


Our Commitment

London Gateway is set to become one of the
world’s most advanced container ports and
Europe’s largest logistics park.

In common with any major infrastructure
development, London Gateway will result in some
impact on the environment. DP World, as the
developer of London Gateway, is 100% committed
to managing these impacts.

Using the world’s leading specialists we have
developed an advanced environmental programme
for monitoring impacts on both the terrestrial and
marine environments.

The object of this booklet is to outline the work that
has been done to identify and protect the marine
environment in the Thames Estuary. It also
summarises the steps that are being taken to
compensate for losses of habitat under the area of
the reclamation site. We believe that the London
Gateway environmental programme sets best
practice environmental management.

)

Marcus Pearson B.Sc.,
Environmental Manager

London
Gateway



Introduction

London Gateway comprises the redevelopment of
the 750 hectare former Shellhaven Oil Refinery, on the
north bank of the River Thames in Thurrock, Essex.
The location of London Gateway is shown in the
accompanying map.

Following closure of the ail refinery in 1999, Shell
invested over £50m in clearance of the site,
representing one of the largest brownfield reclamation
projects in Europe.

A major deep-water container port and an integrated
logistics park is to be developed on this site.
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London Gateway

The London Gateway Port, when fully developed, will
have a capacity of 3.5 million TEU (twenty foot
equivalent container units) per year. The container
port will be capable of handling the largest deep-sea
container vessels.

Public Inquiry

The project went to Public Inquiry between February
and September 2003 under an independent
Inspector who reported in 2004. While agreeing with
the development in outline, the Inspector

DP World port operates 49 ports across the globe

recommended significant conditions to mitigate
impacts of the development.

Of particular relevance to the marine works is the
‘Mitigation, Compensation & Monitoring Agreement
(MCMA) August 2003’ . This sets out the specific
measures that will be undertaken to ensure that
dredging and reclamation works that are required to
build London Gateway are managed before, during
and after the operation of the port. The MCMA also
identifies the participants and their role in an
Ecological Advisory Group, which is a group of
stakeholders who advise and regulate the MCMA.

The following Marine Works will be carried out in
relation to the port:-

e Reclamation of land to form the port
e Construction of a new jetty

e [nstallation of a quay wall for berthing of deep
water ships

e Dredging to deepen the existing deep water
navigation channel

DP World has contracted Laing O’Rourke and
Dredging International for the first phase of the Port
project.

! Mitigation, Compensation and Monitoring Agreement. London Gateway
Port Harbour Empowerment Order 2002.



Logistics & Business Park

London Gateway Logistics Park is acknowledged by
many in the industry as the best distribution (“big
sheds”) site in the UK, and will be Europe’s largest
logistics park, providing some 9.25m sq ft (860k sq m)
of accommodation, primarily for the distribution
sector.

The particular location of the park, and the
combination of the port and park, provides a unique
PortCentric logistics platform. The park already
benefits from a good road network, with dual
carriageway to its front door from the motorway
network, which will be upgraded as the development
progresses. The park also has a single track rail
branch-line to the site which is to be dualled as part
of the rail works, which will comprise rail terminals in
both the port and the park.

For more information on the benefits of the port or
park please visit: www.londongateway.com
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Planned layout of the London Gateway port and logistics park




Quay cranes can now move four containers at once

London Gateway Port & the Marine Environment

Ports are, by their very nature, often located in areas
of environmental sensitivity where archaeological
assets occur, where birds and their principal feeding
sites are located and where coastal fisheries, and the
food webs upon which they depend, may be of
importance.

As part of its commitment to environmental respon-
sibility, DP World has initiated a thorough assessment
of environmental assets that are located in the lower
Thames Estuary. This work has been carried out in
compliance with the Mitigation, Compensation
and Monitoring Agreement (MCMA) following the
conclusion of the Public Inquiry in 2003.

The main objective of the MCMA has been to refine
and update information on the dredging proposal,
and to improve the information on environmental
resources in the lower Thames Estuary before
initiation of any of the proposed dredging and
reclamation works.

Work that has been carried out to date includes
assessments of the following:-

The dredging proposal and predicted
impacts

Potential risk from contaminants

Wildlife, including internationally significant
wading bird populations

Resources of historic and archaeological
significance

Fish and surface-dwelling invertebrates
which are of importance in the marine food
web in the Thames Estuary

The burrowing invertebrates, including
those of the mud flats

Target species of economic significance
Impact on fishing communities

Habitats and communities of potential
conservation significance
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The Ecological Advisory Group - Stakeholder Engagement

DP World attaches considerable importance to an
open dialogue and full stakeholder engagement
during the dredging and reclamation works
associated with the London Gateway Port.

With that in mind, an ‘Ecological Advisory Group’
(EAG) has been formed to provide a forum for
discussion of all aspects of the project between DP
World and a wide range of informed stakeholders,
including representatives of the Statutory Regulators,
the Ports Authority, Non-Governmental Organisations
and others.

Fishing boats at Leigh-on-Sea

Current membership of the EAG is as

follows:

Environment Agency

Natural England

Port of London Authority

Thurrock Council

Department for Transport

Essex Wildlife Trust

Kent & Essex Sea Fisheries Committee
Royal Society for the Protection of Birds
Marine & Fisheries Agency

Thurrock Thames Gateway Development
Corporation

Centre for Environment, Fisheries & Aquaculture
Science

HR Wallingford

Richard Newell Associates

Marine Ecological Surveys

Environment Bank

Atkins

Cambridge Ecology

Scott Wilson

Thomson Ecology

MacAlister Elliott & Partners

London Wildlife Trust

Laing O'Rourke/Dredging International
Cullen, Grummitt & Roe

Pisces Conservation

Carillion Plc

English Heritage
DP World, London Gateway




The Dredging Proposal

Proposed approach channel dredge plan

The Mitigation, Compensation and Monitoring
Agreement (MCMA) sets out the measures that
London Gateway will implement in order to minimise
the risk of impact of dredging to the marine
environment.

