by a site-specific FRA, based upon the EA’s standing advice on flood risk.
The NPPF1 requires that a site-specific FRA is undertaken for proposals of:
•
•
•
•

1 ha or greater in Flood Zone 1;
All proposals for new development (including minor development and change of use) in Flood Zones 2
and 3;
All proposals in an area within Flood Zone 1 which has critical drainage problems (as notified to the local
planning authority by the EA); and
All areas where proposed development or a change of use to a more vulnerable class may be subject to
other sources of flooding.

The FRA identifies and assesses the risks of all forms of flooding to and from the development and
demonstrates how flood risks will be managed so that the development remains safe throughout its lifetime,
taking climate change into account.
Development shall be directed as far as practicable towards Flood Zone 1 areas (low probability i.e. less
than 0.1% Annual Exceedance Probability (AEP) of fluvial/sea flooding) to avoid fluvial flood risks, wherever
possible. For developments proposed in Flood Zone 1, if the development area is greater than 1 ha, an FRA
will still be required to address design issues related to the control of surface water run-off and climate
change, as well as considering any other potential sources of flood risk for the development.

10

Thurrock Council, 2015 - Thurrock Local Flood Risk Management Strategy.
EA, 2012 – Thames Estuary 2100. Managing flood risk through London and the Thames estuary. TE2100 Plan
12
Essex County Council, 2016 - Sustainable Urban Drainage Systems Design Guide.
13
Thurrock, 2015 - Local Flood Risk Management Strategy.
11
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2.2.1.2.

Flood Risk and Flood Probability

The risk framework outlined in the NPPF1 defines the fluvial and tidal flood risk using the categories in Table
2-1. The fluvial/tidal extent map in the SFRA defines the geographical extent of Flood Zones 1, 2, 3a and 3b.
Table 2-1

Tidal Flood Zone Definition

Flood Zone

Further Assessments and Consultation to be Undertaken

Potential Residual
Effects

Flood Zone 1

At risk from a fluvial/tidal flood event greater than the 1 in
1,000-year event (greater than 0.1% annual probability).

Low Probability

Flood Zone 2

At risk from a fluvial flood event between the 1 in 100 and 1 in Medium Probability
1,000-year event (between 0.1% and 1% annual probability).
At risk from a tidal flood event between the 1 in 200 and 1 in
1,000-year event (between 0.1% and 0.5% annual probability).

Flood Zone 3a

At risk from a fluvial flood event less than or equal to 1 in 100year event.
At risk from a tidal flood event less than or equal to 1 in 200year event.

Flood Zone 3b

Land which will flood with an annual probability of 1 in 20 (5%) Functional Floodplain
or greater in any year or is designed to flood in an extreme
(0.1%) flood or otherwise defined by the Local Planning
Authority. This zone also comprises land where water has to
flow or be stored during periods of flooding.

High Probability

Flooding is a natural process that can present a range of different risks depending on its form. Flood
practitioners and professionals define the risks presented by flooding according to an AEP, or as having a
‘return period’. Flood risk includes the statistical probability of an event occurring and the scale of the
potential consequences. Flood risk is estimated from historical data and expressed in terms of the expected
frequency of a flood of a given magnitude. The 10 year, 50 year, 100 year and the 200 year floods have a
10%, 2%, 1% and 0.5% chance of occurring in any given year, respectively.

2.2.1.3.

Vulnerability Classification

The vulnerability of the proposed land use shall be taken into account as the consequences of flooding may
not be acceptable for particular types of development. The Planning Practice Guidance2 defines the ‘Flood
Risk Vulnerability’ classification of a site depending on its intended use. There are five classifications which
have specific caveats detailed in the NPPF guidance1 summarised in Table 2-2.
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Table 2-2

Flood Risk Vulnerability and Development Type

Essential
Infrastructure
Essential transport
infrastructure

Water Compatible

Highly Vulnerable

Flood control infrastructure.

Police, ambulance,
Water and sewage transmission fire stations,
command centres
Essential utility
infrastructure and pumping
and telecom
infrastructure
stations.
installations
(electricity generating Sand and gravel working.
operational during
power stations and
Docks, marinas and wharves.
flooding,
grid and primary
Navigation facilities.
Emergency dispersal
substations)
Ministry of Defence installations. points,
Water treatment
works
Basement dwellings,
Ship building, repairing and
dismantling, dockside fish
Mobile and park
Wind turbines.
processing and refrigeration and homes intended for
compatible activities requiring a permanent residential
waterside location.
use,
Water-based recreation
Installations requiring
(excluding sleeping
hazardous
accommodation).
substances consent.
Lifeguard and coastguard
stations.
Amenity open space, nature
conservation and biodiversity,
outdoor sports and recreation
and essential facilities such as
changing rooms.

More Vulnerable
Hospitals,

Less Vulnerable
Police, ambulance and fire
stations not operational during
flooding,

Residential
institutions,
dwellings, halls of
residence

Shops, restaurants, offices,
general industry, storage and
distribution,

Drinking
establishments,
hotels, non–
residential

Non-residential institutions not
in the ‘More Vulnerable’ class,

Uses for health
services, nurseries,
educational
establishments,
Landfill/sites used
for waste
management for
hazardous waste,
Sites used for
holiday or short-let
caravans and
camping.

Agriculture and forestry land
and buildings,
Waste treatment (excl. landfill/
hazardous waste facilities),
Minerals working and
processing,
Water treatment works (not
operational during floods)
Sewage treatment works.

Essential ancillary sleeping or
residential accommodation for
staff required by uses in this
category, subject to a specific
warning and evacuation plan.

Depending on the vulnerability classification of the proposed development, development is appropriate within
different flood zones, as detailed in Table 2-3.
Table 2-3

Flood Risk Vulnerability and Flood Zone Development Compatibility

Flood Zone

Flood Risk Vulnerability
Classification

Key:

2.2.1.4.

Essential
Water
Infrastructure Compatible

Highly
Vulnerable

More
Vulnerable

Less
Vulnerable

Zone 1

✓

✓

✓

✓

✓

Zone 2

✓

✓

Exception
Test Required

✓

✓

Zone 3a

Exception Test
Required

✓

X

Exception
Test Required

✓

Zone 3b

Exception Test
Required

✓

X

X

X

✓ : Development is appropriate

X : Development is not appropriate

Sequential Test

The NPPF1 states that the risk-based Sequential Test shall be applied at all stages of planning. Its aim is to
steer new development to areas at the lowest probability of flooding. Development shall be directed to areas
within Flood Zone 1 wherever possible and, if this is not possible, then development shall be sequentially
directed to areas least at risk within Flood Zone 2 and then Flood Zone 3.

2.2.1.5.

Exception Test

If, following the application of the Sequential Test, it is not possible or consistent with wider sustainability
objectives for the development to be located in zones of lower probability of flooding, the Exception Test can
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be applied. This test is only appropriate for use when there are large areas in Flood Zones 2 and 3, where
the Sequential Test alone cannot deliver acceptable sites, but where some continuing development is
necessary for wider sustainable development reasons.
For the Exception Test to be passed, the NPPF1 indicates that developments must comply with the following:
•
•

Demonstrate that the development provides wider sustainability benefits to the community that outweigh
the flood risk, informed by a SFRA where one has been prepared; and
A site specific FRA must demonstrate that the proposed development will be safe over its lifetime, take
account of the vulnerability of its users without increasing flood risk elsewhere and, where possible,
reducing flood risk overall.

2.2.2.

National Policy Statement for Ports

The NPSP is part of the planning system established under the Planning Act 2008 (PA2008) 14 to deal with
nationally significant infrastructure proposals. It is a National Policy Statement and provides the framework
for decisions on proposals for new port developments. It applies, wherever relevant, to associated
development, such as road and rail links, for which consent is sought alongside that for the principal
development.
With respect to flood risk the aims of planning policy on development and flood risk are to ensure that flood
risk from all sources of flooding is taken into account at all stages in the planning process, to avoid
inappropriate development in areas at risk of flooding and to direct development away from areas at highest
risk. Where new development is, exceptionally, necessary in such areas, including ‘water compatible’
development, policy aims to make it safe without increasing flood risk elsewhere and where possible,
reducing flood risk overall. Port development is water-compatible development and therefore acceptable in
high flood risk areas.
Furthermore, the following are indicated as minimum requirements to be included in the FRA:
•
•
•
•
•
•
•
•
•
•
•
•

14

Be proportionate to the risk and appropriate to the scale, nature and location of the project;
Consider the risk of flooding arising from the project, in addition to the risk of flooding to the project;
Take the impacts of climate change into account, clearly stating the development lifetime over which the
assessment has been made;
Be undertaken by competent people, as early as possible in the process of preparing the proposal;
Consider both the potential adverse and beneficial effects of flood risk management infrastructure,
including raised defences, flow channels, flood storage areas and other artificial features, together with
the consequences of their failure;
Consider the vulnerability of those using the site, including arrangements for safe access;
Consider and quantify the different types of flooding (whether from natural or human sources and
including joint and cumulative effects) and identify flood risk reduction measures, so that assessments
are fit for the purpose of the decisions being made;
Consider the effects of a range of flooding events, including extreme events on people, property, the
natural and historic environment and river and coastal processes;
Include the assessment of the remaining (known as ‘residual’) risk after risk reduction measures have
been taken into account and demonstrate that this is acceptable for the particular project;
Consider how the ability of water to soak into the ground may change with development, along with how
the proposed layout of the project may affect drainage systems;
Consider if there is a need to be safe and remain operational during a worst case flood event over the
development’s lifetime; and
Be supported by appropriate data and information, including historical information on previous events.

