PLANNING ACT 2008
INFRASTRUCTURE PLANNING
(APPLICATIONS: PRESCRIBED FORMS AND PROCEDURE) REGULATIONS 2009
REGULATION 5 (2) (a)

PROPOSED PORT TERMINAL AT
FORMER TILBURY POWER STATION

TILBURY2
TR030003
VOLUME 6 PART B

ES APPENDIX 16.D: HYDRODYNAMIC SEDIMENT MODELLING
DOCUMENT REF: 6.2 16.D

Port of Tilbury Expansion
Hydrodynamic and sediment study

DDR5733-RT001-R05-00

October 2017

Port of Tilbury Expansion
Hydrodynamic and sediment study

Document information
Document permissions

Confidential - client

Project number

DDR5733

Project name

Port of Tilbury Expansion

Report title

Hydrodynamic and sediment study

Report number

RT001

Release number

R05-00

Report date

October 2017

Client

Atkins

Client representative

Sarah Rouse

Project manager

John Baugh

Project director

Graham Siggers

Document authorisation
Prepared

Approved

Authorised

© HR Wallingford Ltd
This report has been prepared for HR Wallingford’s client and not for any other person. Only our client should rely upon the contents of this report and any
methods or results which are contained within it and then only for the purposes for which the report was originally prepared. We accept no liability for any
loss or damage suffered by any person who has relied on the contents of this report, other than our client.
This report may contain material or information obtained from other people. We accept no liability for any loss or damage suffered by any person, including
our client, as a result of any error or inaccuracy in third party material or information which is included within this report.
To the extent that this report contains information or material which is the output of general research it should not be relied upon by any person, including
our client, for a specific purpose. If you are not HR Wallingford’s client and you wish to use the information or material in this report for a specific purpose,
you should contact us for advice.

DDR5733-RT001-R05-00

Port of Tilbury Expansion
Hydrodynamic and sediment study

Document history
Date

Release

Prepared Approved Authorised Notes

23 Oct 2017 05-00

WJF

JVB

GBS

02 Oct 2017 04-00

WJF

JVB

GBS

17 Aug 2017 03-00

WJF

JVB

JVB

07 Jul 2017

02-00

WJF

JVB

JVB

09 Jun 2017 01-00

WJF

JVB

JVB

DDR5733-RT001-R05-00

Port of Tilbury Expansion
Hydrodynamic and sediment study

Summary
An expansion of the riverside facilities at the Port of Tilbury is proposed, including a new
dredged bulk handling berth at the existing power station jetty and two dredged RO-RO
berths served from a new pontoon and link span bridge.
The development is of a nature that will interact with the hydrodynamic and sedimentological regime of the
area to some degree, and this may in turn have various implications for navigational and environmental
issues. A modelling study has been undertaken to investigate the effects of the proposed development on
the physical processes of the estuary regime. The conclusions are as follows:
Hydrodynamics
The data obtained from this study provide sufficient evidence to suggest that the introduction of the proposed
works will only have a comparatively local impact upon the flow conditions and will not affect the overall
hydrodynamic regime of the Thames Estuary.
Sedimentation
The proposed development will have a minor and local effect on the sediment regime of the Thames
Estuary. Dredging the berth pocket to depths several metres below the natural regime depth in an area
which is known to be sensitive to sedimentation has been shown to lead to the dredged areas being subject
3
to ingress of sediment. The predicted infill rates for the dredged berth pockets are up to 100,000 m annually
with the bulk of the material fine silty sediment. Whilst this total, which is close to the capital dredging,
volume is likely to be reduced, for example, by vessel occupancy at the berths, regular maintenance
dredging should be expected, in particular at the eastern end of the bulk berth. The site appears suitable for
the use of water injection/agitation dredging to maintain the fine silty material; however a need for occasional
removal of sandy material accumulating in the berth pockets is also present.
Additionally, dredging of the berth pocket to the proposed depth may challenge the integrity of adjacent side
slopes (dredged or intertidal). Knowledge of the strength and the material composition of the bed sediments
is required so that this issue can be appropriately addressed. Short term additional infill in the dredged areas
may occur early in the lifetime of the project.
Waves
The conclusion is that the impact of the proposed structures and dredging on the wave climate will be small
with negligible implications for morphology. This is because:
1. The wave climate typically comprises small, short period, waves. Short period waves as experienced at
the site do not typically lead to significant enhancements to sediment transport in water depths greater
than 4 m.
2. The structures are mostly open piled and spread out and present less of an obstacle than the existing
power station jetty.
Construction effects
The capital dredging methodology had not been finalised at the time of these studies and so sediment
release from two practicable options were assessed, namely use of a back hoe dredger, and water injection
dredging (WID). These cases describe the effect of a range of sediment release scenarios from a low rate
associated with backhoe to a high rate associated with WID.
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Due to the extremely low sediment release rate from back hoe dredging compared to the ambient
suspended sediment concentrations in the area any effect of the sediment released by the dredging is
considered negligible.
The use of WID in the capital dredge would be limited to the finer silty material found in the upper stratum of
the material to be dredged. A precautionary approach to modelling the plume from WID operations has
shown an area 15 km either side of the dredging which will experience an increase in maximum suspended
sediment concentration greater than 20 mg/l. Maximum increases of greater magnitude, up to 200 mg/l, are
limited to an area within 2 km of the dredge. The time series results show that these increases are very
transient. The effect of the dredging in raising the average suspended sediment concentration is limited to
the immediate area of the dredge. The duration of this effect may be up to 5-7 weeks depending on how
much of the material can be removed by WID and if the WID is continuous or ebb tide only (as is typical in
the Thames).
A consequence of the WID methodology is that the sediment plume is predicted to mostly be confined to the
subtidal areas with limited increase in suspended sediment concentration or sediment accumulation on the
intertidal areas. Accumulation depths of the order of 1-2 mm are predicted widely in the subtidal channel
due to 2 weeks of WID. Larger accumulation depths, greater than 10 mm, can occur in small areas however
only areas of channel with a consistent pattern of accumulation greater than 10mm are within 5 km of the
dredge site.
The simulations have shown that the landward extent of any influence of the dredging can be significantly
limited by dredging being restricted to the ebb tide.
Comparison with the latest fine sediment budget of the Thames (Baugh et al, 2013) shows that the total
mass released by the dredging (assuming WID is undertaken) is in the variability identified in the annual
sediment budget and therefore the dredging will not change the fine sediment budget of the Thames budget
outside natural variability.
Elevated concentrations of perylene have been found in the sediment to be dredged. A review of the
available information on the properties of perylene has shown it has extremely low solubility and therefore it
is unlikely to result in a water quality impact. An assessment of the dispersion of perylene adsorbed onto the
sediment released during the dredge has, in general, shown very low concentrations attached to sediment in
the water column and therefore a very low risk of contamination depositing on the intertidal areas.
Maintenance dredging effects
The modelling and results for WID presented for the construction effects section assume a high fine
sediment content in the material dredged as would be expected for maintenance dredging and therefore the
predicted effects of maintenance dredging can be anticipated as similar to those for the capital dredging as
production rates and dredge volumes will be similar.
Elsewhere on the tidal Thames WID is typically undertaken from an hour before high water to 4 hours after
high water to minimise the landward extent of any effect. Assuming 2 tides of dredging with 5 hours of
3
dredging undertaken in each suggests a sediment removal rate of slightly over 2,000 m per day. In this
scenario the maintenance could be done in four, 2 week dredging campaigns as modelled.
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1. Introduction
An expansion of the riverside facilities at the Port of Tilbury is proposed, including a new
dredged bulk handling berth at the existing power station jetty and two dredged RO-RO
berths served from a new pontoon and link span bridge.
The development is of a nature that will interact with the hydrodynamic and sedimentological regime of the
area to some degree, and this may in turn have various implications for navigational and environmental
issues. The main hydraulic aspects that are likely to be of interest are:
 Flow conditions (speed, direction) at the berths and the effects of the works on hydrodynamics in the
authorised channel;
 Infill within the new or existing dredged areas, requiring maintenance dredging;
 Potential changes to erosion or accretion at the intertidal foreshore (including environmentally designated
areas), nearby berths and other riparian activities;
 Sediment release from dredging and consequential effects on ecology due to increased turbidity and
deposition.
A hydrodynamic study is therefore required to determine the footprint and magnitude of any substantive
impacts of the development upon the hydrodynamic and sedimentological regimes of the area. The study is
to provide information to support an Environmental Impact Assessment.
The studies supporting the EIA are described in four further sections; Section 2 describes the establishment
and results of a tidal flow modelling exercise. The implications of the changed hydrodynamics on
sedimentation are covered by Section 3. The assessment of fine sediment release during the capital dredge
is provided by Section 4. The studies are summarised with conclusions and recommendations provided in
Section 5.