The MCMA measures include:-

e The provision of a detailed dredge plan
e Mitigation during construction

* Management of dredging activities

e Monitoring during construction

Sites will also be provided to compensate for loss of
habitat associated with reclamation works.
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The Dredge Plan

As an island nation, the economy of the UK is
dependent on our ability to import goods and raw
materials and to export products worldwide. This
depends to a large extent on the ability of large
container vessels to deliver cargoes close to the
centres of distribution and to areas of high economic
activity such as London and the South East of
England.

In order to develop the London Gateway Port it is
necessary to deepen the approach channels to a
sufficient depth to accommodate these large
container vessels. Dredging the approach channels
and reclamation of the Port site are major works
extending over a number of years. This part of the
publication is intended to explain what the dredging
and reclamation works involve and what is being
done to minimise impacts.

Trailer Suction Hopper Dredging illustration

Trailer Suction Hopper Dredger (TSHD)

The existing northern approach channel to the
Thames Estuary will be deepened where required to
provide a least depth of —14.5m below Chart Datum
(the minimum depth of water at low tide) that is
needed for the modern large container vessels that
will be using the London Gateway Port.

The majority of the dredging will be carried out by one
or more Trailer Suction Hopper Dredgers (TSHD). A
TSHD typically travels at slow speeds of 1-2 knots

whilst dredging. Seabed deposits are drawn into a
‘draghead’ of about 3m in size and up through a large
diameter pipe (0.8m to 1.0m) that connects to the
ship through a pump. The deposits and water are
pumped into the hopper of the dredger. As the
hopper is filled, water and some fine sediment is
returned back into the estuary through valves in the
hull of the vessel. When the hopper is full, the dredger
will sail to London Gateway and discharge material



Cutter Suction Dredging illustration

into the reclamation either by bottom dumping
(opening doors in the hull of the ship) or by pumping
through a pipeline.

Dredging adjacent to the reclamation itself, outside
the existing navigation channel, will be undertaken by
a large Cutter Suction Dredger (CSD). This is a
non-propelled vessel, which manoeuvres on a
combination of anchors and fixed points (spuds). The
CSD will discharge into the reclamation by pipeline.

Pipeline discharge into the reclamation will, in the
early stages, be via a spreader pontoon, which will
enable careful near-bed placement of the dredged
material in layers. As the level of material increases
above where the spreader pontoon can safely
operate, pipeline discharge will become direct.

Once areas within the reclamation footprint have been
completely enclosed, pipeline discharge will be into
these areas with water run-off and some fine
sediment controlled by weirs (to aid monitoring).

The reclamation will be undertaken in two stages.
The first stage is the eastern half of the reclamation.
Whilst this part of the works is undertaken, the

existing Shell Oil jetties will remain operational. Once
the new jetty has become operational, the second
stage of reclamation can commence, constructing
the western half of the reclamation.

This second stage of the reclamation involves
construction of a cross bund at the western end of
the site, and the creation of an area of reduced flow

Cutter Suction Dredger (CSD)




within which the main reclamation activity will take
place. Other bunds will be created with gravels on the
outer face and coarse sand forming the remainder of
the bund. The main fill of the reclamation will be silty
sand that will be retained within the bunded areas.

Clays that arise through the channel deepening will
be bottom-dumped into the second stage
reclamation.

There will be some loss of material from the dredger
during dredging operations. Detailed predictions of
the likely losses of different size fractions of material
during the dredging and reclamation have been
undertaken. This is to assist in the management of
dredging activities to minimise impacts on environ-
mental resources. Management of the losses during
dredging will be assisted by a series of characteri-
sation monitoring programmes that will be
undertaken during the dredge programme to quantify
losses associated with different aspects of the
dredging and reclamation process. This monitoring
will address both physical losses and chemical water
quality.

Stages in the reclamation process

Spreader Pontoon




The Physical Environment

Multiple water sampler platform

ZHR Wallingford

Working with water

HR Wallingford were commissioned by London
Gateway Port to advise on marine and coastal
processes. They are the UK'’s leading experts in
assessing impacts of engineering works on coastal
processes. They were responsible for the modelling of
physical processes in the estuary, which played an
important part in assisting assessment of the
ecological impacts of dredging and reclamation
works on the environment. The results of this work
are summarised in the following sections.
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Water sampling

Ttane
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The waters of the lower Thames Estuary are charac-
teristically turbid, with strong tidal currents. There is
also considerable variability in the oxygen content,
suspended solids and salinity (the salt content of the
water) depending on the tides and rainfall upstream.

In general, suspended sediment concentrations
decrease and dissolved oxygen levels increase in a
seawards direction.

Management of the potential impacts of dredging and
reclamation works at the London Gateway Port site
and along the approach channel needs to be carried
out with a thorough understanding of the variability of
the background conditions. With this in mind, DP
World commissioned a detailed series of studies of
the physico-chemical environment (the physical and
chemical characteristics of the sea water) in the lower
Thames Estuary. These studies have been carried out
since 2007 by Titan Environmental Surveys Ltd. The
work has required deployment of six multiple
instrument arrays that record the temperature,
oxygen, salinity and suspended solids concentrations
at a series of sites adjacent to London Gateway and
along the Yantlet Channel.

Grab for sediment sampling

Deployment of water sampling platform



Sediment Dispersion & Bathymetry

ZHR Wallingford

Working with water

The potential effects of the dredging and reclamation
works on sediment dispersion and settlement in the
lower Thames Estuary is of central importance in
assessing the environmental impacts of the London
Gateway Port. This includes coastal processes such
as accretion (accumulation of sediment) and erosion,
wave heights and the morphology (shape and size)
of the sandbanks.

DP World has commissioned HR Wallingford to carry
out a series of studies on the dispersion and
settlement of suspended solids that may be mobilised
by the dredging process. Three dimensional flow
modelling and mud transport modelling has been
used to examine the effects of the project in the lower
Thames Estuary. Two dimensional flow modelling has
been used on an estuary-wide scale. An example
model output is shown opposite.

Combined aerial photography and LIDAR (Light
Detection and Ranging) surveys have also been
carried out by the Unit for Landscape Modelling at
the University of Cambridge, to establish the
morphology of the intertidal areas in the estuary and
to provide ‘baseline’ information to enable
comparison during and after the dredging and
reclamation works. LiDAR surveys are similar to radar
but use laser light to map surface contours. The

LIiDAR unit is fitted to the floor of an aircraft and fires
a laser beam downward 100,000 times per second,
scanning a swath of land up to 600m wide.