UK Government, 2008 – Planning Act 2008 [online]. Accessed May 2017, http://www.legislation.gov.uk/ukpga/2008/29/contents.
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2.3.

Local Policy Documents

2.3.1.

Thurrock Level 1 and 2 SFRA

Level 15 and Level 26 SFRAs have been produced for Thurrock Council which are relevant to the proposals.
The Level 1 SFRA provides an overview of the flood risk within Thurrock and subdivides the council in Broad
Areas of Regeneration (BAoR). The Site lies within the Tilbury BAoR.
The objective of the Level 1 SFRA was to collate and review available information on flood risk from all
sources of flooding within the study area. Information was sought from a variety of stakeholders including the
EA, Anglian Water, Essex and Suffolk Water and Thurrock Council. The deliverables from the Level 1 SFRA
were used by Thurrock Council to complete the Sequential Test for the area and to inform whether
development can be located within areas of low flood risk, or whether areas of higher flood risk will need to
be considered for development and thus the Exception Test applied. Where the Sequential Test identified
the need to develop in areas at risk of flooding, further data collection and/or analysis was carried out to
inform the Level 2 SFRA.
The Level 2 SFRA aims to provide more detailed information regarding the flood risk posed to the area,
taking into account the presence of current flood risk management measures such as flood defences. This
will allow for a sequential approach to be applied within a flood zone and inform the application of the
Exception Test where necessary. The increased scope Level 2 SFRA incorporates consideration of residual
risk in the event of a breach in the defences. Outputs of the Level 2 SFRA include maps showing the nature
of flood hazard, including variation on and time to inundation. This will enable a sequential approach to be
maintained for site allocation within Flood Zones. The Level 2 SFRA states that for the Tilbury2 land an
Exception Test is needed as there are no alternative sites in this area. This is following the application of the
Sequential Test, which indicated that locating the development in zones of lower probability of flooding is not
consistent with the wider sustainability objectives for the development. It is considered that the Sequential
Test was not sufficient to deliver acceptable sites to enable the development to be undertaken sustainably.
The findings of these SFRAs have been used to inform this report.

2.3.2.

Tilbury Integrated Flooding Strategy

Apart from the potential of tidal flooding, Tilbury is also at risk of flooding by surface water run-off which is
unable to drain away adequately. Tilbury is located on the north bank of the Thames Estuary on a low-lying
former marshland. It is served by a separate sewer system with surface water discharging into Main Rivers,
which subsequently drain into the Thames Estuary either by gravity outfalls or pumping. Consequently, the
surface water drainage is vulnerable to flooding when water levels in the Main Rivers are elevated 7.
Previous studies have investigated the detached flood risks from fluvial, surface water and sewer systems in
the area when parts of the system have come into different ownership. However, these water bodies interact
and affect each other and consequently the Tilbury catchment requires a modelling approach that considers
the interaction and interdependencies of the full drainage network to understand the relationship between
different flood events and their responses to precipitation7.
Therefore, the IFS includes the following7:
•

•
•
•
•

The outcomes of an integrated catchment model of the drainage system in Tilbury which includes all
components of the drainage system and can interpret the interaction between them. The model helped
to increase the understanding of flood risk from all non-tidal sources in Tilbury, as well as the interaction
between the different sources under different rainfall conditions;
Flood risk maps for Tilbury for a range of design storms and provides results that can be incorporated
into the EA's updated Flood Map for Surface Water;
Investigation of the drainage system performance for a range of climate change scenarios; 2040, 2070
and 2110 to align with the 'epochs' of the TE2100 plan11;
Use of the baseline non-tidal integrated catchment model to consider maintenance activities delivered
and regulated by the Partnership (Anglian Water and the EA);
An operational plan highlighting local drainage issues and concerns;
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•
•

Use of the baseline non-tidal integrated catchment model to consider outline options appraisal of flood
mitigation options for Tilbury in the short, medium and long term; and
An action plan which sets out the maintenance activities and the flood mitigation options investigated,
with timescales and owners for implementation. This are used to develop a risk-based and prioritised
appraisal of future capital investment in the existing infrastructure.

2.3.3.

Thurrock Local Flood Risk Management Strategy

The LFRMS10 for Thurrock aims to provide a framework for how local flood risk is managed. This strategy
sets out how the Thurrock council, as the Lead Local Flood Authority (LLFA), alongside other Risk
Management Authorities (RMAs), are responding to the flood risk identified in Thurrock.
The document specifies:
•
•
•
•
•
•
•
•
•

The RMAs in Thurrock;
The flood and coastal erosion risk management functions that may be exercised by the RMAs in relation
to Thurrock;
The objectives for managing local flood risk;
The measures proposed to achieve those objectives;
How the measures are expected to be implemented;
The timeframe for implementing the measures;
The costs and benefits of the measures, and how they will be paid for;
How and when the Strategy is to be reviewed; and
How the Flood Strategy contributes to the achievement of wider environmental objectives.

2.3.4.

South Essex Catchment Flood Management Plan

CFMPs are plans produced by the EA to aid the understanding of the scale and extent of flooding now and in
the future, and enable the setting of policies for managing flood risk within a catchment. The aim of the
CFMP is to promote more sustainable approaches for managing flood risk.
The South Essex CFMP8 divides the catchment into nine sub-areas. The Site is situated within sub-area 5
‘Thames Urban Tidal’. In this urban sub-area, there are areas of Low, Moderate or High flood risk which is
already managed, however further actions might be required to account for climate change. The majority of
the sub-area is relatively flat and low lying. Historically, the area has relied on a pumped drainage system to
control river and surface water flood risk. The failure of the system will lead to an unsuitable level of risk in
the sub-area.

2.3.5.

Thames Estuary 2100 Plan

The TE2100 Plan11 covers the River Thames estuary from Teddington in west London to the mouth of the
estuary at Shoeburyness (north bank) and Sheerness (south bank). It provides a plan for improving the tidal
flood defence system for the period up to 2100 so that current standards of flood protection are maintained
or improved for most of the estuary, taking into account sea level rise. The plan sets out how 1.3 million
people and £275 billion worth of property will continue to be protected from tidal flood risk. The TE2100 Plan
recommends actions that need to be taken in the short, medium and long term. The plan is based on
contemporary predictions of climate change; however, it is designed to be adaptable to future changes in
predictions (including sea level rise).
As part of the TE2100 Plan, one of the possible future arrangements would be the construction of an
additional barrier downstream (closer to the River Thames) by 2050 (Appendix D). Four potential frontages
are currently considered by the EA for the new barrier. Of these four frontages, two are located on the
Thurrock stretch of the Thames: Tilbury (Option 3.1, which includes the Tilbury 2 site) and Long Reach,
Purfleet (Option 3.2) which is deemed the preferred frontage of the options within the TE2100 Plan.
The EA has commissioned the Thames Estuary Asset Management (TEAM) 2100 project team to undertake
a desktop study (Appendix D) to further refine the candidate barrier locations within the four frontages
considered within the TE2100 Plan. The study suggested that the Tilbury 2 site frontage would be suitable to
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deliver a new barrier. This is due to several factors, including that the river is marginally narrower, the
development wouldn’t coincide with the Lower Thames Crossing (discussions have taken place with the
Department for Transport) and that geotechnical conditions are more favourable.
Large areas of land would be required for any new barriers, therefore the EA is looking to safeguard land
where opportunities present themselves along these candidate frontages, as there is currently no
confirmation that any future barrier could definitely be delivered on alternative frontages. Pending the final
outcomes of the TEAM2100 desktop study (Appendix D) it is currently anticipated that the land requirements
will be similar to the Thames Barrier, with a larger area on one side of the estuary and a smaller area on the
other. For any proposed barrier along the Tilbury reach, the larger area would be on the southern bank
(Gravesend area), principally due to the main control tower and other facilities being close to high ground. It
is difficult for the Tilbury2 proposals to take into account such long term proposals at this stage given that
plans for Tilbury2 cannot extend that far into the future. That said, land within the existing Port has had to be
flexible in order to adapt to changes in technology, cargo demand and legislation as well as other factors.
Tilbury2 would be no different and although safeguarding of land for a potential future barrier is not included
within the proposals, as with the existing port, that is not to say that operational land may not become
available in the future.