2. Hydrodynamic modelling
2.1. Choice of model
A requirement of this study was to obtain knowledge of the local tidal flow regime via a hydrodynamic
assessment for both existing and proposed scenario. Knowledge of the flow environment was obtained
based on the numerical flow model of the whole Thames Estuary set up by HR Wallingford on behalf of the
Environment Agency (EA) and the Port of London Authority (PLA) to assist them with their regulatory
responsibilities. To provide a more detailed study, the model was run in 3D mode to show the vertical
variation in magnitude of currents.
The Thames Base numerical model has previously been used to investigate the hydrodynamic regime
around developments in many areas along the tidal River Thames as well as investigating the estuarine
hydrodynamic and sediment transport processes themselves. The modelling tool used for the Thames Base
model was TELEMAC-3D. TELEMAC-3D, developed by EDF-LNHE solves the 3D Navier-Stokes flow
equations making the hydrostatic pressure assumption (i.e. no significant vertical flow accelerations) using a
finite element triangular grid. This triangular grid allows the model mesh resolution to continually vary in
space resulting in good representation of existing and proposed features.
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2.2. Calibration and validation
The model was initially established and successively validated against a wide set of tidal level, current and
total discharge data in 2001 (HR Wallingford, 2004). The model was subsequently validated against the
estuary-wide survey undertaken in late 2004 as part of the EA’s TE2100 studies (HR Wallingford, 2006a). A
further bathymetric update and validation exercise was undertaken for the PLA in 2009 (HR Wallingford,
2009).
For both the calibration and validation exercises the model accuracy has been assessed based on the Mean
Absolute Error (MAE) which gives a view of the average ‘goodness of fit’ of the simulated hydrodynamics
compared with those observed. The MAE for the model representation of the tide curve is in the range 3-4%
of the tide range and the MAE of the total water discharge has been calculated as in the range 6-12% of the
peak discharge.
For the purposes of assessing the modelled currents, a level of accuracy of 12% based on the maximum
MAE for tidal discharge would provide a precautionary view of the uncertainty. For example maximum
currents could be in the range 1.05-1.35 m/s for a predicted maximum current of 1.2 m/s.

2.3. Bathymetry
The bathymetry database of the Thames Base numerical model was developed from the bathymetric data
published by the Port of London Authority (PLA). All depths were reduced to a common flat datum of
Ordnance Datum Newlyn (OD(N)) from the PLA Chart Datum which constantly changes to reflect the local
lowest tide levels. At the study site OD(N) is 3.12 m above Chart Datum.
Additional bathymetry data at the site was provided by the client. These data were reduced to OD(N) and
included in the model bathymetry.

2.4. Model mesh
The model uses a triangular grid which allows the model mesh resolution to continually vary in space
resulting in good representation of features such as the various bridge piers, vessels, structures and the river
wall. A model mesh size as fine as 5-10 m was used to ensure the proposed works were accurately
represented in the model.
The model mesh and bathymetry close to area of interest are illustrated by Figure 2.1.
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Figure 2.1: Model mesh and bathymetry in area of proposed works
Background image contains OS data © Crown copyright (2016)

2.5. Boundary conditions
The simulations required the imposition of landward and seaward boundary conditions. The model domain
covers the whole length of the tidal Thames Estuary so the tidal elevation at Southend-on-Sea and water
discharge at Teddington Weir defined the seaward and landward boundary conditions, respectively.
Data for the seaward tidal elevation boundary came from those observed at the Port of London Authority’s
tide gauge on Southend Pier. The freshwater flow data for the landward boundary was calculated from the
gauged flow at Kingston (http://nrfa.ceh.ac.uk/data/station/meanflow/39001).
For the simulated period the tidal boundary conditions were taken from the tide gauge record at Southendon-Sea for the spring tide 28-29 September 2004. The imposed river input was the annual mean fluvial input
3
(65 m /s) at Kingston imposed for the flow over Teddington Weir.
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2.6. Piled structures and vessels
The influence of piles on the flow is included in the model by adding extra turbulent drag within each model
cell within the piled region using the following equation:
Fu,v = -0.5 * N * D * CD * Unorm

(Eq. 1)

Where:
Fu,v = drag in the X and Y direction
N = total number of piles in the jetty
D = diameter of the piles (m)
CD = a drag coefficient related to the shape of the pile; for square piles CD = 2.0 (Mutlu Sumer and
Fredsøe, 2006)
Unorm = depth averaged current flow speed (m/s).
Fu and Fv are then included implicitly within the hydrodynamic momentum equations used by the model.
Details of the existing and proposed piled structures were assessed from photographs of the site and
drawings supplied by the client.
The floating RO-RO pontoon and vessels were included in the model by applying additional pressure to the
free surface of the 3D hydrodynamic model, depressing the water surface to a level equivalent to the hull of
each vessel.

2.7. Model parameters
 The model time step was 1.0 s due to the high currents and small grid size anticipated;
 Bed friction was calculated throughout the model domain using Nikuradse’s law with a coefficient of
0.003;
 The model stored the hydrodynamic results (water level, water depth, current magnitude in the
East-West and North-South directions) every 900 seconds (15 mins);
 No effect of wind or other meteorological forcing was included in the model as the currents of up to 2 m/s
are tidally dominated, any additional effect of wind would be extremely minor.

2.8. Layout of proposed works simulated
The proposed works as supplied by client are shown in Figure 2.2 and how they were represented in the
model is shown in Figure 2.4. The works comprise:
 Removal of Anglian Water jetty and two dolphins;
 Installation of fourteen new dolphins and associated walkway supports;
 Dredged pockets and access area.
Figure 2.4 shows the depth of dredging proposed. Up to 4 m of dredging is required to bring the western
berth to the target depth; about 7 m of dredging is required to bring the eastern end of the berth area
adjacent to the existing jetty to the target depth. Additionally up to 2 m of dredging would be needed to
provide the dredged approaches.
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Estimates of the dredged volumes required to achieve the target depths are:
3

 Western RO-RO berth pockets: 16,000 m ;
3

 Eastern bulk berth pocket: 72,000 m ;
3

 Dredged approaches: 25,000 m .

Figure 2.2: Proposed berth development at Port of Tilbury
Source 5153187-ATK-Z4-XX-SK-ZZ-0050 Plan for HR Wallingford.dwg supplied by Atkins
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Figure 2.3: Location of time series data points overlaid on proposed layout
Background image contains OS data © Crown copyright (2016)
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Figure 2.4: Depth of capital dredging proposed
Background image contains OS data © Crown copyright (2016)

2.9. Description of model outputs provided
The simulations are presented in four ways to help assessment of the near and mid field hydrodynamic
impacts of the works.

2.9.1.

Spatial plots of current speed for baseline conditions

These figures show the model results for the baseline (pre-development) case at the times of peak ebb and
flood tide flow speeds. These results provide the values against which the effects of the proposed works on
flow magnitude are compared.
The times of peak ebb and peak flood tides are chosen to be representative of the largest ebb or flood tide
currents at the site to provide a precautionary view of the effects of the works on current speeds.
It should be noted that tidal variations within each tide and during tides of different range or sediment
characteristics may not reflect the maximum impact upon the movement of sediment in the vicinity of the
proposed works. This is separately covered in Section 3.
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2.9.2.

Spatial plots of current speed difference

These figures present snapshots of the simulated difference in speed magnitude at the time of peak ebb and
flood tides when comparing the works scenario to the baseline conditions. Yellow through to red colours
indicate increases in flow speed, while green through to blue colours indicate decreases in flow speed. Any
changes less than 0.1 m/s are not plotted as they are considered insignificant compared to the peak currents
or the natural through-tide variability that occur in the area. These figures can show the overall effect on the
flow via plotting the depth-averaged result or show the effect of the works on near surface or near bed
currents.

2.9.3.

Time series plots of current speed and direction

These plots are included to demonstrate if the effects of the works on peak currents shown in the above
figures are representative of the whole tidal period, by providing additional information throughout the tide. A
series of points covering the area around the proposed works have been chosen to characterise the effects.
At each point, the baseline current speed and direction are overlaid with the results for the works scenario.
The locations of the six points defined are shown in Figure 2.5. The points reflect the different areas of
interest for potential effects; intertidal areas, channel, nearby jetties.

Figure 2.5: Locations of time series data points on baseline layout
Background image contains OS data © Crown copyright (2016)
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2.9.4.

Tabulation of peak current speed magnitude

The maximum current speeds for each of the time history points are tabulated. These tables confirm the
effects plotted at the times of largest ebb and flood tide current are representative of the effect of the works
on maximum current speeds.

2.10. Model results
2.10.1. Baseline conditions
The baseline conditions for current magnitude at times of peak ebb and flood tide currents are plotted in
Figure 2.6 to Figure 2.11. The first two plots show the results for both tidal phases (ebb and flood tides) for
the spring tide and mean daily flow using depth averaged velocities. The next plots show predicted currents
near the bed and near the surface.
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Figure 2.6: Depth averaged current speed magnitude at time of peak ebb tide, baseline conditions
Background image contains OS data © Crown copyright (2016)

Figure 2.7: Depth averaged current speed magnitude at time of peak flood tide, baseline conditions
Background image contains OS data © Crown copyright (2016)
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Figure 2.8: Current speed magnitude at time of peak ebb tide, near bed, baseline conditions
Background image contains OS data © Crown copyright (2016)

Figure 2.9: Current speed magnitude at time of peak flood tide, near bed, baseline conditions
Background image contains OS data © Crown copyright (2016)
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Figure 2.10: Current speed magnitude at time of peak ebb tide, near surface, baseline conditions
Background image contains OS data © Crown copyright (2016)

Figure 2.11: Current speed magnitude at time of peak flood tide, near surface, baseline conditions
Background image contains OS data © Crown copyright (2016)
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2.10.2. Proposed works results
Current magnitude and direction
The current magnitude at times of peak ebb and flood tide currents with the project in place are plotted in
Figure 2.12 to Figure 2.17. As for the baseline current presentation, the first two plots show the depth
averaged velocities and the subsequent plots show predicted currents near the bed and near the surface.
Change to current magnitude
The effects of the proposed works on hydrodynamics are shown in Figure 2.18 to Figure 2.23. The plots
show the change to the magnitude of currents associated with the proposed works compared to baseline
conditions. The first two plots (Figure 2.18 and Figure 2.19) are for depth averaged results then equivalent
results are provided for near bed and near surface currents.
The effects of the works on current magnitude are very localised to the works themselves and are distributed
similarly in the water column i.e. similar amounts of change are shown for the depth averaged currents and
those near the bed and near the surface.
Speed decreases are shown in the areas of dredging due to the increased water depth. The largest
magnitude of change is approximately 0.2 m/s shown at the eastern end of the bulk berth dredging. The rest
of the predicted speed reductions are in the range 0.1-0.2 m/s. A very small area of speed increase in the
range 0.1-0.2 m/s is shown to the north of the proposed RO-RO pontoon due to the partial blockage to the
flow afforded by the pontoon.
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Figure 2.12: Depth averaged current speed magnitude at time of peak ebb tide, post-development conditions
Background image contains OS data © Crown copyright (2016)