These surveys have been carried out at low water on
spring tides at the same time as bathymetric surveys
are undertaken by the Port of London Authority. In
combination, the LIDAR and multibeam bathymetric
surveys provide valuable information on patterns of
erosion and accretion in the lower Thames Estuary.

This work suggests that dredging and reclamation
works for the London Gateway Port and Logistics
Park will not have a significant effect on coastal
erosion or accretion.

Two dimensional flow model of sediment dispersion

LiDAR survey
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Monitoring of the Dredge

GEMS

Management of the dredging process will be carefully
controlled through monitoring to avoid large increases
in suspended silt concentrations occurring outside
the immediate vicinity of the area to be dredged. The
levels of dissolved oxygen that occur around the site
can also have an impact on living resources. Reduced
oxygen levels in the water upstream can be carried
down with the tide and add to any potential impact
from the dredging. Variation in oxygen levels in the
water unrelated to dredging will also be taken into
account in managing the dredging operations.

This is scheduled to be one of the most compre-
hensive monitoring programmes of a dredging
operation to date in the UK.

A series of multi-instrument buoys have been
deployed surrounding the area to be dredged (known
as “red-line monitors”) and at selected ‘sensitive
receiver’ sites such as commercial cockle beds and
on the intertidal areas at Mucking Flats and Chapman
Sands. The red-line monitors will transmit data in real-
time to a base station where the information will be
collated and will be used to manage the dredging
activities on a 24 hour basis. The information will
include data on salinity, temperature, current speed,
suspended solids concentration and oxygen content.

Buoy for a multiple-instrument array

The instruments were deployed by the Laing
O’Rourke and Dredging International Joint Venture in
November 2008 which contracted Geotechnical
Engineering & Marine Surveys (GEMS), an
independent and international company that provides
meteorological and oceanographic surveys, to
monitor the dredge operation.

Data from these stations are delivered to a project
website and monitored 24 hours a day. In the event
that dredging operational thresholds are approached,
or if a station is not transmitting, each instrument
within the buoy will have its own modem and data
processing unit to transmit a ‘caution’ or ‘stop’ text
message and web site alert that are sent to Dredging
International and to London Gateway Port. Should
there be an error signal, a message is sent to a GEMS
expert to rectify this.

o gy i e

Sequence of monitoring & transmission of data




The sequence of monitoring and transmission of
information to the shore-base is shown on the
previous page.

Information from these instruments is supplemented
by data that have been obtained from equipment
deployed as part of the ‘baseline’ studies of the
physico-chemical environment by GEMS since
January 2008, and that of Titan Environmental
Surveys Ltd. The information collected during the pre-
dredge period and the dredging period itself will be
made available through the London Gateway Port
website. The data will be used by regulators and
scientists to verify the hydraulic models that have
been used to predict the environmental impacts of
dredging and reclamation works associated with the
London Gateway Port. They can also be used to
manage dredging operations to avoid negative
impacts on the environment.

Assembly of sampling equipment
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Managing Contaminants Already in the Thames Estuary

Y

ATKINS

The principal concern with respect to chemical
contaminants is that dredging, and the transport of
sediments that might occur as part of the port
development, could conceivably lead to the release
of contaminants already present in estuarine mud and
silt in the vicinity of the port.

The risk of seawater contamination increases in
proportion to the levels of contamination present and
the degree of sediment disturbance that might occur.
DP World has taken steps to assess the concen-
trations of contaminants and has set clear guidelines,
concerning the maximum level of disturbance that
can be tolerated during dredging. This latter criterion
will be subject to close surveillance during monitoring
of the different dredging and reclamation operations
by the Joint Venture.

A wide range of chemicals can be detected at some
level in the environment. Their presence is not
necessarily indicative of a threat. The environmental
risks posed by chemical contaminants are usually
assessed in relation to their potential to cause harm
to aquatic life or human health. This means that
environmental concentrations of substances such as
trace metals or organic compounds have to be
compared with threshold levels that have been
defined by regulatory bodies as indicative of various
levels of possible risk.
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Analysis of laboratory samples




In early 2003, the port developers initiated a lengthy
investigative monitoring programme by Water
Research Council (WRc) Plc that examined sediment
and water quality in the Thames Estuary. This had the
aim of identifying the existing concentrations of
contaminants and evaluating any potential risks that
might arise in the course of the planned port
development. The results of this programme were
compared with currently definitive threshold
contaminant values that have been set for sediments
to international standards, in the UK and Canada.
These are based on advice from the Centre for
Environment, Fisheries and Aquaculture Science
(Cefas) and Environment Canada. Standards have
also been set for dissolved contaminants by the UK
Environment Agency. The results, which were
presented as part of the initial approval process for
the port development, showed that levels of chemical
contamination did not pose an environmental risk.

With respect to current concentrations of contam-
inants, DP World has set up a sediment monitoring
programme at a series of stations covering the outer
Thames Estuary. Water quality is monitored at three
key locations that bracket the port area. Samples
have been taken regularly since August 2008 and will
be taken forward by the Joint Venture and GEMS.

Each sediment sampling exercise involves the
determination of over 1,200 concentration values.
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Sediment sample

Chemical analyses have been performed by
accredited laboratories including the Environment
Agency’s National Laboratory Service. The frequency
of sampling, and the suite of contaminants to be
detected are the subject of review and agreement
with the Ecological Advisory Group.

Results obtained show that concentrations of metals
are typical of an estuary such as the Thames. Existing
metal concentrations are not sufficient to breach
thresholds that might raise concerns about ecological
damage.

The surveys have identified some sites where metal
concentrations are more elevated than elsewhere.
Data that have been collected will also provide an
indication of the level of variability of metal levels from
one sampling occasion to another and from one site
to another. Concentrations of the great majority of
organic components, including contaminants such as
residues from the plastics industry (PCBs-polychlo-
rinated biphenyls) and residues from anti-fouling
paints used on ships (TBT-tributyltin) have been found
to be low. The presence of some substances such
as PAHSs (polycyclic aromatic hydrocarbons) arising
from historic industrial use of carbon rich fuels has
been identified, but at levels that are generally below
guideline levels relating to ecological quality.