2.3.6.

Essex County Council SuDS Guide

It is understood that Thurrock Council has adopted the principles outlined in the Essex County Council SuDS
Design Guide12.
The guide is primarily intended for use by developers, designers and consultants who are seeking guidance
on the requirements for the design of SuDS in Essex. It provides information on the planning, design and
delivery of attractive and high quality SuDS schemes which should offer multiple benefits to the environment
and community alike. The County Council, as LLFA, will refer to this guide when it is consulted on planning
applications relating to SuDS. The guide provides a steer as to what is expected and should complement
national requirements whilst prioritising local needs.
The guide set outs 12 local principles and 16 local standards to be used in the design of SuDS.

2.3.7.

Local Flood Risk Management Strategy

The Thurrock LFRMS13 identifies how the LLFA are responding to flood risk in Thurrock and provides a
framework for how Thurrock Council will manage local flood risk. Furthermore, it provides information on the
local history of flooding, known sources of flooding as well as how the flood risk is likely to change in future.
The eight objectives of the LFRMS are to:
• Reduce the likelihood and consequences of flooding, particularly from surface water, groundwater and
ordinary watercourses;
• Identify gaps where further studies are required in order to get a better understanding of the causes and
effects of local flooding;
• Reduce the vulnerability of Thurrock, its residents and visitors to the detrimental effects of flooding;
• Establish clear roles, powers and responsibilities;
• Provide improved communication of clear information on local flood risk, appropriate responses and the
responsibilities for the Council and partners;
• Improve co-operative working, including across administrative boundaries;
• Improve natural habitat and the social environment through flood management schemes to provide
multiple benefits; and
• Establish a strategic funding plan and programme so priorities are identified and funding is secured for
measures that are affordable, and wherever possible, include provisions for contributions by those who
benefit.
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3.

The Site and Its Surroundings

3.1.

The Site

As outlined in Section 1, this FRA assesses the entire Tilbury 2 site, which can be split into two areas as
shown in Figure 1-1: the Tilbury 2 site as one area and the infrastructure corridor as a separate area. In
addition, the assessment has been informed by collecting relevant information from a buffer zone which
extends to 1km from the site boundary.
The site lies to the south-east of Tilbury, Essex and is centred at National Grid Reference (NGR) TQ 65742
75931. A description of the current site conditions and boundaries is reported below for the Tilbury 2 site and
infrastructure corridor areas.
The Tilbury 2 site area comprises approximately 61 hectares (151 acres) of the western part of RWE’s
former landholding at the former Tilbury A Power Station. RWE is planning to demolish the ‘B’ Station
located immediately to the east of the site boundary. Vegetation on the Tilbury 2 site area comprises scrub
and poor quality grassland, together with some areas of dense vegetation. Several drainage channels pass
through the Tilbury 2 site area and alongside the site boundaries.
The northern boundary of the Tilbury 2 site area is defined by a railway line which comprises the Tilbury loop
of the London-Southend line (Figure 1-1). The southern boundary is defined by the River Thames (Figure 11). The Tilbury 2 site area includes a deep-water jetty, previously used for the importation of coal. The Tilbury
2 site area has a frontage of approximately 290m within the river.
To the east, the Tilbury 2 site area is bounded in part by agricultural land, in part by the Tilbury 400kV
substation and in part by Power Station ‘B’ complex (Figure 1-1). Adjacent to the western boundary is an
Anglian Water Sewage Treatment Works and open land.
The Tilbury 2 site area itself is divided by an access road which runs east-west, known as ‘Substation Road’
(as it provides access to the operational Tilbury 400 kV substation). To the south of this road, the Tilbury 2
site area comprises the former Tilbury ‘A’ power station (and associated jetty), former coal storage areas and
ancillary buildings/land. Land to the north of Substation Road is partially occupied by open storage of new
cars by Hyundai (PoTLL was granted temporary planning permission for 5 years for this use in September
2016 by Thurrock Council) with the remainder existing as unkempt scrub land. The remainder of the land
north of Substation Road is largely brownfield land with areas of plantation woodland and developing scrub
although there are some areas of relic grazing marsh. Parts of the northern Tilbury 2 site area were formerly
used to manufacture ‘Lytag’ blocks as a by-product of fuel ash from the power station.
The Tilbury 2 site area is accessed directly from Fort Road to the west. A former rail connection point is
located to the north which was last used in the 1960s.
The infrastructure corridor area currently covers the railway section which links the Tilbury Town and East
Tilbury train stations.
The infrastructure corridor comprises a number of different land use types immediately adjoining the existing
railway corridor. At its eastern end, the land includes Fort Road itself and the existing bridge where Fort
Road crosses the railway at elevation. Immediately to the west of Fort Road is an area of scrub, beyond
which is a small industrial/depot site containing a number of small single storey storage buildings and an
area of external vehicle and plant storage. At its western end, the corridor includes land occupied by an
existing rail siding and operational land used by the Port for external storage (presently for imported new
motor vehicles) known as the ‘Fortland’ site, and a narrow corridor of landscaping between this and the
railway itself. Between these two developed areas at either end of the corridor is an area of land typically
used for the grazing of horses.
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3.2.

Topography

A topographical survey of the site indicates that the Tilbury 2 site area is relatively flat with elevations
between approximately 2.5m AOD and 3.0m AOD; however, there are some occasional topographical
variations associated with the existing buildings/structures where greater elevations are present.
The topography of the infrastructure corridor area is influenced by the presence of the mainline railway.
Specifically, the western portion of this area is characterised by an embankment which forms the southern
boundary of the railway with elevations ranging between approximately 3.5m AOD and 4m AOD. The
embankment elevations progressively reduce eastwards where these are generally between 1.8m AOD and
2.2m AOD. The area surrounding Fort Road to the south of the ridge presents elevations which range
approximately between 0.6m AOD and 1.1m AOD. The elevation of the railway track increases from west to
east (approximately 2.0m AOD to 2.3m AOD).

3.3.

Geology

3.3.1.

Regional Geology

A review of the BGS online geology viewer15 indicates that the superficial deposits at the site and
surrounding area are Alluvium associated with the River Thames fluvial deposition. This Alluvium is
described as soft to firm consolidated, compressible silty clay, which can contain layers of silt, sand, peat
and basal gravel; a stiffer, desiccated surface zone may be present. At c.700m to the north of the Tilbury 2
site (not within the site boundary), superficial deposits are characterised by Head (clay, silt, sand and gravel)
and the Boyn Hill Gravel Member (sand and gravel). Tidal River or Creek Deposits are expected to be
present alongside the Thames, which are characterised as soft to firm consolidated silty clay with layers of
sand, peat and basal gravel.
The viewer indicates that bedrock geology underlying the site and surrounding area is Seaford Chalk
Formation and Newhaven Chalk Formation (undifferentiated)15. The Seaford Chalk Formation is described
as firm white chalk with conspicuous semi-continuous nodular and tabular flint seams; hardgrounds and thin
marls are present in the lowest beds. The Newhaven Chalk Formation is described as being composed of
soft to medium hard, smooth white chalks with numerous marl seams and flint bands, including abundant
Zoophycos flints (notably at levels near the base). The Thanet Sand Formation (glauconite-coated with
nodular flints at the base, overlain by pale yellow-brown, fine grained sand) and a small area of Lambeth
Group deposits (sand, silt and clays) are located c.700m to the north of the site.

3.3.2.

Local Geology

The RPS 2015 Ground Investigation Interpretative report16 provides a summary of the various Ground
Investigations (GIs) which have been undertaken within the Tilbury 2 site area. A summary of the geological
conditions encountered during the GIs is provided in Table 3-1.
No GI results are currently available for the infrastructure corridor area from which to characterise the local
geology; however, given its proximity to Tilbury 2 site area it is considered likely that the local geology is
similar.

15

British Geological Survey (2017). Geology of Britain Viewer [online] Available from:
http://www.bgs.ac.uk/discoveringGeology/geologyOfBritain/viewer.html (Accessed May 2017)
16 RPS, 2015 - Ground Investigation Interpretative Report. Tilbury Power Station.
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Tilbury2 site Area Geological Conditions16

Table 3-1
Lithology

Thickness
(m)

Description

Made Ground

0.4 – 3.3

The thickness of the Made Ground tended to be reasonably consistent
across the site area, although appreciably thicker areas were observed
closer to the River Thames (to the south of the site).
The composition of the Made Ground was noted to be variable across
the site. At the southern and more developed portion of the site (former
Power Station A plant), hardstanding comprising concrete or
tarmacadam was often encountered. The underlying Made Ground soils
typically comprised grey gravelly and sandy clays, sandy gravel and
gravelly silt with fragments of flint, brick, concrete, ash and clinker.
In the northern, less developed, portion of the site, the Made Ground
typically comprised reworked natural material including firm brown and
grey clays with minor constituents of ash, clinker and brick. In this area
evidence of historical tipping was also encountered, with numerous
fragments of ash, clinker, brick, concrete, wood, plastic, fabrics, car
tyres, metal wire, metal fragments and rope observed.