Figure 2.13: Depth averaged current speed magnitude at time of peak flood tide, post-development
conditions
Background image contains OS data © Crown copyright (2016)
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Figure 2.14: Current speed magnitude at time of peak ebb tide, near bed, post-development conditions
Background image contains OS data © Crown copyright (2016)

Figure 2.15: Current speed magnitude at time of peak flood tide, near bed, post-development conditions
Background image contains OS data © Crown copyright (2016)
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Figure 2.16: Current speed magnitude at time of peak ebb tide, near surface, post-development conditions
Background image contains OS data © Crown copyright (2016)

Figure 2.17: Current speed magnitude at time of peak flood tide, near surface, post-development conditions
Background image contains OS data © Crown copyright (2016)
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Figure 2.18: Difference in depth averaged current speed magnitude - proposed works compared to baseline,
peak ebb tide
Background image contains OS data © Crown copyright (2016)

Figure 2.19: Difference in depth averaged current speed magnitude – proposed works compared to baseline,
peak flood tide
Background image contains OS data © Crown copyright (2016)
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Figure 2.20: Difference in current speed magnitude - proposed works compared to baseline, near bed, peak
ebb tide
Background image contains OS data © Crown copyright (2016)

Figure 2.21: Difference in current speed magnitude - proposed works compared to baseline, near bed, peak
flood tide
Background image contains OS data © Crown copyright (2016)
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Figure 2.22 Difference in current speed magnitude - proposed works compared to baseline, near surface,
peak ebb tide
Background image contains OS data © Crown copyright (2016)

Figure 2.23: Difference in current speed magnitude - proposed works compared to baseline, near surface,
peak flood tide
Background image contains OS data © Crown copyright (2016)
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Sensitivity to moored vessels
The predictions above indicate the effect of the dredging, RO-RO pontoon and piles alone to be extremely
small and localised. To fully demonstrate the effect of the operational berths on the local hydrodynamics the
effect of the presence of moored vessels was simulated. Three vessels of the type anticipated at the site
were included in the model; a 180 m LOA RO-RO vessel with max draft of 6.5 m, a 195 m LOA RO-RO
vessel with max draft of 7.4 m and a 250 m LOA bulk carrier with a max draft of 15.0 m.
Figure 2.24 and Figure 2.25 show the depth average current speed magnitude at the times of peak ebb and
flood tides with the vessels in place. The predicted currents are compared with the baseline currents in
Figure 2.26 (ebb tide) and Figure 2.27 (flood tide). The presence of the vessels, particularly the bulk carrier,
provides additional blockage to the flow resulting in speed reductions in line with the vessels. The area of
speed reduction extends some 500m from the development.
As the flow passes around the vessel hulls some speed increases are shown to the north of the ships. The
largest predicted speed increase is associated with the bulk carrier during flood tide when speed increases in
the range 0.2–0.3 m/s are predicted resulting in currents of 0.6-0.8 m/s.
No effect on current speed magnitude is shown in the authorised channel.
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Figure 2.24: Depth-averaged peak current speed magnitude - proposed works and vessels compared to
baseline, peak ebb tide
Background image contains OS data © Crown copyright (2016)

Figure 2.25: Depth-averaged peak current speed magnitude - proposed works and vessels compared to
baseline, peak flood tide
Background image contains OS data © Crown copyright (2016)
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Figure 2.26: Difference in depth-averaged peak current speed magnitude - proposed works and vessels
compared to baseline (no vessels), peak ebb tide
Background image contains OS data © Crown copyright (2016)

Figure 2.27: Difference in depth-averaged peak current speed magnitude - proposed works and vessels
compared to baseline (no vessels), peak flood tide
Background image contains OS data © Crown copyright (2016)

DDR5733-RT001-R05-00

22

Port of Tilbury Expansion
Hydrodynamic and sediment study

3. Sedimentation
Dredging the berth pocket to depths several metres below the natural regime depth in an
area which is known to be sensitive to sedimentation is likely to lead to the dredged areas
being subject to ingress of sediment. The flow modelling described above has been used
to drive models of non-cohesive (sandy) and fine cohesive (muddy) sediment transport.

3.1. Available data
3.1.1.

Suspended sediment concentration

Suspended sediment data were collected by water sampling at four locations near the power station jetty in
July 2002 (HR Wallingford, 2002a). Example results for total suspended sediment concentration are shown
in Figure 3.1. Of this total, generally approximately 10% was sand (although with some samples of more
than 30% sand found, including one at mid-depth).
Fine sediment concentrations of up to 1,600 mg/l (near bed) and 1,300 mg/l (mid depth) were observed.
Average suspended sand concentrations of 80 mg/l (near bed) and 30 mg/l (mid depth) indicate a highly
dynamic location.

Figure 3.1: Suspended fine sediment concentration observed near the Power Station Jetty in July 2002
Source:

HR Wallingford (2002a)
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The view of a dynamic sedimentary environmental is confirmed by measurements of total sediment flux
made in Gravesend Reach in September 2004. Spring tide observations showed approximately 65,000
Tonnes of sediment passing through the section during each tidal phase. This total fell to approximately
20,000 Tonnes during neap tides. Figure 3.2 shows the instantaneous discharge and sediment flux at the
section in Gravesend Reach. Maximum sediment fluxes of 6,000 kg/s are shown for both the ebb and flood
tidal phases.
15,000

9,000
Total discharge

5,000

3,000

Discharge (m3/s)
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0
06:00

0
10:00

14:00
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Total suspended sediment flux
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-5,000
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-15,000
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Time hh:mm

Figure 3.2: Total spring tide water discharge and sediment flux measured in Gravesend Reach, September
2004
Source:

3.1.2.

HR Wallingford (2006b)

Bed composition

A programme of geotechnical data collection was undertaken at the existing coal jetty in 2002 (Norwest
Holst, 2002). This programme included 12 boreholes with particle size analysis undertaken for a selection of
the locations and bed depths. Data for the upper 10 m of the boreholes is summarised in Table 3.1. The
location of the boreholes is shown in Figure 3.3 which is taken directly from Norwest Holst (2002).
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Figure 3.3: Location of 2002 boreholes
Source:

Norwest Holst (2002)

The data on surficial sediments is in line with the observations of sediment transport rates indicating a
dominance of fine silt or clay. Below this alluvial layer the material is a mix of sand and gravel in the
boreholes south of the existing jetty line (i.e. in the areas of potential dredging for the berth pocket) and silt or
peat for the boreholes to the north of the present jetty line.
Table 3.1: Sediment descriptions from 2002 boreholes

Borehole

Sediment
description

depth of
sediment
base
(m below
river bed)

Sediment
description

depth of
sediment
base
(m below
river bed)

Sediment
description

depth of
sediment
base
(m below
river bed)

BH401

Grey organic
SILT

2.4

fine to medium
SAND

3.2

TERRACE
GRAVEL
(8-36% sand)

9.5

BH402

very soft grey
organic CLAY

3

clayey fine to
coarse gravel

3.5

Fine to coarse
GRAVEL

8

BH403

Organic SILT

6

TERRACE
GRAVEL
(3-12% sand)

8.8

DDR5733-RT001-R05-00

25

Port of Tilbury Expansion
Hydrodynamic and sediment study

Borehole

Sediment
description

depth of
sediment
base
(m below
river bed)

Sediment
description

depth of
sediment
base
(m below
river bed)

Sediment
description

depth of
sediment
base
(m below
river bed)

BH404

Slightly
organic SILT

3.4

sandy
GRAVEL
(27-35% sand)

5

TERRACE
GRAVEL

6.8

BH405

Slightly
organic SILT

3.2

sandy
GRAVEL
(8-13% sand)

4.5

TERRACE
GRAVEL
(12-22%sand)

9.5

BH406

Organic SILT

1.3

Sandy CLAY

3.8

TERRACE
GRAVEL
(20-29%sand)

6.3

BH409

Coarse SAND
and GRAVEL
(46% sand)

1.1

GRAVEL
(7-13% sand)

5.5

GRAVEL

6.3

BH410

Slightly
organic CLAY

0.4

Gravelly
SAND
(43% sand)

0.7

GRAVEL
(29-20% sand)

5.8

BH411

Sandy SILT
(4% sand)

0.8

fine to coarse
SAND

1.3

GRAVEL
(0-53% sand)

4

BH412

sandy CLAY

4.2

organic SILT

5.2

silty PEAT

6.8

BH413

Organic SILT

6

clayey PEAT

8.35

CLAY

9.1

BH414

MADE
GROUND

0.55

Sandy SILT

4.2

organic SILT

6

Source:

3.1.3.