The intention is to maintain this close scrutiny of
environmental quality during the course of the
dredging and reclamation works. This provides a
safeguard against any possible unforeseen problems
that might arise and makes it possible to take early
and appropriate remedial action. Similar monitoring
is planned for run-off from the reclamation when
bunded areas are being filled and controlled through
weirs, which control the volume of water and
sediments running off from the reclamation.
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Bird Resources in the Vicinity of London Gateway Port
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cambridge ecology

The Mitigation, Compensation and Monitoring (MCM)
Agreement specified a detailed programme of
monitoring to update and establish robust baseline
data for the bird assemblages present at the site —
comprising the grazing marshes and intertidal estuary
habitats. A commitment was also made to monitor
and manage the ecological features present, where
the Port and Logistics Park will be constructed, to

Reed Bunting (Emberiza schoeniclus)

Skylark (Alauda arvensis)

provide the necessary information to direct the
creation and management of mitigation and compen-
sation habitats at various locations in the vicinity.

The results of the 2008 breeding bird survey carried
out by Cambridge Ecology showed the study area
contained a diverse breeding bird assemblage that is
typical of the range of grassland, wetland marshes
and farmland habitats. The abundances of some key
species were relatively high e.g. Cetti’s Warbler, Reed
Bunting, Corn Bunting and Skylark.

Habitats will be created for breeding birds within the
park and at various locations around the perimeter of
the site. These habitats will include reed beds,
wetland ponds and ditches, hedgerows, grassland
and scrub. This will be achieved through the
implementation of the Breeding Bird Action Plan. [t
will include measures that are known to successfully
enhance bird populations and the general biodiversity
value of an area.

Construction and reclamation works for the port will
result in some loss of intertidal habitat under the
‘footprint’ of the wharfside structures. Unavoidable
losses of habitat of potential significance to the

Ringed Plover (Charadrius hiaticula)



Black-tailed Godwit (Limosa limosa)

marine food web will be compensated for by a
programme of ‘habitat creation’. This will involve
realignment of the existing sea defences allowing
rough grassland to develop into mudflats following
inundation by the sea.

The works also have the potential to affect adjacent
intertidal mudflat areas through deposition of silt and
alteration of the food resources available for wading

birds to feed on. It is therefore important to have an
understanding of the significance of these adjacent
areas as feeding areas for wildfowl, and to monitor
the bird populations during the course of the
construction works.

The intertidal mudflats to the west of the port
comprise  Mucking Flats and marshes (see
accompanying map). These areas support important
numbers of migratory and wintering water birds and
in particular, species such as Ringed Plover, Black-
tailed Godwit and Avocet. These species are well
adapted to exploiting the available food that occurs
on the intertidal mudflats. Ringed Plover have a short
stumpy beak that they use to pick food items from
the surface of the mud as they run along looking for
prey such as flies, marine worms, crustaceans and
molluscs.

Avocets have a long up-turned delicate beak that
they use by elegantly moving their head from side to
side allowing the beak to scythe through the top layer
of liquid mud on the mudflats or shallow water
searching for prey. The sensitive beak detects the
touch of food items such as aquatic insects, larvae
and crustaceans and then picks them up to eat.

Black-tailed Godwits, in contrast, have a long
powerful beak that they use to probe deeply into the
mud searching for invertebrate prey such as worms
and shellfish.

The intertidal estuary and grazing marsh bird surveys
that have taken place since September 2007 show
the North Mucking Flats area remains an important
feeding area for waterfowl especially during the winter
months. The sight of hundreds of feeding Avocet and
Black-tailed Godwit is an impressive spectacle that
we look forward to seeing for many years to come.

Avocet (Recurvirostra avosetta)
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Habitat Creation

Surveys of the grazing marshes behind the sea wall, Key stages in the development of Site A as an additional feeding area for wading birds are as follows:-

known as Site A (see diagram), show these areas o : - ’
( o gram) , e Topsoil will be removed from the site e A length of the existing sea defence bund will

currently have some limited value to birds and that i i )

, , , , , , be removed and the site will become tidal —

with some management and habitat creation these e The field will be reduced in level by about o e e [

marshes could also become important feeding, 0.5m to allow flooding by the tide ) 9

breeding and roosting areas for birds and waterfow! o A e Teed derenee hund wil e conslciad e Creation of new intertidal mudflats

in particular. along the northern boundary of the site using  Monitoring to follow the recolonisation by

The reclamation of the port area involves some loss of material from the excavation works invertebrate food resources for birds

intertidal habitat. The grazing land behind the sea wall
originally formed part of an extensive series of tidal
salt marshes that were subsequently reclaimed for
arable land. Part of the Mitigation, Compensation and
Monitoring (MCM) Agreement involves the managed
realignment of sea defences to allow grazing land
behind the existing sea defences to revert to intertidal
mudflats. The new sea defences that are associated
with the project will provide improved protection
against rises in sea level that are anticipated in the
future and will provide alternative feeding and roosting
areas for the waterfowl.

These compensation habitats are located on arable
land behind the sea wall at North Mucking Flats —
known as Site A, and on grazing land south of the
Thames directly opposite the port — known as Site X.
A map showing the location of Site A to the west of
the London Gateway Port and to the north of
Mucking Flats is shown in the accompanying diagram.

London Gateway Port & adjacent habitats




Marshland adjacent to port

The managed realignment of the sea defences in
these areas will provide a further intertidal feeding
habitat and high tide roost sites for waterfowl to use
over and above that available on the adjacent
Mucking Flats. The aim will be to ensure that sufficient
habitat is available for waterfowl to support
populations and species of birds comparable to those
that are currently supported in the area prior to the
development of the London Gateway Port.

Similar habitat creation methods have been
successfully used elsewhere. Local examples along
the Essex coast include Abbots Hall, Wallasea Island,
Tollesbury and Orplands and are known to provide
suitable feeding and roosting habitat for water birds.