Alluvium

13.3 - 15.7

Alluvium was encountered across the site underlying the Made Ground.
The strata generally comprised firm becoming very soft grey clay/silt with
frequent layers of peat (up to 1.6m in thickness in a number of
boreholes) and organic material.

Kempton Park
Gravels
(Not identified by
BGS maps)
Seaford and
Newhaven Chalk
Formation
(Undifferentiated)

2.0 – 4.7
(more
typically 4.0
- 6.0)

The Kempton Park Gravels were encountered during ground
investigation within the site area underlying the Alluvium. The strata
generally comprised medium dense to very dense silty sandy gravel with
numerous cobbles.

Not proven
(>8.0)

The Seaford and Newhaven Chalk Formation was encountered at
depths ranging between 15.7m and 22.6m bgl (metres below ground
level). The total thickness of the strata was unproven; however, the
published geological information suggests the stratum to be in excess of
100m in thickness.

3.3.3.

Hydrogeology

3.3.3.1.

Regional Hydrogeology

The EA website4 defines the Alluvium and Head superficial deposits as Secondary Undifferentiated aquifers,
the Boyn Hill Gravel Member as a Secondary A aquifer and the Tidal River or Creek Deposits as
unproductive. The Seaford Chalk Formation and Newhaven Chalk Formation (undifferentiated) have been
classified as a Principal Aquifer. A definition of these aquifer designations is provided below 4:
•
•
•

•

Principal aquifer: layers of rock or drift deposits that have high intergranular and/or fracture permeability,
meaning they usually provide a high level of water storage. They may support water supply and/or river
base flow on a strategic scale;
Secondary A aquifer: permeable layers capable of supporting water supplies at a local rather than
strategic scale, and in some cases forming an important source of base flow to rivers;
Secondary Undifferentiated aquifer: has been assigned in cases where it has not been possible to
attribute either category A or B to a rock type. A Secondary B aquifer is a predominantly lower
permeability layer which may store and yield limited amounts of groundwater due to localised features
such as fissures, thin permeable horizons and weathering; and
Unproductive Strata: rock layers or drift deposits with low permeability that have negligible significance
for water supply or river base flow.

3.3.3.2.

Local Hydrogeology

The most recent groundwater level data for the Tilbury 2 site area were recorded by RPS during the 2015
GI16. Groundwater strikes were recorded within the Made Ground, Alluvium and Kempton Park Gravels and
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are summarised in Table 3-2. The report states that the groundwater levels recorded during the RSP 2015
GI are broadly similar to those encountered in previous investigations across the Tilbury 2 site, as
summarised below16:
•

A shallow perched groundwater system is present at the Tilbury 2 site area which lies between the base
of the Made Ground and the uppermost parts of the Alluvium;
The shallow perched groundwater is not hydraulically linked with groundwater within the Kempton Park
Gravels;
Groundwater strikes within the Kempton Park Gravels were encountered at the top of the stratum and
groundwater level rises were significant where encountered, indicating saturation of the stratum and
subartesian groundwater conditions;
Groundwater within the Kempton Park Gravels is influenced by the tide of the River Thames, with the
degree of influence decreasing with distance from the Thames;
The direction of perched groundwater flow is inconclusive and it is considered likely that shallow
groundwater flow will be severely inhibited and affected by the presence of buried substructures and
drainage infrastructure; and
There is likely to be some hydraulic continuity between the Kempton Park Gravels and the underlying
Chalk.

•
•
•
•
•

No groundwater levels data is currently available for the infrastructure corridor area,this will be investigated
in detailed design through GI surveys controlled through the DCO. However, given that the geological
conditions are similar to the Tilbury2 site, the groundwater regime and depth is assumed to be similar
2015 Groundwater Strike Levels16

Table 3-2

Response Zone

Groundwater Strike
Depths (m bgl)

Groundwater Strike
Elevation (m AOD)

Groundwater
Elevation (m AOD) 20
mins after Strike

Made Ground

0.5 to 6.8

5.26 to -1.62

6.91 to -0.33

Alluvium

3.0, 4.2

-0.56, -1.45

0.75

Kempton Park
Gravels

14.0 to 17.0

-11.58 to -15.47

0.14 to -8.54

Seaford and Newhaven
Chalk Formation
(Undifferentiated)

No groundwater strike.

No specific groundwater contour maps for the Site and/or the wider Tilbury area are available. However,
information on the general flow direction has been obtained from the Dartford (Kent) District Hydrogeological
Map (1:63,360)17. This suggests that groundwater within the Chalk bedrock at the Tilbury 2 site is directed
towards the River Thames, which is the main groundwater discharge for the surrounding area.
There is no available information on the groundwater flow direction within the Kempton Park Gravels,
however this is likely to be towards the River Thames (i.e. southerly direction) as it flows adjacent to the
Tilbury 2 site. However, given that the superficial deposits are known to be heterogeneous, local variations in
the general groundwater flow direction cannot be discounted.

3.3.4.

Hydrology

3.3.4.1.

Water Features

The main hydrological feature present in the area is the River Thames which flows immediately south of the
inland portion of the site and where the new Ro-Ro berth is proposed be located. Although the OS maps do

17

Institute of Geological Sciences, 1968 - Hydrogeological Map of the Dartford (Kent) District (1:63,360) – 1968 [online]. Accessed May
2017, http://www.largeimages.bgs.ac.uk/iip/hydromaps.html?id=dartford.jp2.
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not report the direction of flow, all the drains/watercourses present in the area are likely to ultimately
discharge into the River Thames.
Given its location within the estuary, the section of the River Thames which flows adjacent to the Site
(named as Gravesend Reach) is strongly affected by the prevailing tides 18.
The Envirocheck report19 and Ordnance Survey (OS) maps20 indicate that there are a number of
watercourses and drains which flow through the Site and surrounding area. A summary is provided in Table
3-3 and their locations are shown in Appendix A.
The Thurrock Level 1 SFRA5 states that a collection of drainage channels serve large areas of Thurrock,
including Tilbury. Urban areas along the edge of the Thames Estuary generally have a combination of gravity
outfalls and pumped discharge. Low lying areas around Tilbury have numerous pumping stations to drain
marshland. The nearby grazing marshes have extensive channel networks to provide storage when the
gravity outfalls are tide locked and the control of water levels has an important influence on their habitat and
landscape value.
The Tilbury IFS7 states that the land drainage around the Site is comprised of two systems split into eastern
and western components by the A126 (St. Chad and Montreal Road) (see Figure 3-1).
•

Eastern system: The eastern side of Tilbury, which includes the Site, drains into the Chadwell Cross
Sewer, whilst the Pincocks Trough Sewer drains the upper catchment. The Pincocks Trough Sewer joins
the Chadwell Cross Sewer before they discharge into the River Thames via gravity and pumping at
Worlds End. Water levels in these watercourses are heavily affected by the tide, with tide locked
conditions preventing gravity outflow, and resulting in dependency on pumping capacity; and
Western system: Land to the west of the Site is drained via the East Tilbury Dock Sewer and discharges
into the River Thames via gravity at Hotel Gardens (also known as Chadwell Sluice).

•

All watercourses that are not Main Rivers fall under the control of Thurrock Council as Local Lead Flood
Authority.
Table 3-3

Hydrological Features

Feature

Location

Comment

Network of Unnamed
Drains 1

On site
(south of Substation Road)

Drains appear to be artificially canalised
and associated with the former Power
Station B Plant compounds.

Network of Unnamed
Drains 2

On site
(north of Substation Road)

Drains are associated with the fields
present to the north of Substation Road
(part of the West Tilbury Marshes).

Pincocks Trough
Sewer

On Site
(crosses the site near Fort Road)

Main River.

Chadwell Cross Sewer

On Site
(crosses the infrastructure corridor)

Main River.

East Tilbury Dock
Sewer

On Site
(crosses the western edge of the
infrastructure corridor)

Main River.

River Thames
(Gravesend Reach)

On Site
(southern border)

Main River.

Network of Unnamed
Drains 3

Off Site
(various distances east of site)

Drains are associated with the fields
surrounding the land to the east of the
site (part of the East Tilbury Marshes).

RPS, 2015 – Phase 1 contaminated Land Assessment. Tilbury Power Station.
Landmark, 2017 – Envirocheck Report n.107251247_1_1
20 DEFRA, 2017 – MAGIC Viewer [online]. Accessed May 2017, http://magic.defra.gov.uk/MagicMap.aspx.
18
19
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Feature

Location

Comment

West Tilbury Main

Off Site
(c.500m east of site)

Main River.