Norwest Holst (2002)

Sedimentation rate

The primary source of sedimentation data is the PLA’s Maintenance Dredge Protocol Baseline Document.
Three releases of this document reveal considerable variation in historic dredging rates at the Tilbury Power
Station Jetty, most likely due to the changing operational needs of the jetty.
The 2007 document (Royal Haskoning, 2007) describes maintenance dredging of soft silt at the jetty by
3
Trailer Suction Hopper Dredger with an annual average dredge quantity of 40,000 m .
In 2009 Royal Haskoning undertook a similar review of dredging activities in the Thames Estuary for a
dredging conservation assessment (Royal Haskoning, 2009). This document reported small scale use of
plough dredging at the power station jetty to clear material from under the structure. An average dredge
3
quantity of 11,100 m of sandy silt is stated with the maximum permitted licensed dredge quantity of
3
20,000 m .
The 2014 MDP document (ABPmer, 2014) describes and tabulates annual dredging at the Tilbury Power
Station although the site is not presently licensed by the PLA. Maintenance dredging has predominantly
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been required within the upper (western) berth (declared depth -13.8 mCD) although some irregular dredging
of the lower (eastern) berth (declared depth -7.2 mCD) has been undertaken with a maximum volume of
3
3
1,334 m removed by plough dredging. Additionally, during the period 2004-2013 approximately 6,000 m
was dredged by backhoe from the power station intakes during 2005.
Table 3.2 summarises the annual dredged volumes from ABPmer (2014). It can be seen that the dredged
volumes vary greatly due to operational requirements of the power station eventually falling to zero before
3
the power station was closed in 2013. The highest infill rate of 120,000 m in 2004 corresponds to a period
of capital dredging and reconstruction of the berth to accommodate deeper draft vessels. It is not known if
the reported volume includes any of the capital dredging volume or if it represents the short term increase in
infill typically experienced by newly deepened berths due to sediment disturbance during the dredge and
while the surrounding seabed reaches equilibrium.
Table 3.2: Reported maintenance dredging volumes at Tilbury Power Station
2004
Annual
dredged
3
volumes (m )
Source:

120,000
2009
2,822

2005
8,000
2010
13,593

2006
16,500
2011
1,697

2007

2008

15,860
2012

12,540
2013

0

0

ABPmer, 2014

Due to the high degree of variability in the quoted dredging data it is not straightforward to propose a
3
calibration target for the sedimentation model. If the 2004 value of 120,000 m is excluded due to the
potential effects of a capital dredge at that time, the infill has been somewhere in the range 10,000 – 40,000
3
m /year although this is likely to be strongly linked to the operational needs of the berth as well as variation in
vessel occupancy.

3.2. Sand transport modelling
3.2.1.

Methodology

For this element of the study the integrated sediment transport model SISYPHE (part of the TELEMAC
system) was employed to simulate non-cohesive (sandy) sediment transport by tidal flows.
SISYPHE is the state-of-the-art sediment transport model used at HR Wallingford. The main factors
controlling sand transport which can be included in the model are: advection by currents, settlement under
gravity, wave stirring, turbulent diffusion in all directions and exchange of sediment between the flow and the
bed.
Like TELEMAC-3D, SISYPHE uses an unstructured triangular model mesh. This mesh allows complex
coastlines and seabed features to be modelled accurately with user defined levels of detail applicable in a
particular area of interest. Larger model mesh elements are used to remove the model’s imposed boundary
conditions away from the area of interest.
For this study SISYPHE was run taking the flow results from the TELEMAC-3D simulation. At this location
larger swell waves will not occur and wave conditions are limited to locally wind generated waves with
consequential less effect of sediment transport except in shallow areas or intertidal areas. Without the
inclusion of waves the potential for sediment accretion in shallow areas is likely to be slightly over estimated.
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The sediment size used was a fine to medium sand of median grain size 0.1 mm. This value is consistent
with the sediment size used for projects nearby, for example at London Gateway Port (HR Wallingford,
2002b).
By default SISYPHE assumes sand is available everywhere on the river bed to provide a sediment source
for the material transported. However in areas of the channel the currents are too high to allow significant
accumulations of sand. Therefore to take account of this factor the model was run in two stages, the first
stage was to generate more realistic initial conditions. The model was initially run for spring tide conditions
assuming sand deposits were available everywhere and then the resultant of areas of potential sand
accumulation identified by the simulation were used to define the initial conditions for areas of sand
availability in the main model runs. In effect this method excluded the availability of sand from the channel
areas. There remains some uncertainty in the availability of sand in the area however this approach is
considered acceptable to provide comparative results for the purposes of demonstrating the effect of the
development on sand transport.

3.2.2.

Results

The model was run for a spring-neap cycle (approx. 14.5 days) and the results multiplied to give estimates of
annual infill rates.
Figure 3.4 and Figure 3.5 show the predicted annual sand infill for the baseline and developed case,
respectively. For each plot the extent of the proposed dredging are marked to enable comparison. Neither
case shows sand accumulation in the approaches to the berths. Some accumulation adjacent to the Divers
Shoal groynes are shown in both cases, however as it is understood that this area now has broadly stable
bed levels following the morphological response to the groynes, this accumulation of material may be
removed by local wind generated waves.
There is no maintenance dredging undertaken in the existing berths so there is no data to confirm the sand
accumulation predicted in the berth areas under baseline conditions. With the development in place
additional sandy infill is predicted in the dredged berth areas, particularly at the eastern end of the bulk berth
(Figure 3.5). This is the area of deepest dredging so largest infill would be expected here.
The difference in sandy infill due to the development is plotted in Figure 3.6. No change other than in the
berth pockets is predicted. The effect of the development on infill appears to be concentrated in the bulk
berth pocket, particularly at the eastern end of the berth pocket where annual infill rates of more than 0.3 m
are shown.
Some additional sedimentation may occur to the north of the berth line due to reduction in wave conditions
but wave effects are not simulated to confirm this possibility.
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Figure 3.4: Predicted annual sand infill – baseline conditions

Figure 3.5: Predicted annual sand infill – post development conditions
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Figure 3.6: Change to predicted annual sand infill due to the development
The volume of infill has been integrated in the areas around the western RO-RO, the Eastern RO-RO and
the bulk berth. The area of integration included the berths and the surrounding side slopes as sediment on
the side slopes may also migrate into the berth area.
The predicted annual sandy infill rates are shown in Table 3.3. As the infill predicted for the baseline case
cannot be straightforwardly validated by comparison with data in this area there is some uncertainty in the
predicted infill for the developed case. However, the low rate of sandy accumulation is in line with the
evidence that infill is predominantly silty with a small contribution of sand. The uncertainty in potential sandy
accumulation is represented by the range between the predicted infill total and the difference in predicted
infill total due to the works.
3

Table 3.3: Predicted annual infill of sandy sediment (m /year)
Site

Baseline

Developed case

Difference

330

450

120

East RO-RO

1,890

2,340

450

Bulk cargo berth

1,150

3,590

2,440

3,370

6,380

3,010

West RO-RO

Total

3

In summary between approximately 3,000 and 6,400 m /year of sandy infill is predicted with between 50%
and 80% of this total anticipated to be within the bulk cargo berth pocket. This is a medium term prediction
after any initial effects of the dredging itself have been removed.
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An example of the temporal variation in sandy infill for the bulk berth is provided by Figure 3.7. As might be
expected sand transport and consequential infill is strongly tidally dominated with significant bed changes
only predicted during spring tides.
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Figure 3.7: Time series of predicted cumulative sand infill volume for proposed bulk berth

3.3. Mud transport modelling
3.3.1.

Methodology

To simulate fine cohesive (muddy) sediment transport, the TELEMAC-3D modelling was repeated including
the transport of fine sediments. Coupling of TELEMAC-3D with mud transport is required in areas of high
suspended sediment concentration such as within Gravesend Reach. In these conditions the suspended
sediment concentration is high enough to influence the hydrodynamics via changes to density.
HR Wallingford has been applying TELEMAC-3D coupled with fine sediment transport in the Thames at
various time since a model was established in 2005 for the Environment Agency’s TE2100 programme. The
model was calibrated against the sediment flux data at a series of transects between Southend-on-Sea and
central London such as that shown in Figure 3.2. The calibration of the model is reported in Baugh and
Littlewood (2005). At the study location waves are anticipated to be a secondary effect, mainly on intertidal
areas as the waves will be locally generated wind waves, without the wave height or period to produce
significant forces on the seabed. Therefore waves were not included in the modelling.
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Initial conditions for the simulations were required for fine sediment both in suspension and on the bed. The
imposed initial conditions comprised a variation in depth averaged suspended sediment concentration
ranging from 30 mg/l at Southend-on-Sea to a maximum of more than 500 mg/l near Crossness
(approximately the estuarine turbidity maximum) then decreasing back below 100 mg/l in the upper Tideway.
This distribution of fine sediment was enhanced by an initial 0.1 m layer of mud on the channel bed in the
area from Gravesend to Woolwich. This bed material was intended to quickly erode and provide additional
suspended sediment concentration in the muddiest reaches.

3.3.2.