Lower Thames Estuary
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Marine Archaeology

Diver surveys for archaeology

Wessex
Archaeology

DP World has been committed to protecting the value
of the marine historic environment since the inception
of the project. Extensive marine archaeological
investigations of the Thames Estuary have been
carried out by Wessex Archaeology as part of the
scheme, particularly in the areas where dredging will
take place.

Ships timber

Late 19th century stoneware jar

The first phase of work was to conduct a ‘desk based
assessment’ where all the historic sources were
examined. This resulted in a comprehensive list of all
the historic sites within the estuary, including
shipwrecks, aircraft crash sites and wartime defensive
structures.



The second stage was to conduct extensive marine
geophysical surveys, using the latest technology, to
clarify whether sites that were reported in the records
existed on the river bed, and to identify any new sites
that were not known.

This was followed by diver investigations of a number
of wrecks to assess their condition. Two of these
wrecks, a Thames Barge and a local fishing vessel
known as a ‘Bawley Boat’, were considered to be of
such significance that they were partially excavated,
and parts of structure and some artefacts were
recovered for further archaeological work. This work
was presented in a recent BBC2 documentary shown
both in 2008 and 2009 entitled “Thames Shipwrecks
— A Race Against Time”.

Diver surveys for archaeology

19th century ‘willow-pattern’ plate

Other sites like the Second World War submarine
boom that extended across the river to stop German
U-boats reaching London, were subject to further
documentary research, the aim of which was to
consolidate all the information known about the sites
into a single record. The record will act as a ‘sign
post’ for the public and researchers in future, ensuring
that the sites are preserved in the form of a
documentary archive.

Ships sheave block

During the construction of the port, any archaeo-
logical material that is discovered will be reported and
work undertaken to ensure that the value of it is
preserved for the general public and future
generations.
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Fish & Invertebrates

o

The fish and surface-dwelling invertebrates (such as
crabs and prawns) comprise an important natural
resource in terms of their role in the marine food web
leading to birds and larger fish of economic signif-
icance. The lower Thames Estuary also comprises an
important breeding and nursery ground for near-shore
fish and their food prey.
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Sorting trawl sample

The original baseline survey for the Environmental
Statement for the London Gateway Port was carried
out by Marine Ecological Surveys Ltd. in September
2002.

The terms of the Mitigation, Compensation and
Monitoring (MCM) Agreement specified that a similar
series of commercial fish trawl surveys would be
undertaken at intervals of two months and were to be
repeated on alternate years. These surveys have
been completed in 2003, 2005, 2007 and 2009. In
each of these years, surveys have been carried out on
alternate months to provide information on the
seasonal occurrence of a wide range of species at 40
sampling sites from Gravesend Reach to the outer
estuary.

Information has also been obtained for the size-
frequency (abundance of different sized fish) distri-
bution of major fish species in the estuary, allowing
an assessment of the significance of the estuary as a
nursery ground for fish at different times of the year.
This information has been used to provide a compre-
hensive overview of the inter-annual and seasonal
changes in the fish and surface-dwelling invertebrates
in the lower Thames Estuary, along with the complete
data for each site in compliance with the terms of the
Mitigation, Compensation and Monitoring (MCM)
Agreement.

The data emphasise the importance of the lower
estuary for Sole, and the significance of some sites
for juvenile fish at certain times of the year. They also
show the strong seasonal and inter-annual variability
of the trawl catch and of the prey species upon which
many commercial fish species depend.

Measuring fish (Skate)

Measuring fish (Sole)



Burrowing Invertebrates
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Burrowing invertebrates such as worms, bivalves
(shellfish such as mussels and cockles) and small
crustaceans form an important link in the marine food
web leading to both birds and fish. They are partic-
ularly important to juvenile fish that escape from
predation (being eaten by other fish) by migrating into
the shallow waters of the mudflats to feed. The
intertidal mudflats also support dense populations of
some invertebrate species (such as worms and
shellfish) that form a principal food resource for
wading birds. The large numbers of wading birds that
exploit the intertidal mudflats in the lower Thames
Estuary are a familiar sight in the vicinity of the London
Gateway Port and surrounding area.

Surveys have been carried out by Marine Ecological
Surveys Ltd. annually at 35 sites sampled in triplicate
since 2003 in compliance with the Mitigation,
Compensation and Monitoring (MCM) Agreement.

The complete invertebrate fauna has been analysed
to species level and quantified, along with the particle
size composition (the proportion of sands, muds &
stones) of the deposits from which they were
extracted. The burrowing invertebrate fauna (such as
worms and shellfish) tends to have a much more
stable species composition and
abundance than surface-dwelling organisms (such as

numerical

Sieving seabed sample

fish, shrimps and prawns) that show a strong
seasonality and may be affected by environmental
factors some distance from the site of capture. Hence
the information on burrowing invertebrates is likely to
be of value in monitoring the effects of dredging and
reclamation works because the burrowing organisms
are unable to move away from a source of
disturbance.

Additional surveys initiated in 2008 include sites
located on Mucking Flats to determine the nature and
abundance of potential food prey items for the
important wading bird populations that exploit the
site. The object of these surveys is to determine
whether the existing grazing pressure from birds
depletes the food resources significantly, and the

extent to which any changes associated with the
London Gateway Port might affect the ‘carrying
capacity’ of the mudflats for wading birds.

Similar surveys will also be initiated in ‘compensation
sites’ A and X to track the recolonisation by marine
invertebrates once the sea defences are breached,
and the extent to which food resources in these sites
match the potential loss of intertidal habitat under the
footprint of the reclaimed site. Work at other
managed realignment sites suggests that significant
increases in invertebrate food prey species can occur
within three years of inundation by the sea. Anecdotal
evidence thus supports the view that managed
realignment represents an effective tool in compen-
sating for loss of intertidal habitat for wading bird
species.

Laboratory analysis of fauna
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Species of Economic Significance

e —

The fish and invertebrates of the lower Thames
Estuary include resources of considerable economic
significance. A variety of target species of fish are
exploited by local vessels operating both from the
coast of Essex and from the north Kent coast.

By far the most important finfish species is Dover Sole
(Solea solea) which is widespread and abundant in
the inner estuary. It spawns in the inner reaches of

the Thames and Medway estuaries from spring to
early summer, where the adults feed on a wide variety
of invertebrate food species including Brown Shrimp
(Crangon crangon) in the summer before migrating
offshore in the winter. Juveniles are abundant in the
summer months in the inner estuary where they
mainly exploit small invertebrates on the intertidal
mudflats.