Unnamed Stream 1

Off Site
(c.300m north of the site, discharging
into the Pincocks Trough Sewer)

Main River.

Bill Meroy Creek

Off site
(c.300m west of the Tilbury 2 site area
and c.400m south of the infrastructure
corridor)

Small watercourse discharging into the
River Thames.

Network of Unnamed
Drains 4

Off site
(c.300m west of the Tilbury 2 site area
and c.150m south of the infrastructure
corridor)

Drains associated with nearby fields.

3.3.4.2.

Tilbury Flood Storage Area

The Tilbury IFS7 reports that non-tidal flood risk within Tilbury is reduced by an upstream Flood Storage
Area (FSA) north of the town (Figure 3-1). This was constructed in 1972 following serious flooding that
occurred in September 1958 and September 1968 as a result of intense rainfall. The FSA is designed to
reduce flood risk to the town by storing water from the marshland and steep upstream areas. This provides
time for run-off generated within the town to discharge into the Thames limited by pump capacity and
prevailing tide locked conditions at the gravity sluice outfalls. The FSA is comprised of earth embankments
present alongside the northern extent of the town.
The FSA is designated as a large raised reservoir under the Reservoirs Act. It is composed of two
components; the East FSA and the West FSA which are separated by the A126 (Figure 3-1). Outflow from
the East FSA is controlled by Fort Road Sluice located on the Pincocks Trough Sewer immediately upstream
of the railway line (just north of the site). Flow is regulated through the Fort Road Sluice based on the
recorded water level on the Chadwell Cross Sewer in the culvert running underneath the town at Brennan
Road. The West FSA drains freely by twin culverts under Dock Road.
A previous study identified7 that much of the land in the eastern FSA is above predicted flood levels and that
the flood embankments were inadequate to contain the 1% AEP event, which would result in flooding
occurring in parts of the town. Following that study, works were undertaken on the FSA embankment to
improve the standard of defence to the 0.1% AEP event.
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Figure 3-1

Tilbury Flood Storage Area and Land Drainage Configuration 7

3.4.

Existing Infrastructure

3.4.1.

Canals and Artificial Waterways

No canals are present within the site or in the surrounding area.

3.4.2.

Reservoirs

Whilst not principally designed as reservoirs according to the Tilbury IFS7 the East and West FSA's are
designated as large raised reservoirs under the Reservoirs Act 1975. The East FSA lies just to north of the
site.

3.4.3.

Sewers and Water Mains

The water mains system in the area where the site will be located is managed by Essex and Suffolk Water,
whereas the sewer system is managed by Anglian Water.
Essex and Suffolk Water were consulted with respect to the site to identify whether any alterations would
impact the area’s water mains system. Essex and Suffolk Water responded that their records show that their
existing apparatus should not be affected by the Site (see Appendix D). However, no water mains records
are currently available.
The western boundary of the site borders the Anglian Water Sewage Treatment Works (STW). Consultation
with Anglian Water (see Appendix D) revealed that apart from the STW, there are several existing foul
sewers within the boundary of the site which are essential assets to serve the existing foul water system.
There is an existing sewer outfall which discharges into the River Thames within proximity of the proposed
ro-ro berth.

3.4.4.

Flood Defence Structures

The site is located within an area benefiting from flood defences as shown in Figure 3-2. Details of the flood
defences characteristics are provided in Section 4.4.
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Figure 3-2

Flood Defences5
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4.

Level 2 Flood Risk Assessment

4.1.

Overview

NPPF1

The
states that all types of flooding shall be considered in the site framework. The extent to which
these shall be considered will vary and depend on whether they are considered as significant at the spatial
planning scale and in setting constraints on development in certain areas. The following sections of the
report assess flood risk and subsequently identify those sources of flooding that require further
consideration.

4.2.

Sequential Test and Exception Test

The proposed development is classified as a ‘Water Compatible Development’ in line with the NPPF1 and
NPS. A port terminal and the associated proposed infrastructure, are considered water-compatible land uses
because they cannot reasonably be located anywhere except a waterfront location. Because of this, and the
discussion given in Chapter 6 of the ES outlining the reasons for which the Tilbury 2 site has been chosen, it
is considered that the proposals can demonstrate satisfaction of the Sequential Test as an appropriate
location in a flood risk zone and would not necessarily need to consider the Exception Test.
However, even if not formally required, it is considered that the proposals would also pass the Exception
Test:
•
•
•

The proposals will bring wider sustainability benefits to the community, as set out in the ES;
The proposals are located on developable, previously developed land; and
As suggested by this FRA, the proposals will be safe without increasing flood risk anywhere else.

The proposals are thus considered acceptable with respect to flood risk policy.

4.3.

History of Flooding

A summary of the historical flood events recorded within the site and surrounding area is provided in Table
4-1 and has been obtained from the Thurrock Level 1 SFRA5.
The only recorded flooding which has affected the site is associated with high tides. No other flooding events
have been recorded within the site area, however, six sewer flooding incidents are reported to the north
(within the Tilbury residential area, see Figure 4-1). Although the Tilbury IFS7 states the town has a history of
surface water flooding problems from various sources, none have occurred at the Site.
Table 4-1

Historical Flooding Events

Source

Approximate Distance from The Site

Tidal

On site (prior to flood defence improvements)

Sewer

60m (N)

Sewer

100m (N)

Sewer

300m (N)

Sewer

300m (N)

Sewer

800m (N)

Sewer

1,000m (NW)

The Thurrock Level 1 SFRA5 states that South Essex has historically experienced tidal flooding on a large
scale. The South Essex area has suffered two major flood events during the 20th century: 1928 and 1953.
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The January/February 1953 flooding event was caused by an intense low-pressure system that developed in
the North Sea sending a storm surge south along the east coast and creating a tidal level of 5.03m AOD, the
highest on record5. The existing flood defences at the time were overtopped and a significant proportion of
Tilbury, including the vast majority of the Site, was flooded5 (Figure 4-2).
The 1953 flood affected eastern England and had the most significant impact with 307 people losing their
lives, a further 30,000 being evacuated and 24,000 properties destroyed. The overall cost of the disaster is
estimated at over £5 billion in current economic terms5.
In response to the major flood events, the Government initiated the construction of an improved flood
defence scheme. Flood defence measures include barriers at Purfleet, Grays, Tilbury, Tilbury Fort, Shell
Refinery, Canvey Island and the Holehaven and Benfleet barriers, as well as many kilometres of raised walls
in both the upper and lower reaches of the estuary5. The loss of life during the 1953 floods could have been
avoided through a more comprehensive forecasting and warning system. Therefore, in addition to the hardengineered structural defences, the local authorities also aimed to improve the warning systems in the area5.
No specific information is available for the 1928 tidal flood event.
Figure 4-1

Sewer Flooding Historical Events5
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Figure 4-2

4.4.

1953 Flood Extent5

Tidal Flooding

The EA flood zone mapping presented in Appendix B indicates that the Site is situated within Flood Zone 3
which has a 0.5% (1 in 200) or greater chance of flooding each year. It shall be noted that the EA flood maps
assume that no defences are in place. Nevertheless, as discussed in Section 3.4.4, the Site benefits from
the Thames Tidal Defences.
Areas benefiting from flood defences are defined as those which benefit from formal flood defences,
specifically in the event of flooding from rivers with a 1% (1 in 100) chance in any given year, or flooding from
the sea with a 0.5% (1 in 200) chance in any given year. As indicated in the Thurrock Level 1 SFRA5, the
standard of protection of the flood defences in close proximity to the Site is 0.1% AEP which is designed to
defend London up to a 1 in 1,000 year tidal flood event. The crest height of the flood defence wall protecting
the Thurrock ‘coastline’ varies between 6.9 m AOD and 7.2 m AOD, including within the Tilbury 2 site. The
defences include a minimum freeboard of 630 mm and 120 mm above the 1 in 200 and 1 in 1,000 year tidal
events respectively5. The current condition grade for defences in the area is 4 (poor) on a scale of 1 (very
good) to 5 (very poor). It is understood that these defences are presently being assessed by the TEAM2100
programme and plans developed for repairs (see Appendix D).
Although flood defences are present, the Thurrock Level 2 SFRA6 states there is always a risk that the
defences may be overtopped and/or breached since the presence of defences can only reduce and not
remove the risk of flooding. As part of the Thurrock Level 2 SFRA6, hydrodynamic breach modelling was
carried out at 21 locations along the Thurrock frontage in order to assess the residual risk. The nearest
breach node to the Site considered in the model is “C007” which is located on the frontage of the retained
RWE Tilbury Power Station (NGR TQ 66216 75373). The “C007” breach is assumed to have a width of
20 m.
The hydrodynamic breach model was used to estimate the following elements:
•
•

Maximum flood depth: Obtained from the water level achieved at each point in the model minus the
topographic level at that point;
Flood hazard: Function of the flood depth and flow velocity at a particular point in the floodplain. Each
element within the model is assigned one of four hazard categories ‘Extreme Hazard’, ‘Significant
Hazard’, ‘Moderate Hazard’, and ‘Low Hazard’; and
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•

Time to inundation: Time taken for floodwaters to spread across the flood cell from the time tidal water
enters the breach.