Results

The model was run for a 3 day spin up period to remove the influence of the initial conditions and then for a
spring-neap cycle (approx. 14.5 days). The predicted infill was calculated over the spring-neap period.
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As a validation check the suspended sediment concentration was extracted at the observed location plotted
in Figure 3.1. The model’s reproduction of the data as shown in Figure 3.8 is not exact as it simulated a
different set of tidal and river flow conditions however the most significant features of near bed suspended
sediment concentration peaking above 1,500 mg/l and dropping to peaks of below 500 mg/l at mid-depth are
shown in both the observations and simulated results.
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Figure 3.8: Simulated suspended sediment concentration near the Power Station Jetty
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Figure 3.9 and Figure 3.10 show the predicted fine sediment infill for the baseline and developed case over a
spring–neap cycle, respectively. For each plot the extent of the proposed dredging is marked to enable
3
comparison. The bed density used for calculating the depth of fine sediment accumulation is 750 kg/m (a
dry density for consolidated sediment. At the early stages of deposition, before consolidation, lower
3
densities will occur down to 300 kg/m , which would make apparent depths of sediment accumulation
greater.
Neither simulation shows fine sediment accumulation in the approaches to the berths due to the high
currents. Some accumulation is shown adjacent to the Divers Shoal groynes. As for the sand transport
modelling it is understood that this area now has broadly stable bed levels following the morphological
response to the groynes so this accumulation of material is most likely removed by local wind generated
waves.
The evidence for maintenance dredging undertaken in the existing berths presents high level of variation in
annual infill rates which makes it difficult to confirm the mud accumulation predicted in the existing berth area
under baseline conditions. However, if compared with the baseline dredging rate in the range 10,0003
3
40,000 m /year the model prediction of infill in the upper (western) berth is 87,300 m /year. This includes infill
below the declared depth of the berth which would not require dredging. Excluding infill in the deeper areas
the integrated sedimentation predicted by the model in the ends of the berth area which would require
3
dredging is 32,700 m /year, i.e. within the range of reported dredging rate, although at the high end of the
annual dredging rates reported since 2005.
Overall, comparing the modelled sedimentation rates with the reported dredging rate suggests that the
model over predicts infill rates in the existing dredged areas. The difference is most likely due to reduction in
the rate of accumulation due to morphological change, resuspension of sediment by local turbulence or
disturbance due to vessel motions.
With the development in place (Figure 3.10) some muddy infill is predicted in the RO-RO berth areas as was
shown for baseline conditions with a new area of significant infill predicted at the eastern end of the bulk
berth. This is the area of deepest dredging, up to 6m below the present bed level so notable infill would be
expected here.
The difference in muddy infill due to the development is plotted in Figure 3.11. The effect of the
development on infill appears to be concentrated in the bulk berth pocket, particularly at the eastern end of
the berth pocket where infill rates of more than 0.3 m are shown in the berth pocket over the spring neap
cycle simulated. Greater depths of accumulation are shown on the side slopes to the east of the berth
pocket. In time these accumulations on the side slopes would be likely to act as an additional source of
sediment to the berth pocket and therefore are included in the calculation of total annual infill.
Some additional sedimentation may occur to the north of the berth line due to reduction in wave conditions
but wave effects are not simulated here so this effect cannot be quantified.
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Figure 3.9: Predicted mud infill over a spring-neap cycle – baseline conditions

Figure 3.10: Predicted mud infill over a spring-neap cycle – post development conditions
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Figure 3.11: Change to predicted mud infill over a spring-neap cycle due to the development
The volume of infill has been integrated in the areas around the western RO-RO, the eastern RO-RO and
the bulk berth. An example of the temporal variation in muddy infill for the bulk berth is provided by
Figure 3.12. As might be expected fine sediment infill is strongly tidally dominated with greater bed changes
occurring for spring tides. The results suggest the area has broadly stable bed levels under baseline
conditions but the dredging of the eastern half of the berth results in additional muddy infill. This is a medium
term prediction after any initial effects of the dredging itself such as increased in suspended sediment
concentration or side slope adjustment have been removed.
The predicted annual fine sediment infill rates are shown in Table 3.4 assuming the berths are regularly
maintained at their target depths. As the infill predicted for the baseline case cannot be straightforwardly
validated by comparison with data in this area there is some uncertainty in the predicted infill for the
developed case. Assuming the bed levels are presently broadly stable the additional infill resulting from the
dredging provides the best estimate of fine sediment accretion rates with the development in place.
It is clear the main area of additional fine sediment infill is at the eastern end of the bulk berth pocket where
the change of bed depth is greatest. Neither of the RO-RO berths experiences an increase in infill although
the risk of some muddy accumulation cannot be discounted, in particular from the western end of the
landward RO-RO berth.
In terms of annual maintenance dredging for fine sediment without making any allowance for vessel effects a
3
total volume of up to 97,500 m /year of fine sediment may accumulate in the dredged area. As discussed for
the existing case the sedimentation total is likely to be an over prediction to some extent, indeed the total is
similar to the capital dredge volume, however regular maintenance dredging will be required. The total
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Figure 3.12: Time series of predicted mud infill for proposed Bulk berth
3

Table 3.4: Predicted annual infill of muddy sediment (m /spring - neap)
Site

Baseline

Developed case

Difference

0

0

0

East RO-RO

2,700

2,400

-300

Bulk cargo berth

1,000

4,900

3,900

3,700

7,300

3,600

West RO-RO

Total

4. Dredging plume assessment
4.1. Modelling methodology
The dispersion of the plumes of sediment arising from the proposed dredging was simulated using the
HR SEDPLUME model. The model uses the hydrodynamic output from the TELEMAC-3D model and the
assumption of a logarithmic velocity profile through the water column to track the 3 dimensional movements
of sediment particles. Dispersal in the direction of flow is provided by the shear action of differential speeds
DDR5733-RT001-R05-00
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through the water column while turbulent dispersion is modelled using a random walk technique. The
deposition and resuspension of particles are modelled by establishing critical shear stresses for erosion and
deposition. Erosion of deposited material occurs when the bed shear stress exceeds the critical shear stress
for erosion while deposition of suspended material occurs when the bed shear stress falls below the critical
shear stress for deposition.
Note that the dispersion modelling undertaken does not represent background concentrations but simulates
the increase of suspended sediment concentrations above background caused by dredging plumes.

4.2. Dredging methodology
The capital dredging methodology has not been finalised as yet so sediment release from two practicable
options have been studied – use of a back hoe dredger and water injection dredging (WID). These cases
describe the effect of a range of sediment release scenarios from a low rate associated with backhoe to a
high rate associated with WID.
WID is also a commonly used maintenance dredging method on the tidal Thames and given the potential
sedimentation rates predicted in Section 3 simulations of WID are useful for considering the potential
impacts of maintenance dredging.

4.2.1.

Backhoe dredger
3

The relatively small volume of capital dredging required (~100,000 m ) and the anticipated mix of bed
material as shown by the borehole data suggests that a backhoe dredger could be used working
continuously loading material into a fleet of barges. The losses from a backhoe occur as the bucket ‘digs’
into the riverbed and as the bucket is raised through and above the water column and deposits the material
in a barge. Based on experience elsewhere a sediment loss rate of 1 kg/s is considered a reasonable worst
3
case. Typical production rates for backhoe dredgers are 10,000-20,000 m /week assuming a 130 hour
working week. This suggests the dredge could be completed within 10 weeks (approximately 5 spring-neap
cycles).
In the simulation the release point is simulated as remaining in the same place throughout the entire
simulation. In reality there would be some relocation of the dredge plant and barges as the work progressed
over the footprint of the dredge area. As sediment may be released at any point in the dredge process the
sediment is released in the model equally throughout the water column.
The simulation continues for 15 days to cover both spring and neap tide conditions with dredging taking
place continuously from the start of the modelling for 14 days.

4.2.2.

Water injection dredger

The overlying soft silts and sands found in the boreholes could be removed by water injection dredging
(WID). WID uses a technique whereby large amounts of water are injected at low pressure into surface
sediments on the seabed via a series of nozzles on a horizontal bar which is lowered to the bed. The small
jets on the bar generate a high density sediment layer on the seabed, normally up to 1 m deep, with the
highest density part of the layer being around 0.5 m above the bed. The dense fluidised layer acts as a fluid
and flows over the bed through the action of gravity in the direction of the bed slope. The aim of this type of
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dredging is not to resuspend sediment within the water column but rather to move sediments from one area
to another. Some resuspension of fine sediment fractions can occur using this technique if some sediment
escapes from the dense near-bed layer (e.g. due to strong tidal currents or a pronounced bed gradient) but
on the whole dispersion of sediment into the overlying waters and into the far-field tend to be small and more
gradual than in more conventional dredging techniques (e.g. trailing suction hopper dredger). However, it is
possible that the WID operation can bring lager proportions of the sediment into suspension; it is this more
conservative case that has been modelled.
In all six WID simulations were undertaken – three dredging scenarios, each for silt and sand, as
summarised in Table 4.1. These scenarios cover the range of possible operational plans but it should be
noted that the approach to WID elsewhere on the Thames favours ebb only dredging. During the dredging
the release point is modelled as moving continuously over the path shown in Figure 4.1.
Table 4.1: Summary of WID simulations undertaken
Scenario No.

Dredging programme

1

Dredging continuously – neap to spring to neap tides

2

Dredging during ebb tide only – neap to spring to neap tides.
Rate of sediment release as Scenario 1.

3

Dredging continuously – spring tides.
Total sediment released per tide as Scenario 2.

Scenarios 1 and 2 runs represent WID for 14 days starting on neap tides the going through spring tides
before returning to neaps. As such the whole range of tidal conditions is included in the simulations which
allows the maximum likely footprint (spring tides) and maximum excess suspended sediment concentration
(neap tides) to be shown. Scenario 3 was undertaken for a sensitivity test for ebb-only dredging. In this
case, although the dredging was continuous, the total sediment released was the same as for the ebb
dredging Scenario 2. Comparing Scenario 2 and Scenario 3 allows the effect of ebb only dredging to be
demonstrated.
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Figure 4.1: Location and path of simulated dredging
Contains OS data © Crown copyright (2016)

A typical sediment release rate for WID of 113 kg/s was used based on HR Wallingford’s experience of
similar WID operations. This corresponds to release rates for the silt, very fine sand and fine sand fractions
as follows: silt: 51 kg/s; very fine sand (63-90 µm): 31 kg/s; and fine sand (90-125 µm): 31 kg/s. As a
conservative assumption for significant mixing of the near bed dense layer into the water column the
sediment was released into the bottom 10 metres of the water column.
For the continuous dredging scenarios the dredging simulated corresponds to the removal of 4,000-5,500 m
of sediment from the dredged area per day. This rate of dredging is up to two times greater compared to
that for the back hoe simulated.

3

For clays and gravels found under the silts, which would not be dredgeable by WID, the capital dredge could
revert to back hoe or use another method any of which would have a lower sediment release rate than the
WID modelled.
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4.3. Sediment properties
The sediment parameters used in the simulations are summarised in Table 4.2.
Table 4.2: Sediment parameter settings
Parameter

Value

Critical shear stress for deposition of sediment

0.1 N/m

2

Critical shear stress for erosion of silt/clay

0.2 N/m

2

Critical shear stress for erosion of sand

When sand deposits it forms part of the background
sand transport and ceases to be part of the sediment
plume.