Dover sole (Solea solea) — Courtesy Pisces Conservation Ltd.

Working with the fishing industry

The significance of catches of commercial fish to local
vessels has been recognised by DP World. It has also
been recognised that dredging works may displace
fishing vessels from the immediate vicinity of the port
itself, as well as from the deep-water approach
channel. With that in mind, DP World has introduced
two fishing industry disturbance payments schemes
to compensate any fishermen experiencing financial
loss as a result of the port construction and/or post-
construction recovery period.

Advanced Payment Scheme

The first of the payment schemes applies to vessels
that operate mainly in the vicinity of the port and who
may need to change their methods or cease fishing
altogether.

Based on experience of previous schemes where
delays in payments to affected fishermen caused
hardship, DP World has developed an innovative and
unprecedented advance disturbance payment
process, where the fishing boat owners would receive
one payment in full and final settlement of their claim,
based on a percentage of their projected gross
income. This aspect of the disturbance payment
scheme is believed to be the first of its kind in Europe.



Near shore fishing vessels

Pay As You Go Scheme

The PAYG Scheme relates to fishermen and
associated businesses in the Thames that may be
adversely affected by the construction and/or
dredging activities but whose fishing effort is more
flexible allowing them to continue fishing activities in
other areas during the construction and recovery

phases of the project. Fishing performance during this
period will be assessed against historical fishing data
to determine appropriate payments that ensure no
loss of income is suffered by those affected.
Fishermen and others will submit claims from time to
time and disturbance payments will be settled
promptly by London Gateway.

London Gateway has employed fishing liaison officers
to engage with the local fishing community and is
sending regular newsletters. We are happy to discuss
the potential implications of the construction of the
port and details of the disturbance scheme with any
interested parties. Should you wish to contact us
about this disturbance scheme, please call our
fisheries consultants MacAlister Elliott and Partners
on 01590 679016. Alternatively you can email on
mep@macalister-elliott.com.

Other Resources of Potential
Economic Significance

These include ‘White Weed’ (Sertularia cupressina)
which is harvested by some local vessels during the
winter months, and whelks (Buccinum undatum).
Small ‘seed’ mussels are sold on for laying on
commercial beds elsewhere.

By far the most important shellfish resources are
represented by the cockle (Cerastoderma edule).
Cockle beds are commercially exploited along much
of the Essex shoreline from Southend Flats through to
Foulness Sands to the east. Potentially significant
commercial beds may occur elsewhere according to
variations in juvenile ‘spatfall’ which varies from year
to year.
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White weed (Sertularia cupressina)

Cockles are harvested by suction dredgers which
draw seabed deposits containing the cockles up onto
the fishing boat where they are passed through sieves
to separate larger commercial sized shellfish from
smaller ones that are returned to the seabed along
with excess sand.

Exploitation of the commercial sized cockles is
carefully controlled through the Kent & Essex Sea
Fisheries Committee which monitors the stocks and
assesses the annual quota that can be harvested
without excessive depletion of the stocks. The landed
value of cockles is in the region of £5m and £10m per

Cockles (Cerastoderma edule)



year, to which there is a considerable ‘value-add’
through the export of processed cockles to mainland
Europe.

The likely impacts of dredging and reclamation
works on intertidal resources, including cockles, has
been assessed in some detail in the Environmental
Statement and in the subsequent Public Inquiry for
London Gateway Port.

Based on detailed sediment plume dispersion
models and an assessment of the tolerances of
marine invertebrates to the deposition events that
occur naturally in the lower Thames Estuary, the
‘risk’ to cockle resources on the commercially-
exploited beds was assessed as low.

DP World is committed to the conservation of
environmental resources. An ongoing programme of
monitoring of the settlement, growth and mortality
patterns of cockles on the commercial beds has been
initiated at the same sites as those sampled for stock
assessment purposes by the Kent & Essex Sea
Fisheries Committee. This programme is intended to
supplement the stock assessment data and to
provide additional information on the spawning
success and recruitment of young cockles, as well as
information on the deposition of sediment in the
vicinity of the cockle beds throughout the dredging
and reclamation works.

| CARDIUM Il

VERSHAD

Suction dredger on cockle fishing boat
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Habitats & Communities of Conservation Significance

The UK Government has a statutory duty under
European law to identify and protect certain seabed
habitats, species and communities that are listed as
having conservation significance. This EU directive is
commonly known as the ‘Habitats Directive’ and has
been UK law since 1994, transposed into UK
legislation via Conservation (Natural Habitats)
Regulations 1994. The habitats are listed in Annex | of
the Habitats Directive and species of conservation
significance in Annex Il of the Directive.

Until such time as marine ‘Special Areas of Conser-
vation’ (SACs) have been designated under the
Habitats Directive, any site that supports a potential
Annex | habitat will be treated as a ‘Candidate SAC’
by the competent authority — in this case Natural
England.

There are two main habitats and communities of
conservation significance in the Thames Estuary that
are likely to be designated as marine SACs under
future legislation under the Habitats Directive. These are:-

1. Sandbanks that are ‘slightly covered by
seawater at all stages of the tide’. As far as
UK legislation is concerned, the term ‘slightly
covered’ has been taken to include
sandbanks covered by up to 20m of water.

Outer Thames sandbanks

2. ‘Biogenic reefs’ formed by aggregations of

marine organisms. These ‘biogenic reefs’ can
be formed by a variety of species including
mussels (Mytilus and Modiolus), Ross worm
(Sabellaria spp) and calcareous tubes of
serpulid  worms  (Serpula spp and
Pomatoceros spp).

Sandbanks

The lower Thames Estuary contains numerous linear
sandbanks, the axis of each of which is aligned with
the tidal currents in the estuary. They are typical
estuarine sandbanks of fine sand with varying
proportions of silt and are the most extensive of their




type on the east coast of the UK. Those in the outer
estuary are used as ‘haul-out’” areas for seals during
the low-tide period. These sandbanks are of
conservation significance under the definitions
provided by the EU Habitats Directive. They are
presently being proposed for designation by Natural
England as the Margate and Long Sands Special
Area of Conservation (SAC).