In addition, the hydrodynamic breach model considers the following flood scenarios:
•
•
•

A tidal flood event with a return period of 1 in 200 years (2009) – flood hazard only;
A tidal flood event with a return period of 1 in 200 years (with climate change 2109); and
A tidal flood event with a return period of 1 in 1,000 years (with climate change 2109).

The Thurrock Level 2 SFRA6 provides a series of maps which visually report the outcomes of the breach
model. These maps are illustrated separately for each BAoR as defined by the Thurrock Council. The site
lies within the Tilbury BAoR and the associated modelling output maps are reported in Appendix C. A
summary of the outcomes is provided in Table 4-2.
The breach modelling outputs suggest that the Site is at High risk of flooding in the case of a breach of the
tidal defences. The flood hazard is currently ‘Significant’ (2009) throughout the majority of the site and it is
likely to be classified as ‘Extreme’ by 2109. The most at risk areas of the site are those located within
proximity of the breach where the time of inundation is less than one hour.
Given the above considerations, the site is deemed to be at High risk of flooding if a breach and/or
overtopping of the flood defences occurs. Suggested mitigation measures to address this risk are considered
in Section 5.
Table 4-2

Breach Modelling Outcomes Summary
1:200 years Tidal
Event (2009)

1:1,000 years
Tidal Event
(2009)

Maximum
Not available.
flood depth

Flood
hazard

Time to
inundation

4.5.

Mainly ‘Significant’.
However, at some
locations ‘Extreme’
and between ‘Low’
and ‘Moderate’.

1:200 years Tidal Event
(2109)

1:1,000 years Tidal Event
(2109)

Tilbury 2 site: mainly
between 0 and 1.5m.
Infrastructure corridor: up
to c.3m.

Tilbury 2 site: mainly
between 0 and 2m.
Infrastructure corridor: up
to c.4m.

Mainly
Mainly ‘Significant’ and
‘Significant’
‘Extreme’.
and ‘Extreme’.

Not available.

<1 hr in the vicinity of the
breach and generally
between 1 and 4 hrs in the
remaining areas of the
site.

Mainly ‘Extreme’ and at
some locations
‘Significant’.
<1 hr in the vicinity of the
breach and at some
locations within Application
2. Generally between 1
and 4 hrs in the remaining
areas of the site.

Fluvial Flooding

As discussed in Section 3.3.4, there are a number of watercourses and drains that flow through the site and
surrounding area.
Thurrock Level 1 SFRA5 states that the arterial drainage network in Tilbury may experience flooding as a
result of the following: high rainfall events in the local catchment, blocked channels, rainfall exceeding pump
capacity at channel outlets or pump failure at the downstream end of drainage channels, which may cause
out of bank flows or the backing up of water behind defences at the channel outlets. However, given their
extremely small catchment, no flood zones have been generated by the EA for these watercourses indicating
that they do not pose a serious flood risk to the area.
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Furthermore, the only fluvial flood risk identified by the Thurrock Level 1 SFRA5 is associated with the River
Mardyke and the Stanford Brook as also confirmed by the LFRMS10. However, the site is not within the fluvial
floodplain of these watercourses and thus they are unlikely to pose any potential risk of flooding to the site.
Finally, as presented in Section 4.3, no fluvial flooding events have been historically recorded at the Site and
surrounding area.
However, it is noted that the infrastructure corridor will create infrastructure passing over main rivers and
ordinary watercourses which could potentially constrict flow and thus increase the risk of fluvial flooding
(Low/Moderate). Suggested mitigation measures are considered in Section 5.

4.6.

Groundwater Flooding

Groundwater flooding occurs when groundwater emerges at the surface (subsequently becoming overland
flow) or into subsurface voids as a result of abnormally high groundwater levels. This can have a direct
impact on buildings and services, as well as an indirect impact by increasing infiltration of groundwater into
sewers and soakaways, reducing their capacity to convey surface water run-off. Groundwater flooding is
sporadic in time and location, but when it occurs, it is usually of longer duration than surface water flooding
and can interfere with property and infrastructure (such as roads).
Elevated groundwater levels as a result of rainfall may cause the reactivation of springs and ephemeral
watercourses (often referred to as ‘clearwater’ flooding). Groundwater flooding may also be a result of rising
groundwater (rebound) following reductions in abstraction, mine water recovering to natural levels following
cessation of pumping, and local shallow drainage/flooding problems unrelated to deep groundwater
responses.
The Thurrock Level 1 SFRA5 reveals that groundwater flooding in the area is usually associated with chalk
and limestone catchments that allow groundwater to rise to the surface through the permeable subsoil
following long periods of wet weather. Groundwater flooding might be a problem in the southern area of
Thurrock where chalk formations are present as in the case of the Site. As described in Section 3.3, the
bedrock underneath the Site is defined by the Seaford Chalk Formation and Newhaven Chalk Formation
(undifferentiated) which forms a Principal (chalk) Aquifer. Also, the South Essex CFMP8 states that
groundwater flooding is a risk in the chalk areas around Thurrock and Tilbury, where there are high
groundwater levels in the underlying rock. However, as described in Sections 3.3.3.2, the superficial deposits
which overly the chalk, are formed by Made Ground, Alluvium and the Kempton Park Gravels. A shallow
perched groundwater system is present between the base of the Made Ground and the uppermost parts of
the Alluvium whereas the Kempton Park Gravels aquifer is in subartesian conditions. It is therefore
considered likely that the Alluvium (described as a firm becoming very soft grey clay/silt with frequent layers
of peat and organic material) is acting as an aquitard and providing a barrier to a groundwater levels rises
from the Kempton Park Gravels and also the chalk.
As demonstrated in Section 4.3, no records of historical groundwater flooding at the Site and surrounding
area have been identified. Furthermore, as stated in the South Essex CFMP8, no groundwater flooding
issues have been recorded in the entire South Essex catchment area.
The inland portion of the Site will be mainly formed by hardstanding areas to accommodate containers,
trailers and cars and to host a bulk aggregate handling facility, in addition to the construction of road and
railway links. Although some deep foundations might be required for some ancillary buildings, these are
likely to be of minor extent and thus unlikely to interfere with the wide groundwater flow which could have
resulted in groundwater levels rising behind structures.
Most of these developments are likely to require some ground raising/levelling works and excavations may
be required during the construction phase which could be at risk of inundation from the shallow groundwater
in the Made Ground. There may also be an increased risk of groundwater flooding if the Alluvium is fully
penetrated or removed during works.
Whilst the risk of groundwater flooding is deemed to be Low during the operational phase of the
development, excavations during the construction phase might encounter the shallow perched water table or
penetrate the Alluvium aquitard. This might pose a potential risk for workers and machinery on site. As a
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result, during the construction phase, the potential risk of groundwater flooding is deemed to be Moderate
and thus further mitigation measures are considered in Section 5.

4.7.

Pluvial Flooding

Pluvial and overland flooding results when rainfall fails to infiltrate the ground surface and travels over the
ground instead. This is exacerbated by low permeability urban development or low permeability soils and
geology (such as clayey soils). Overland flow is likely to collect at the base of slopes and low points in
terrain. Local topography and built form can have a strong influence on the direction and depth of flow. The
design of a development can reduce or exacerbate this.
The Thurrock Level 1 SFRA5 states that this form of flooding is likely to occur in the urban parts of Thurrock,
including Tilbury and thus the Site. The soils within the catchment are considered relatively impermeable
(predominately soil class 3 with soil class 2) as they are loamy and clayey with naturally high water content
with little infiltration potential8. Furthermore, it is suggested that where large areas of impermeable surfaces,
such as car parks and paving areas will be created, these will generate large volumes of surface water runoff during rainfall events unless suitable mitigation measures, such as flood routing are implemented 5.
The EA surface water flooding map4 (Figure 4-3) suggests that, although at some locations (especially within
the low lying areas generated by the watercourses/drains) a high pluvial flooding risk has been defined, the
vast majority of the Site lies in an area of Very Low pluvial flood risk. This is also confirmed by the LFRMS10
which does not include the Site within one the areas that are more likely to be vulnerable to pluvial flooding.
The site will be mainly covered by hardstanding in addition to road and railway links. This will cause
increased run-off and an increase in the associated flooding risk; therefore, mitigation measures are
considered within Section 5.
Figure 4-3

EA Pluvial Flood Risk Map4
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4.8.