Erosion constant for silt/clay - 𝑀𝑀𝑒𝑒

0.002 kg/N/m /s

Settling velocity of fine sediment fraction

1 mm/s

Settling velocity of sand fractions

As Soulsby (1997)

Dry sediment density of deposited silt/clay

500 kg/m

Dry sediment density of deposited sand
fractions

1600 kg/m

[

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 𝑀𝑀𝑒𝑒 (𝜏𝜏 − 𝜏𝜏𝑒𝑒 )]

2

3
3

4.4. Results for backhoe dredging
The results for the dispersal of fine material arising from the backhoe dredging are shown in Figures 4.1
to 4.8. The plots that show the peak (depth averaged) concentration above background or deposition that
occurred at any time during the simulation. These plots thus convey the footprint of influence of the dredging
but they do not represent a particular point in time as can be seen from the time series plots of concentration
Figures 4.2 to 4.5 the length of time that any one place is affected by maximum concentrations is relatively
small. Figure 4.1 shows the depth averaged concentration never exceeds 20mg/l which compared to the
ambient concentrations of up to thousands of mg/l makes the increase seem insignificant. This negligible
effect is further emphasized in the averaged plot Figure 4.6 which shows no increase.
Figures 4.7 to 4.8 show the deposition which is predicted to occur due the dredging. The peak plot shows the
envelope, whereas the net plot (Figure 4.8) shows the areas where material will settle and remain under the
flow conditions simulated. It shows a vast quantity of the material released by the dredging is deposited
within 1.5 km of the dredge; outside of this area deposition thickness is rarely above 1mm.
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Figure 4.2: Maximum increase in depth average suspended sediment concentration during 14 days of
backhoe dredging
Background image contains OS data © Crown copyright (2016)
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Figure 4.3: Time series of concentration over 14 days of backhoe dredging – location 1
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Figure 4.4: Time series of concentration over 14 days of backhoe dredging – location 2
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Figure 4.5: Time series of concentration over 14 days of backhoe dredging – location 3
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Figure 4.6: Time series of concentration over 14 days of backhoe dredging – location 4
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Figure 4.7: Average increase in depth average suspended sediment concentration during 14 days of
backhoe dredging
Background image contains OS data © Crown copyright (2016)
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Figure 4.8: Maximum deposition depth of the released sediment during 14 days of backhoe dredging
Background image contains OS data © Crown copyright (2016)
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Figure 4.9: Nett accumulation of the released sediment at the end of 14 days of backhoe dredging
Background image contains OS data © Crown copyright (2016)
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4.5. Results for water injection dredging
4.5.1.

Scenario 1 – continuous WID

The results for the dispersal of fine material arising from the continuous WID dredging are shown in
Figures 4.10 to 4.17.
Figure 4.10 shows the peak (depth averaged) concentration above background that occurred at any time
during the simulation. These plots thus convey the footprint of influence of the dredging but they do not
represent a particular point in time as can be seen from the time series plots of concentration, Figures 4.11
to 4.14, the length of time that any one place is affected by the maximum concentration as shown by
Figure 4.10 is relatively small. A view of the impact of the dredge on suspended sediment concentration
taking into account the temporal variation is available by calculating the average increase in suspended
sediment concentration during the dredge (Figure 4.15). This plot shows that whilst a large area, up to 20 km
either side of the dredge site, may experience episodic increases in suspended sediment concentration the
area with consistent elevation in suspended sediment concentration is much smaller, confined to within 2 km
of the dredge site.
Figures 4.16 to 4.17 show the deposition above background which is predicted to occur due to the dredging.
The peak plot indicates an overall envelope of effect, whereas the net plot (Figure 4.17) shows the areas
where material will settle and remain under the flow conditions simulated. It should be noted that the peak
deposition plot (Figure 4.16) includes temporary slack water deposition which is exchanged between the bed
and the water column at every slack water.
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Figure 4.10: Maximum increase in depth averaged suspended sediment concentration during 14 days of
WID – Scenario 1
Background image contains OS data © Crown copyright (2016)
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Figure 4.11: Time series of concentration over 14 days of WID – location 1 – Scenario 1
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Figure 4.12: Time series of concentration over 14 days of WID – location 2 – Scenario 1
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Figure 4.13: Time series of concentration over 14 days of WID – location 3 – Scenario 1
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Figure 4.14: Time series of concentration over 14 days of WID – location 4 – Scenario 1

DDR5733-RT001-R05-00

54

Port of Tilbury Expansion
Hydrodynamic and sediment study

Figure 4.15: Average increase in depth average suspended sediment concentration during 14 days of WID –
Scenario 1
Background image contains OS data © Crown copyright (2016)
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Figure 4.16: Maximum deposition depth of the released sediment during 14 days of WID – Scenario 1
Background image contains OS data © Crown copyright (2016)
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Figure 4.17: Nett accumulation of the released sediment at the end of 14 days of WID – Scenario 1
Background image contains OS data © Crown copyright (2016)
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4.5.2.

Scenario 2 – ebb tide only WID

The results for the dispersal of fine sediment arising from the ebb tide only WID are shown in Figures 4.18
to 4.25.
Figure 4.18 shows the peak (depth averaged) concentration above background that occurred at any time
during the simulation. This plot thus conveys an overall footprint of influence of the dredging but it does not
represent a particular point in time. As can be seen from the time series plots of concentration, Figures 4.19
to 4.22, the length of time that any one place is affected by maximum concentrations may be relatively small.
Figure 4.23 shows the average increase in suspended sediment concentration.
Figures 4.24 to 4.25 show the increase in deposition above background conditions which is predicted to
occur due the dredging . The peak plot shows the overall envelope of anywhere that may experience an
increase in deposition however temporary, whereas the net deposition plot (Figure 4.25) shows the areas
where material will settle and remain under the flow conditions simulated.

Figure 4.18: Maximum increase in depth average suspended sediment concentration during 14 days of
WID – Scenario 2
Background image contains OS data © Crown copyright (2016)
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Figure 4.19: Time series of concentration over 14 days of WID – location 1 – Scenario 2
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Figure 4.20: Time series of concentration over 14 days of WID – location 2 – Scenario 2
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Figure 4.21: Time series of concentration over 14 days of WID – location 3 – Scenario 2

DDR5733-RT001-R05-00

61

Port of Tilbury Expansion
Hydrodynamic and sediment study

Figure 4.22: Time series of concentration over 14 days of WID – location 4 – Scenario 2
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Figure 4.23: Average increase in depth average suspended sediment concentration during 14 days of WID –
Scenario 2
Background image contains OS data © Crown copyright (2016)
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Figure 4.24: Maximum deposition depth of the released sediment during 14 days of WID – Scenario 2
Background image contains OS data © Crown copyright (2016)

DDR5733-RT001-R05-00

64

Port of Tilbury Expansion
Hydrodynamic and sediment study

Figure 4.25: Nett accumulation of the released sediment at the end of 14 days of WID – Scenario 2
Background image contains OS data © Crown copyright (2016)

DDR5733-RT001-R05-00

65

Port of Tilbury Expansion
Hydrodynamic and sediment study

4.5.3.

Scenario 3 – continuous WID during spring tides only

The results for the dispersal of fine material arising from continuous WID dredging during 5 days of spring
tides are shown in Figures 4.26 to 4.33. The plots that show the increase in (depth averaged) suspended
sediment concentration or depth of sediment deposition, above background conditions, that occurred during
the simulation.
For this simulation the rate of release was increased so that the total sediment mass of sediment released
was the same as the for the same period in the ebb only WID scenario 2. This provides a good comparison
of the effect of releasing sediment on the ebb tide only compared to continuous release.
Figure 4.26 shows the maximum increase in suspended sediment concentration above background. This
plot conveys the footprint of influence of the dredging but does not represent a particular point in time as can
be seen from the time series plots of concentration Figures 4.27 to 4.30 the length of time that any one place
is affected by maximum concentrations can be small. Figure 4.27 to Figure 4.30 also include the Scenario 2
results to enable a comparison.
The duration of elevations in suspended sediment is taken into account by plotting the average increase in
suspended sediment concentration (Figure 4.31). This shows that whilst much of the area experiences the
sediment plume episodically only a small area in the immediate vicinity of the dredging experiences a
consistent increase of the concentration of suspended sediment in the water column.
Figures 4.32 to 4.33 show the deposition which is predicted to occur due the dredging. The peak deposition
plot (Figure 4.32) shows the maximum envelope of deposition, including temporary slack water deposits,
whereas the net deposition plot (Figure 4.33) shows the areas where material will settle and remain under
the flow conditions simulated.
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Figure 4.26: Maximum increase in depth average suspended sediment concentration during 5 days of WID –
Scenario 3
Background image contains OS data © Crown copyright (2016)
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Figure 4.27: Time series of concentration during WID – location 1 – Scenario 2 (14 days ebb only) & 3 (5
days continuous)
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Figure 4.28: Time series of concentration during WID – location 2 – Scenario 2 (14 days ebb only) & 3 (5
days continuous)
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Figure 4.29: Time series of concentration during WID – location 3 – Scenario 2 (14 days ebb only) & 3 (5
days continuous)
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Figure 4.30: Time series of concentration during WID – location 4 – Scenario 2 (14 days ebb only) & 3 (5
days continuous)
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Figure 4.31: Average increase in depth average suspended sediment concentration during 5 days of WID –
Scenario 3
Background image contains OS data © Crown copyright (2016)
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Figure 4.32: Maximum deposition depth of the released sediment during 5 days of dredging – Scenario 3
Background image contains OS data © Crown copyright (2016)

DDR5733-RT001-R05-00

73

Port of Tilbury Expansion
Hydrodynamic and sediment study

Figure 4.33: Nett accumulation of the released sediment at the end of 5 days of dredging – Scenario 3
Background image contains OS data © Crown copyright (2016)

5. Waves
The site is sheltered from the outer Thames Estuary and southern North Sea and so waves at the site are
due to generation by local winds in the reach of the Thames Estuary. The generation area is quite small, the
fetch to the east is approximately 5 km and to the west is 4 km. As a consequence, the wave climate is
characterised by small short period waves.