Dredging will take place close to some of the
sandbank features. The deep water approach
channel is however one that is already in existence
and there are no proposals to remove or intrude on
sandbank features that may be of conservation
significance.

The deepening of the approach channel is unlikely to
pose a risk to the sandbanks of the lower Thames
Estuary, even though these may soon be designated
as marine SACs.

Biogenic Reefs

There are only two types of ‘biogenic reef’ species
that are of significance in the lower Thames Estuary.
These are the Ross worm (Sabellaria spinulosa) and
the edible mussel (Mytilus edulis). Other species such
as serpulid worms are of sporadic and widespread
occurrence, but do not form the dense aggregations
typical of biogenic reef communities.
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Seals on ‘haul-out” sandbank
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Ross Worm (Sabellaria spinulosa)

Ross Worm (Sabellaria spinulosa) is a widespread
and abundant species in coastal waters of the
southern North Sea. It commonly occurs in small
groups of tubes on solid substrata (such as rocks and
stones), but can form dense crust-like communities
on the seabed. It can also form larger reef-like
structures. These communities are regarded as of
conservation significance because they support a
larger species variety and/or biomass of associated
species, which, in turn, may form an attractive habitat
for fish. For this reason, Sabellaria cormmunities are
generally well-known to fishermen and are targeted
as preferred fishing grounds.

The information from all of the surveys is that
Sabellaria spinulosa is widely distributed and has
been recorded at many of the sites in the lower
Thames Estuary between 2001 and 2008. Reef-like
communities do occur on solid rocky areas off
Ramsgate and are likely to occur sporadically
elsewhere as isolated patches. These are often
located on the steep slopes of sandbanks and we
cannot exclude the possibility that small reefs may
occur near to the approach channel to the Thames
Estuary. All of the recent survey data supports the
conclusion presented in the Environmental
Statement, that dredging the approach channel is
unlikely to have an impact on Sabellaria resources of
conservation significance.

Seabed image of Sabellaria community

Sabellaria under microscope

. "




Mussel (Mytilus edulis) Beds

The edible mussel occurs in abundance in many
estuaries and coastal deposits around the UK. It can
live both intertidally and subtidally and is exploited as
a shellfish resource in some areas.

Commonly, small ‘seed’ mussels are laid in sheltered
areas and are harvested after approximately 18
months for sale, mainly in continental Europe. The
Thames contains several important seed mussel
harvesting areas. Some seed mussels are grown-on
in the River Crouch, but most are laid in sheltered
areas such as the Wash or are exported for re-laying
in continental Europe.

Mussel beds occur both intertidally and subtidally on
the north Kent coast from Sheppey to Ramsgate and
there are established mussel beds in the intertidal
area off Southend and Westcliff in Essex.

Among the most important intertidal populations on
the Kent coast are the seed mussel beds found off
Shell Ness on Sheppey. These are located within the
Swale SPA/Ramsar site and are of significance as a
potential food resource for wildfowl.

There are at least two known subtidal mussel beds
on the north Kent coast. One is found north-east of
Sheerness and the other is located further along the
coast north-east of Herne Bay.

The possibility of impacts on mussels located directly
within the path of a dredged channel cannot be

excluded, but no mussel bed communities have been
recorded within the proposed dredge zone for the
London Gateway Port.

Mussels have been recorded infrequently elsewhere
in surveys of the lower Thames Estuary and appear to
occur as mussel bed features mainly on the Kent
coast and in the approaches to the Swale. This
shellfish is tolerant of moderate siltation.The principal

mussel beds have not been affected as far as is
known by dredging works carried out in the more
southerly Princes Channel and are unlikely to be
affected by sediment movement within the range
predicted from dredging works associated with
deepening of the northerly approach channel to the
London Gateway Port.

Mussel (Mytilus edulis) bed community
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Environmental Data Management

Global Positioning Systems (GPS)

These surveys carried out for the London Gateway
Port have resulted in a wealth of new information on
environmental resources in the lower Thames Estuary,
both along the adjacent shoreline and in the estuary
itself.

Recent advances in Global Positioning Systems
(GPS) now make it possible to record all data
obtained in the surveys onto maps. GPS uses
information from a series of satellites to derive
accurate positions at which data has been obtained.

Hand-held GPS receiver Land surveyor working with GPS



Artist impression of GPS satellites

Geographic Information
Systems (GIS)

GIS is a computer system for capturing, storing,
checking, integrating, manipulating, analysing and
displaying data related to positions on the Earth's
surface. This definition looks intimidating but GIS is
what lets us see the schools in our neighbourhood or
tells us where the nearest bookshop is (similar to
Google Earth).

GIS systems have emerged in the last decade as an
essential tool for urban and resource planning and
environmental management. GIS of this type allow a
wide range of data to be stored in ‘layers’ that are

superimposed onto a map of the area. Changes in a
wide variety of variables such as physical habitats and
associated biological resources can then be
accurately recorded over time.

As part of its commitment to environmental
excellence, DP World has developed an advanced
GIS data storage and management system. At
London Gateway, this is primarily used for wildlife
protection and monitoring, as well as for modelling
how the natural environment will respond to man-
made factors in the development area.

The data held within the GIS will become a knowledge
source for documentation used to obtain permission
for re-development and continued environmental
monitoring of the site.

GIS representation of London Gateway Port
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GIS representation of London Gateway Port

LIDAR image of development site
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Local Schools

Schools workshop

London Gateway values its relationship with local
schools.

Students from Corringham Primary School have
already benefited from visiting the site. Pupils were
invited to London Gateway to learn about the local
ecology and come face-to-face a variety of animals
collected by ecologists as part of London Gateway'’s
world-class environmental mitigation programme. The
fauna included amphibians such as Great Crested
newts and reptiles such as grass snakes and adders.

Should any school representative wish to
discuss educational opportunities at
London Gateway, please email
enquiries@dpworid.com



DP World website

Conclusion

We hope that this document has been helpful in
informing you of the steps that DP World has taken to
identify and protect environmental resources in the
lower Thames Estuary. The work that we have
summarised is ongoing and is communicated at
regular intervals through the Ecological Advisory
Group (EAG) which represents a wide range of
stakeholder interests.