Infrastructure Failure Flooding

4.8.1.

Overview

Infrastructure which retains water or transmits or controls flows (i.e., canals, reservoirs, SuDS features,
dams, water supply pipelines or other water bodies) near the site has the potential to fail and cause flooding
on and off site. During flood conditions, it is possible that other water bodies will experience the effects of
increased rainfall. If these assets are not able to cope, and overtop or fail, flooding can occur.
Sections 4.8.2 to 4.8.4 consider separately the flood risk from canals/artificial waterways, reservoirs, sewers,
drains and water mains.

4.8.2.

Canals and Artificial Waterways

As detailed in Section 3.4.1, no canals and other artificial waterways are present within the site and
surrounding area. This is not considered to be a risk.

4.8.3.

Reservoirs and Lakes

When reservoirs and lakes flood, there can be implications beyond the immediate area of the water body
where water flows onto adjacent land and/or enter local watercourses.
The EA website states that ‘Reservoir flooding is extremely unlikely to happen. There has been no loss of life
in the UK from reservoir flooding since 1925. All large reservoirs must be inspected and supervised by
reservoir panel engineers. As the enforcement authority for the Reservoirs Act 1975 in England, we ensure
that reservoirs are inspected regularly and essential safety work is carried out’.
According to the EA Flood Map4 as shown in Figure 4-4, the Tilbury 2 site area is not within the floodplain
extent of a reservoir whereas part of the infrastructure corridor area is within the extent of the East FSA
floodplain (centred at approximate NGR TQ 64850 77168) (see Section 3.3.4.2 and 3.4.2) which forms the
northern border of the new port development. Whilst there is the potential for inundation as discussed above,
the risk of flooding is very low given that the probability of flooding is extremely low and that reservoirs are
subject to constant maintenance. Therefore, provided that no damage to the East FSA defences occurs, no
further mitigation would be required.
Figure 4-4

Reservoir Floodplain Extent4
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4.8.4.

Sewer, Drains and Water Mains Flooding

Sewer and drain flooding can occur when the sewerage/drain infrastructure becomes overwhelmed by heavy
rainfall due to inadequate capacity or blockages (such as silt or debris accumulation). New developments are
required to ensure that the drainage and sewer systems are sized appropriately such that no additional risk
for the site itself and the surrounding area is caused. In addition, works above or adjacent to existing sewer,
drain and water mains networks may also damage buried pipes to the extent that it leads to flooding. This
may result from damage caused during excavations or through damage causing blockages below ground.
As presented in Section 4.3, no flooding from water mains and drains has been recorded within the Site and
surrounding area. Furthermore, as stated in Section 3.4.3, Essex and Suffolk Water apparatus is not
anticipated to be affected by the Site.
The sewer system (foul water) in the Tilbury area is managed by Anglian Water and its Sewage Treatment
Works (STW) are adjacent to the western boundary of the Tilbury 2 site area. No flooding from sewer
systems has been recorded within the Site, however, several incidents have been recorded in the residential
area of Tilbury which lies to the north north-west of the site. The EA (Appendix D) has suggested that, at
present, the Tilbury STW is operating at about 96% capacity, which is believed to leave a sufficient volume
to accommodate discharges from the Site, given the large dimension of the STW. Nevertheless, considering
the substantial amounts of development activity currently going on at Tilbury, it cannot be discounted that the
available capacity may be reduced before the proposed development is operational.
As part of the drainage strategy of the Site, an initial assessment of the foul water system capacity indicates
that foul water will be able to be pumped directly from the Site to the Anglian Water STW as per the existing
system associated with the former Tilbury A power station at a rate likely to be approximately four times
lower than the former Tilbury A power plant. In fact, Anglian Water have confirmed that there is sufficient
capacity to serve the works (see Appendix D)
Therefore, as there is a reduction in foul discharge from the Site, the Anglian Water assets are assumed to
have sufficient capacity to accept the flows. In addition, the proposals currently envisage the implementation
of a range of SuDS (as set out in section 5) to attenuate run-off discharges (taking climate change into
account). The incorporation of these techniques should result in a Low risk of flooding from the drainage
system. As anticipated in Section 3.4.3, there are a number of existing foul sewer systems within the
boundary of the Site for which Anglian Water requires access for maintenance purposes, following
construction. Consultation with Anglian Water (Appendix D) highlighted that the construction works might
potentially require diversions and/or modifications to the sewer infrastructure. Furthermore, the existing
sewer outfall, which discharges into the River Thames close to the proposed ro-ro berth might potentially be
impacted by the site. Mitigation and further considerations for this issue are therefore outlined in Section 5.
Providing the capacity of the sewerage and drainage system is appropriately maintained and/or improved
where required, alongside the implementation of SuDS measures, it is considered that a Low potential risk of
flooding from sewers and drains exists for the Site. Provided appropriate and safe work procedures are
adopted, it is unlikely that flooding from a water main will occur, thus the associated risk is considered Low.

4.9.

Non-Tidal Flooding Sources Combined (Tilbury IFS)

The previous sections provide an assessment of all the different potential sources which may cause flooding
at the Site.
As reported in Section 2.3.2, the Tilbury IFS7 presents the outcomes of a modelling exercise which considers
the combined effect of the most significant elements which concur during a non-tidal flooding event. The
findings of the IFS have been reviewed as part of this FRA.
The IFS model considers the following elements7:
•
•
•

Rainfall and run-off;
Surface water sewer network;
Stream network with associated pumping station and hydraulic structures;
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•
•
•

Surface waters sewer network;
The East and West FSAs; and
Tidal influence on the gravity outfalls.

Since the foul system is almost fully isolated from the drainage system, it has not been included in the
model. Groundwater has also not been considered as one of the modelling elements.
The model considers a suite of storm scenarios for the following rainfall events return periods: 1 in 1, 10, 20,
30, 40, 50, 75, 100, 200 and 1,000 years. A two-hour storm duration was used for all the simulations as it
allows for worst case scenario, representing an overwhelmed network during intense short duration storm
events and the natural collection of water in the topographic low points in the medium to long duration
storms. Finally, all the return periods scenarios have been simulated for four epoch events; present day,
2040, 2070 and 2110 to align with the TE2100 plan11.
The modelling results are presented in two categories of maps7:
•
•

Maps showing the depth of flooding (in m); and
Maps showing the hazard to people which is estimated by combining the depth of flooding with the flow
velocity. The hazard score is classified into one of four categories: Low, Moderate, Significant and
Extreme.

These maps have been produced for each of the four epoch events and each rainfall event and are reported
in Appendix E.
The modelling exercise has identified three main flooding hotspots: Quebec Road/Christchurch Road,
Northview Avenue and Brennan Road, all located within Tilbury town and thus not within the Site Boundary.
Within the Site Boundary and surrounding land, the risk is predominantly Low although Significant to
Extreme risk has been identified in small and localised areas mainly associated with topographical lows
(evidently, the risk increases for greater rainfall event return periods and later epochs). Considering that the
Site has not been listed among the potential flooding hotspots, the risk of flooding predicted by the model for
the Site can be considered as Low.
Provided that mitigation measures (as considered in Section 5) are implemented, the flood risk at the site as
predicted by the IFS model is considered to be Low.

4.10.

Effects of Climate Change

The Adapting to Climate Change: Advice for Flood and Coastal Erosion Risk Management Authorities 21
document predicts the following with respect to climate change:
•
•

A total potential increase of the peak river flood flow allowances of 25% by 2080 (50th percentile
estimate); and
A sea level rise rate of 4 mm/year, 8.5 mm/year, 12 mm/year and 15 mm/year respectively up to 2025,
between 2026 and 2055, between 2056 and 2085 and between 2086 and 2115.

In addition, an assessment completed as part of the South Essex CFMP8 estimates that by 2100
approximately 11,800 people and 4,800 residential and commercial properties will be at flood risk across the
CFMP area from the 1% annual probability river flood. These figures take account of current flood defences.
River flood risk increases mainly in Wickford, Basildon, Tilbury, Canvey Island, Southend-on-Sea and
Stanford-le-Hope.
Furthermore, the UK’s Climate Projections (UKCP09)Error! Bookmark not defined. show that the Thames
catchment region is likely to experience hotter drier summers, warmer wetter winters and rising sea levels.
There is a likelihood of increased flooding, drought, heat-waves, intense rainfall events and other extreme
events such as storms. Adaptation is therefore necessary in order to deal with the potential impacts of these
changes and possible occurrences which are and have been happening already. This is likely to have a

21

Environment Agency, 2016 - Adapting to Climate Change: Advice for Flood and Coastal Erosion Risk Management Authorities.