5.1. Wave climate and extreme wave conditions
The wave climate close to the site was investigated for the EA’s Thames Estuary 2100 study (HR Wallingford
2005). The reporting location N9 from HR Wallingford (2005) is very close to the proposed site and the wave
conditions presented for N9 are representative of those at the proposed development.
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The climate is presented in Table 5.1 for significant wave height against direction and Table 5.2 for
significant wave height against wave period. Extreme wave conditions for relevant direction sectors are listed
in Table 5.3.
The wave climate is dominated by waves propagating either down the estuary from the west or up the
estuary from the east. The most common directions are from the west and southwest which is the direction of
the prevailing winds. The largest waves come from the east however as this is the longer fetch and the
estuary gradually widens eastward of the site.
Wave heights are small, as expected for an enclosed location, with significant wave height of 0.6 m for a 100
year return period. Wave heights were predicted to be less than 0.2 m approximately 92% of the time. Wave
periods are also short, as is typical of waves generated within a restricted fetch and mean wave periods do
not exceed 2.5 s.

5.2. Impact of proposed structures on waves
The proposed works include new dolphins with associated walkways and a pontoon. The Anglian Water jetty
is proposed to be removed. The dolphins will be supported on piles.
The dolphins and piles are of a similar scale to the wavelengths of the short period waves so will scatter and
dissipate some wave energy but this effect will be localised. However, the dolphins are spaced out and the
existing piled power station presents a larger and denser obstacle. The proposed structures will not focus
wave energy so the relatively small impact on the wave climate will not impact the river bank.
The conclusion is that the impact of the proposed structures on the wave climate will be small, primarily
because:
 The wave climate is typically comprised of only small, short period waves.
 The structures are mostly open piled and spread out and present less of an obstacle than the existing
power station jetty.

5.3. Impact of the proposed dredging on waves
Dredged areas are proposed at the bulk handling berth and the western RO-RO berth. The pockets are
proposed to be dredged to -15 mCD at the bulk handling berth, and -7.9 mCD at the RO-RO berths. Based
on the differences described in Section 2.8 and shown in Figure 2.4, the minimum pre-dredge depths in
these areas are approximately -8.0 mCD and -3.9 mCD.
The wave climate shows very short period waves with 99.9% with a mean period approximately 2 s or less.
Short period waves do not “feel” the seabed unless the water depth is less than 4 m and the wave speed is
only reduced by 3% in 2 m of water. Therefore, the effect of the dredging on waves can be considered to
negligible.
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Table 5.1: Wave climate at site: Significant wave height against wave direction. Data in parts per thousand.
Wave direction (°N)

Wave height
(m)

0

30

60

90

120

150

180

210

240

270

300

330

H1

H2

P(Hs>H1)

30

60

90

120

150

180

210

240

270

300

330

360

0.0

0.1

0.94309

0

0

9610

3714

2707

1523

1519

3862

19691

90

0

0

0.1

0.2

0.51591

0

0

4856

6747

1596

1745

2884

9803

15886

0

0

0

0.2

0.3

0.08075

0

0

694

1282

343

221

549

2677

1377

0

0

0

0.3

0.4

0.00932

0

0

118

347

11

6

108

156

127

0

0

0

0.4

0.5

0.00061

0

0

13

41

0

0

1

2

4

0

0

0

0

0

153

121

47

35

51

165

371

1

0

0

Total per thousand for each
direction
Source:

HR Wallingford (2005)

Table 5.2: Wave climate at site: Significant wave height against mean zero-crossing wave period. Data in parts per thousand.
Mean zero-crossing wave period (s)

Wave height
(m)

0.0

0.5

1.0

1.5

2.0

2.5

0.5

1.0

1.5

2.0

2.5

3.0

H1

H2

P(Hs>H1)

0.0

0.1

0.94309

0

6399

34780

1539

0

0

0.1

0.2

0.51591

0

0

39178

4333

7

0

0.2

0.3

0.08075

0

0

3781

3345

17

0

0.3

0.4

0.00932

0

0

0

846

25

0

0.4

0.5

0.00061

0

0

0

55

5

0

0

64

777

101

1

0

Total per thousand for each
wave period
Source:

HR Wallingford (2005)
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Table 5.3: Extreme significant wave heights and associated mean wave periods.
Wave direction sector (°N)
Return period
(years)
0.1
1
10
100
1000

60

90

120

150

180

210

240

90

120

150

180

210

240

270

0.32

0.38

0.31

0.26

0.31

0.35

0.37

(1.83s)

(1.76s)

(1.51s)

(1.36s)

(1.44s)

(1.58s)

(1.70s)

0.38

0.47

0.38

0.32

0.37

0.42

0.43

(1.95s)

(1.92s)

(1.64s)

(1.47s)

(1.53s)

(1.69s)

(1.81s)

0.45

0.55

0.45

0.38

0.42

0.48

0.49

(2.08s)

(2.03s)

(1.74s)

(1.55s)

(1.61s)

(1.78s)

(1.90s)

0.49

0.61

0.51

0.42

0.47

0.54

0.55

(2.15s)

(2.13s)

(1.83s)

(1.62s)

(1.68s)

(1.86s)

(1.98s)

0.53

0.68

0.57

0.47

0.51

0.59

0.61

(2.21s)

(2.21s)

(1.90s)

(1.69s)

(1.74s)

(1.93s)

(1.99s)

Key: (s) Corresponding mean wave period for extreme wave height
Source:

HR Wallingford (2005)
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6. Water and sediment quality
6.1. Introduction
Elevated perylene concentrations (up to a maximum of 2250 µg/Kg (ppb)) have been detected in sediments
at Tilbury on the river Thames, London.
Perylene is a Polyaromatic Hydrocarbon (PAH) with five benzene rings, C20H12. There are a number of
PAHs. These compounds are widespread in the environment. They occur in sediments and aquatic systems
from both natural and man-made (anthropogenic) sources and estuary systems can have background
concentrations of these contaminants arising from their natural occurrence. The actual concentrations they
occur at are of importance as this will affect their potential toxicity. In addition, individual PAHs behave
differently, have varying solubility’s and toxicities and therefore pose different risks.
There is a lot of information available on the PAHs in general and some PAHS are much more documented
then others. Typically the standard PAHs that are regulated for under the Water Framework Directive (WFD)
and the 16 PAHs regulated in the USA by its environmental protection agency (EPA) are more frequently
reported. Perylene is not one of these PAHs and is therefore less commonly monitored. The amount of
relevant information specific to this contaminant is limited.
This review focuses on perylene and the limited information available. The review outlines the risks
associated with the presence of perylene in the marine environment and the likelihood of its dispersion
based on its solubility between the sediments, water and biota.

6.2. Review of relevant information
6.2.1.

Occurrence and sources of Perylene

The predominance of perylene over other PAHs in the marine environment has been reported in qualitative
studies and quantitative studies (Venkatesan, 1988). It has a number of proposed and some proven natural
sources (diatoms and diagenetic processes of sediment and sedimentary rock, fungal and insect pigments).
Perylene has possibly two major natural sources, both marine and terrigenous. It also has some
anthropogenic sources related local effluent and atmospheric dry deposition. Perylene is only a minor
component in petroleum, crude oil and coals, relative to other PAHs. However the combustion of fuels is
more important as an anthropogenic source. For example, Perylene occurs in significant amounts relative to
other PAH in emissions from (i) coke production, (ii) heat generation sources employing coal and various
firing methods, (iii) catalyst regeneration flue gas from oil refineries if discharged uncleaned, (iv) stack gases
of municipal incinerators, (v) combustion of kerosene and (vi) coal tar (Venkatesan, 1988).
It is obvious from the available data that perylene is widespread in organic rich soils and sediments.
Perylene precursors are present in terrestrial as well as aquatic and marine organic detritus. To date, the
precursors of perylene have not been identified, although a precursor-product relationship has been
suggested for the transformation of perylene-quinone pigments of fungi and insects (Thomson, 1976, 1979).
It is probably unrealistic to believe that fungal and insect pigments can be the sole source of perylene
precursor to generate perylene levels as high as 4000 ppb (µg/Kg) in the sediments (Venkatesa, 1988). A
credible diagenetic origin is also hypothesised by Opuene et. al., (2007).
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High perylene concentrations are observed in diatomaceous sediments in marine and lacustrine
environments, indicating diatoms as potential precursors of perylene. However, the available data are not
informative enough to determine (a) the precise role of diatoms in the adsorption or entrapment of perylene
which is probably later diagenetically released or (b) whether perylene is produced from diatoms by bacterial
alteration.
Venkatesa (1988) reports favourable environments for the formation and/or preservation of perylene are (a)
anoxic marine environments and terrigenous peaty (bog) deposits and lakes which have fast sedimentation
rates, (b) aquatic or marine regions with high biological productivity (especially rich in diatoms) such as in
upwelling zones, estuaries or lakes and (c) trenches with old and dysaerobic (limited oxygen available) or
anaerobic (lacking oxygen) bottom waters.
When perylene is detected in sediments, it is reported to be more prevalent and at higher concentrations at
depth and in anoxic (oxygen depleted) sediments compared to oxic (measurable oxygen) surface sediments.
Indeed, perylene is considered to be a paleoenvironment marker for early sedimentary anoxia (Tan and Heit,
1981, among others).
Most information in the literature exists, however, for freshwater systems but Venkatesan (1988) references
background concentrations in marine sediments of 10ppb (µg/Kg) and concentrations of up to 2 to 4ppm
(mg/Kg, or 2000 to 4000 µg/Kg) in the Yarra River Estuary in Melbourne, Australia (Bagg et al, 1981).
Amounts as high as 2-4 ppm have been detected in Saanich inlet, Canada (Aizenshtat, 1973) and the Yarra
River estuary, Australia (Bagg et al., 1981).