It is our intention to make all relevant information
available to the EAG during the course of the
dredging and reclamation works and to encourage
an open dialogue with both the regulators and the
public.

Would you like to know more about
the London Gateway project?

Visit:
www.londongateway.com
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Glossary of Terms

Accretion — the accumulation of sediment

Anti-fouling paint — compounds used to prevent
settlement of marine growth on ships hulls

Assemblages — groups/communities of animals
and plants

Baseline — conditions/values that serve as a
comparison/control

Bathymetry — depth of water and seabed
topography

Bawley boat — traditional Thames sailing vessels
built at Gravesend

Berth pocket - a localised deeper dredged area to
facilitate berthing of vessels

Biodiversity — the range of species that comprise a
particular community

Biogenic reefs — aggregates of species that
together form a hard substrate

Biomass - the mass (weight) of organisms in a
community

Brownfield site — a site previously built on

Bund wall - a retaining wall to contain reclamation
material

Burrowing invertebrates — animals that burrow in
seabed deposits

Carrying capacity — the maximum
numbers/biomass that can be supported by a
habitat

CEFAS - Centre for Environment, Fisheries and
Aquaculture Science

Centrifugal pump — a pump used by dredgers to
draw material from the seabed

Chart Datum (CD) - approximately the lowest tidal
level due to astronomical effects and excluding
meteorological effects

Coastal processes — physical processes that
shape the coastline

Community — the group of species that charac-
terise a particular area

Compensation sites/habitats — sites set aside to
counterbalance effects on the environment
elsewhere

Contaminants — elements/compounds released
into the environment which are potentially harmful

Crustaceans — shellfish such as crabs, lobsters
and prawns

DEFRA - Department for Environment, Food and
Rural Affairs

Desk based assessment — a review of the
existing information

Dissolved Oxygen - the concentration of oxygen
dissolved in water

Draghead - the part of the dredge pipe that is in
contact with the seabed

Ecological Advisory Group (EAG) — a group of
stakeholders who advise on environmental issues

Fauna — animals, both invertebrates and
vertebrates

Finfish — fish such as Cod, Plaice and Herring

Geophysical surveys — surveys of the seabed
geology and structure

Geographic Information Systems (GIS) — a
computer system for recording data on a map

Global Positioning Systems (GPS) — a satellite
based system for recording positions



Habitat — an area or environment where a
community occurs

Hydraulic models — mathematical models used to
predict water and sediment movement

Inter—annual — variations from year to year

Intertidal — the area alternately covered and
uncovered by the tide

Inundation - to flood or cover with water

Invertebrates — animals without backbones, such
as worms, crabs and snails

Joint Venture — a partnership of companies, in
this case Laing O’Rourke/Dredging International

K

LiDAR — Light Detection And Ranging surveys
from an aircraft

Logistics — the management, storage and
movement of goods

Marine works — engineering works carried out in
the marine environment

MCM agreement — Mitigation, Compensation &
Monitoring agreement

Meteorological — atmospheric changes related to
the weather

Mitigation - to alleviate the effects on the
environment

Molluscs - invertebrates such as snails, cockles
and mussels

Morphology — the shape of an object

Multiple instrument arrays — groups of
instruments designed to measure environmental
variables simultaneously

Nursery ground — an area of seabed where
juveniles flourish

Oceanographic — physical processes related to
the ocean environment

Organic compounds — compounds containing
carbon

PAHs — Polycyclic Aromatic Hydrocarbons
(residues from carbon rich fuels)

Particle size analysis (PSA) — analysis of particle
diameters in a deposit

Particulates — suspended sediments in the water
column

PCBs — Polychlorinated Biphenyls (residues from
the plastics industry)

Physico-chemical environment - the physical
and chemical features of a habitat

Public Inquiry — a formal assessment of a project
under the planning process

Q

Ramsar — an intergovernmental treaty on The
Convention on Wetlands, signed in Ramsar, Iran,
in 1971

Recruitment — the colonisation and growth of
animals from juveniles to adults

SACs — Special Areas of Conservation (designated
under the Habitats Directive)
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Salinity — the salt content of water

Sediment plume - an area of enhanced sediment
concentration

Seed mussels — juvenile mussels used for re-laying
for commercial cultivation

Sensitive receiver site — a site of perceived
environmental sensitivity

Settlement lagoon — a pond used to enhance
settlement of sediment

Shellfish - invertebrates such as cockles, mussels
and shrimps

Siltation — the deposition of fine material (silt)

Size frequency distribution — the range of sizes
of a particular species

SPA - Special Protected Area (designated under
the Habitats Directive)

Spatfall — the settlement of juvenile shellfish

Spreader Pontoon - a system used to place
dredged material on a reclamation site

Spring tide - the highest and lowest astronomical
tide in each lunar cycle

Stakeholders — those who have an interest in the
project, some of whom are represented on the
Ecological Advisory Group (EAG)

Stationary cutter dredger — a dredger fitted with
cutting tools on the draghead

Substrate - the seabed, whether hard or soft

Subtidal - the area that is permanently covered by
seawater

Suction dredger — a dredger that removes seabed
material by suction generated from a centrifugal
pump

Surface-dwelling invertebrates — animals, such

as shrimps and crabs that live on the surface of the
seabed

Suspended sediment - fine sediments that are
within the water column

Swath - the width of land surface surveyed by an
instrument

Target species — fish/shellfish that are exploited
as a preferred economic resource

TBT - Tributyltin (used in anti-fouling paints)
TEU - Twenty foot equivalent container units

Threshold levels — levels of contaminants below
which there is no environmental impact

Trace metals — metal contaminants found at very
low levels

Trailer Suction Hopper Dredger (TSHD) - a
dredger that removes material whilst underway

Triplicate — three samples taken at any one site

Turbid — water with a high suspended sediment
load

U

Vertebrates — animals with backbones, such as
fish, birds and mammals

Weirs — box structures used to control water flow
from a reclamation site

White weed - a branching plant-like animal
(Sertularia cupressina) which forms colonies and is
harvested for decorative use
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