Atkins Port of Tilbury Terminal 2 Development. Level 2 Flood Risk Assessment | Version 2.0 |
September 2017 | 5153817

27

Port of Tilbury Terminal 2 Development
Level 2 Flood Risk Assessment
significant effect on environmental conditions and will increase the impact of human activity on the water
environment.
Given the above considerations, climate change is likely to have a significant effect on future flood risk.
Mitigation suggestions in this regard are considered in Section 5.
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4.11.

Pre-Mitigation Flood Risk Summary

Table 4.3 sets out the potential sources of flood risk to the site and the potential impacts the site could have
on the wider catchment prior to mitigation. The mitigation measures being considered are discussed within
Section 5.
Table 4-3

Summary of Flood Risk Status

Flood Source

Risk

Tidal

High

Fluvial

Low/Moderate

Groundwater

Moderate (Construction Phase)
Low (Operational Phase)

Pluvial

Moderate

Canals and Artificial Watercourses

Very Low

Reservoirs and lakes

Low

Sewers

Low

Drains

Low

Water Mains

Low

Climate Change

High

Overall it is concluded that:
•
•
•
•
•

There is a High risk of tidal flooding at the Site should a breach and/or overtopping of the flood defences
occur;
There is Moderate risk of groundwater flooding of excavations during the construction phase;
There is Moderate risk of pluvial flooding caused by an increase of the hardstanding surface;
There is a Low/Moderate risk of fluvial flooding which can be caused by the infrastructure corridor
passing over main rivers and ordinary watercourses which might potentially cause a constriction of flows;
and
There is a High risk associated with climate change effects. Therefore, climate change should be taken
in account in the quantitative assessments that will be undertaken for the site, where applicable.

A number of mitigation measures to address the above are considered in Section 5.
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5.

Flood Risk Mitigation and
Recommendations

As outlined in Section 4 of this report, sources of potential flood risk have been identified. This Section sets
out the proposed mitigation measures that will be implemented as part of the detailed design, that have been
determined following consultation with the Environment Agency.

5.1.

Tidal Flood Risk Mitigation

As stated in Section 4.4, the site is considered at High risk of tidal flooding if a breach and/or overtopping of
the flood defences occurs. The following measures should therefore be implemented. :
•

•

•

•

To implement the mitigation measures set out in the Level 3 FRA that has been undertaken for the site
on the basis of the hydrodynamic breach model used for the Thurrock Level 2 SFRA 6 in line with the EA
requirements and recommendations provided in Appendix D;
It is understood that, in line with the TE2100 Plan, there is the future requirement to raise the flood
defences to either 7.40 m AOD or 8 m AOD in the Tilbury reach (see Appendix D). The current design
for the Tilbury2 proposals takes account of the 7.40 m AOD level, in line with current climate change
guidance, and includes allowance for the 8 m AOD level, should this be required. This design was
discussed with the EA at a meeting on 29 August 2017 (see Appendix D) during which the EA approved
the proposed design. Confirmation of this approval will be procured during the detailed design process
as a result of the protective provisions for the benefit of the Environment Agency that are included in the
DCO;
As outlined in discussions with the EA (Appendix D), the proposals are generally acceptable since they
will not interfere with the operation of the tidal defences. During the meeting of the 29 August 2017
(Appendix D), the EA was consulted with regard to floodgates to be retained and/or constructed along
the flood defence wall at Tilbury 2. The EA agreed with the proposal, provided that appropriate
maintenance is undertaken by Port of Tilbury (PoTTL) who will be responsible for the floodgates.
Confirmation of this approval and an agreed maintenance regime will be procured during the detailed
design process as a result of the protective provisions for the benefit of the Environment Agency that are
included in the DCO; and
Following consultation with the EA, all permanent aspects of the development (so excluding, for
example, temporary fencing or moveable containers) shall be at distance of at least 16 m from the
landward toe of the flood defence to allow for any future construction/raising works of the flood defences
to ensure they are fit for purpose (and thus limit the risk of overtopping).

5.2.

Flood Response Plan and Flood Alerts

Following the outcomes of the Level 3 FRA and prior to construction, an appropriate flood response plan
should be completed for the Tilbury2 and infrastructure corridor sites which should include signing up to EA
flood alerts

5.3.

Fluvial Flood Risk Mitigation

As discussed in Section 4.5, the infrastructure corridor will pass over three main rivers which could cause a
constriction of flow and increase flood risk. As part of the development it is proposed that a number of the
ditches and the Pincocks Trough Sewer are realigned locally and culverts added under the proposed road
and railway. However, it is not proposed to increase in the number of culverts and at a minimum will
replicate the existing culvert size (whilst also still providing for ecological movement in accordance with WFD
requirements) . Given this, there should be no increase in flood risk as a result of the proposed works,
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however there should be on-going consultation with the EA during the detailed design stage (pursuant to
their protective provisions in the DCO).
It must be ensured that the outflows from the Tilbury Flood Storage Area are not interrupted and that any
potential interruption to these flows must be subject to review by a Reservoir Construction Engineer and
agreed with the EA, pursuant to the protective provisions in the DCO.

5.4.

Groundwater Mitigation

The site is at Moderate risk of groundwater flooding during the construction phase. At the current stage, it is
uncertain whether there will be any excavation which is likely to cross the full thickness of the Alluvium which
is more than 13m thick. Therefore, since deep excavations cannot be discounted at this stage, appropriate
techniques for controlling groundwater ingress, such as sump pumping or shallow bored wells will be
included in the Construction Environmental Management Plan to limit the risk of groundwater flooding. If the
Alluvium is fully penetrated during excavation, then mitigation measures such as placing a low permeability
layer at the base of excavations may be required to prevent creating a pathway between the gravels and
increasing the potential for groundwater flooding to occur. This will be investigated in detailed design through
GI surveys controlled through the DCO. However, it is proposed that any groundwater abstraction required
will be addressed via the Environment Agency’s protective provisions in the DCO, as the DCO itself will
disapply the need to obtain an abstraction licence.

5.5.

Surface Water Drainage

A drainage strategy has been developed for the site 22 which includes the adoption of SuDS techniques to
mitigate the impact on the current run-off regime. The drainage strategy suggests the use of ponds,
attenuation tanks, bio-retention systems, filter drains, swales & ditches, previous pavements, trees and
green roofs. The proposed drainage strategy should therefore be implemented which should allow to reduce
the potential risk associated with surface water flooding.
As discussed in Section 5.3, some watercourses might be modified as part of the infrastructure corridor
works and it should be ensured that this does not negatively impact the conveyance of run-off flow into these
streams. The proposed infrastructure corridor design is therefore considered in the Level 3 FRA.

5.6.

Sewer System

As discussed in Section 4.8.4, the risk of flooding from drainage and sewer systems is considered Low.
Nevertheless, discussions have been undertaken and will continue with Anglian Water in relation to
managing the interaction with these systems. It is understood that Anglian Water have confirmed that their
Waste Water Treatment Works have sufficient capacity to deal with the discharges predicted for Tilbury2.
Interaction with Anglian Water’s operational assets will be managed through protective provisions for their
benefit in the DCO.

5.7.

Climate Change

It is considered that climate change will have a Significant effect on the future flood risk at the Site. As such,
the recommendations of the Level 3 FRA should be implemented as is required by the DCO.

22

Atkins, 2017 – Tilbury 2 Development. Outline Drainage Strategy.
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6.

Conclusions

This Level 2 FRA demonstrates that the site is at an acceptable level of flood risk given the water compatible
nature of the development, subject to the implementation of flood mitigation measures and recommendations
in Section 5 and the Level 3 FRA. The assessment has focused on the existing flood risk along with the
potential for an increase in flood risk as a result of the development.
In compliance with the requirements of NPPF1, and subject to the mitigation measures proposed, the
development can proceed without being subject to significant flood risk.
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Appendix A. Hydrological Features
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Appendix B. EA Flood Map
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Flood Zone 3 shows the area that could be
affected by flooding:
- from the sea with a 1 in 200 or greater
chance of happening each year
- or from a river with a 1 in 100 or greater
chance of happening each year.
Flood Zone 2 shows the extent of an extreme
flood from rivers or the sea with up to a 1 in
1000 chance of occurring each year.

Produced by:
Flood Risk Management Team
Partnership & Strategic Overview
Essex, Norfolk & Suffolk

Port of Tilbury Terminal 2 Development
Level 2 Flood Risk Assessment

Appendix C. Thurrock Level 2 SFRA
Model Output Maps

Atkins Port of Tilbury Terminal 2 Development. Level 2 Flood Risk Assessment | Version 2.0 |
September 2017 | 5153817

Port of Tilbury Terminal 2 Development
Level 2 Flood Risk Assessment

Appendix D. Consultation Responses

Atkins Port of Tilbury Terminal 2 Development. Level 2 Flood Risk Assessment | Version 2.0 |
September 2017 | 5153817

Port of Tilbury Terminal 2 Development
Level 2 Flood Risk Assessment

Appendix E. IFS Modelling Maps
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