6.2.2.

Occurrence and sources of perylene at Tilbury

Figure 6.1: Area i) High total hydrocarbon, some perylene (2017-MO-BH01_0.00-0.50)
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Figure 6.2: Area i) High total hydrocarbon, perylene dominates (217-MO-RBS08_0.00-0.30)
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Figure 6.3: Area i) Highest perylene recorded (2017-MO-BH03_3)

Figure 6.4: Area ii) High total hydrocarbon and PAHs (217-MO-RBS08_0.00-0.30)
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The Pie charts above for two samples from area ii that recorded high total hydrocarbons shows the
percentage of individual PAHs present. It can be seen that Benzo[b]fluoranthene, Fluoranthene and Pyrene,
but not perylene dominate the percentage of PAHs found at one site. Whereas another sample from area ii
shows perylene dominate alongside with phenathrene and naphthalene and fluorene dominate the
percentage of PAHs found at this site.
However, the Pie chart at the location in area ii, where the maximum perylene concentration of 2250 µg/Kg (
ppb) was reported clearly shows this contaminant masks any other PAH present. It is worth noting that at this
site the total hydrocarbon concentration was not high.
It seems that the samples with high total hydrocarbons present are not necessarily the same as those with
high perylene.
Indeed the Pie chart for a sample from area ii which had high total hydrocarbon concentrations and a
number of PAHs present at elevated concentrations shows that perylene at this location is not high. This
may indicate that there are different sources of PAHs in the area sampled and it is worth considering this
locally contaminated area separately from the perylene assessment.
It is known that certain ratios of different PAHs can be indicative of a major pyrolitic contribution (e.g. fossil
fuels such as coal). If the following ratios of individual PAH concentrations at different locations across the
sample areas are calculated the following can be reported;
1. Phenanthrene/Anthracene <10 indicates a pyrolitic source (value of 1.5 and 8.2, for Area i (2017-MORBS02_0) and ii (217-MO-RBS08_0.00-0.30) respectively);
2. Fluoranthene/pyrene >1 indicates a pyrolitic source (value of 1.4 and 1.2, for Area i and ii respectively);
3. Benzo(a)anthracene/ Chrysene >0.9 indicates a pyrolitic source (value of 1.4 and 0.7, for Area i and ii
respectively).
These ratios have been used in the literature as indicators of the source of PAHs and do not clearly support
coal as likely to be responsible for contamination of perylene across this site but may show that locally in one
part of area ii coal may be responsible for the number of PAHs detected. This supports that more than one
source of PAHs is likely to be occurring in the area.
However, more evidence is not available and the source of perylene at Tilbury is not known, to date and it is
not possible from the literature and information available to comment further.

6.2.3.

Physical properties of Perylene including solubility

Existing data
Some information for perylene has been found from research journals and chemical data sheets available on
the internet. These are given below in context with other PAHs which are monitored more frequently.
PAHs have 2-6 molecule rings and molecular weights of 128-278 g/mol. The molecular weight of perylene is
252g/mol making it one of the heavier and larger PAHs. It has 5 molecule rings.
This review is interested in the risk of perylene entering the water phase and its behaviour between the
sediment, water and biota. Solubility and vapour pressure characteristics of PAHs are the major physicochemical factors that control their distribution between the soluble and particulate components of the
atmosphere, hydrosphere and biosphere. Solubility values range from highly insoluble (benzo[g,h,i]perylene
is 0.003 mg/L) to slightly soluble (naphthalene at 31 mg/L). The solubility of perylene at 20-25 deg C (mg/L)
is reported as 0.000131 mg/L, meaning it is highly insoluble.
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PAH vapour pressures range from highly volatile (naphthalene) to relatively non-volatile
(benzo[g,h,i]perylene).
The PAHs range from moderately to highly lipophilic having logarithmic octanol-water partition coefficients
(log Kow) of 3.37 -6.75. A range of values for perylene are 6.031 (calculated using 2 carbon model), 6.135
(freshwater), 6.25 to 6.704. Perylene is highly lipophilic.
Sorption coefficient for perylene (Log L/Kg) Koc 6.59.
Adsorption and sequestration to sediments
Approaches to modelling PAH adsorption and sequestration in marine sediments exist (Brion and Peletier,
2005) but do not offer information for perylene. In many reports and papers perylene is not included as it is
not as regulated as other PAHs, as mentioned previously.

6.2.4.

Persistence in the marine environment

Perylene has high persistence in the marine environment in anoxic sediments. Perylene has natural origins,
and may be involved in part of the diagenetic processes occurring.

6.2.5.

Bioconcentration and bioaccumulation

The perylene Log BCF is reported as 1.196-4.36 and the likelihood of bioaccumulation as low. This value
may warrant further investigated as both the Kow and Koc values given above would indicate a potential to
bioaccumulate/ bioconcentrate, as lipophilic compounds generally do bioaccumulate. It is suggested that
perylene might be metabolise by some biota and not bioaccumulate as a result.

6.2.6.

2.5 Potential toxicity information

Relevant data
Humans
It is understood that Perylene is not a designated hazardous substance under UK legislation.
Perylene is considered a hazardous substance elsewhere.
Chemwatch hazard rating – acute and chronic toxicity is moderate.
Biota - water concentrations
Some toxicity information is given of for perylene from the USA, albeit for a freshwater system is:
Toxicity Fish: LC50(96)1.1-5 µg/L
Toxicity invertebrate: LC50 (96)0.39-7033 µg/L
It is reported that uptake by plants occurs for more soluble PAHs, while the uptake by invertebrates is higher
for lower solubility PAHs. Perylene is a lower solubility PAH.
Research with a variety of aquatic species has shown that while polycyclic aromatic hydrocarbons (PAHs)
are generally not acutely toxic in conventional laboratory tests, many are extremely toxic in the presence of
sunlight. Evidence suggests perylene is one of them.

DDR5733-RT001-R05-00

83

Port of Tilbury Expansion
Hydrodynamic and sediment study

Oris and Giesy (1987) found some differences in photo-induced toxicity between fish larvae and
zooplankton. While all of the PAHs that were toxic to fish were toxic to D. magna, three of the chemicals that
were not toxic to fish (benzo[e]pyrene, perylene, and dibenzo [a, h] anthracene) were toxic to D. magna.
QSARs for Polycyclic Aromatic Hydrocarbons, including perylene, to Daphnia magna are reported
(Mekenyan et. al., 1993).
A paper looking at the concentrations of perylene from 2µg/L to 110mg/L in water reported that even small
concentrations can have deleterious effects on reproduction (Cunha et. al., 2008 paper).
Biota - sediment concentrations
Longworthy et. al., (1998) shows that the structure of the microbial community in sediments can be altered
due to the occurrence of perylene.
Equilibrium partitioning sediment benchmarks (ESBs) are derived by the USEPA for the protection of benthic
organisms and are based on the bioavailable concentrations of contaminants in sediments. When a chemical
exceeds the ESB an adverse biological effect may occur. There is no ESB for perylene in the UK. The UK
have an alternative system involving Environmental Quality Standard (EQS). However, there is no EQS
value for perylene in the UK.
Partition coefficients and interstitial water
Interstitial water concentrations become important and possibly better indicators of potential risk then their
Equilibrium partitioning sediment benchmarks (ESBs). Partition coefficients always have an error of
uncertainty. And finding a coefficient which represents the system under investigation is difficult. Sediment
type, organic content, lipid content and ionic strength all play a role and will vary from location to location,
over depth in sediments and if disturbed over time.

6.3. Discussion on relevance to Tilbury Docks
The concentrations of perylene recorded in the project sediments from Tilbury are high and are widespread
throughout the sample area. However, marine sediment concentrations of this magnitude have been
reported at other locations. It is also known that perylene exists in sediments from other parts of the Thames
at these orders of magnitude.
The source of the perylene in the sediments at Tilbury is not known from the information available. However,
one location in area ii displayed elevated concentrations for a number of PAHs that may be localised
contamination from coal. The perylene concentrations at that location are not elevated and the widespread
contamination by perylene across the sampled area does not seem to be associated with this PAH “hot spot”
and will, therefore, be considered separately.
Perylene is insoluble and lipophilic supported by its Kow and Koc values. Perylene will remain largely on the
sediments and mostly in the silt, clay, organic particulates and lipid factions. The concentrations of perylene
in the sediments are significantly higher, orders of magnitude higher, than in water. The distribution and
transport of perylene is therefore likely to follow the sediment transport as it is attached to the carbons in the
sediments.
When dredging and disturbing the sediments, it is important to understand whether perylene will enter the
water at levels of significance. It is noted that dredging, however, can change the physico-chemical
properties of the sediment and anoxic (oxygen lacking) sediments may become oxic (oxygen available). The
behaviour of perylene when the sediments become oxic is uncertain but unlike some metal contaminants, no
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evidence exists to show that perylene would enter the water column because of this change in sediment
conditions. It is expected that the perylene will remain on the sediments due to its physical properties as
mentioned above.
From the information available, and the partition coefficients found in the literature and reported, on
dredging, perylene will be primarily transported and distributed with the sediments and follow the dredging
plume. It is therefore considered that, when assessing any disturbance of the Tilbury sediments, it is
appropriate to adopt the concept that the perylene remains on the sediment and is not likely to enter the
water. Any perylene present in the water column will remain attached to the suspended sediments. Perylene
loads can then be calculated alongside any sedimentation loading rather than undertaking uncertain, and for
this contaminant unnecessary, partition coefficient modelling.
There is no EQS value for perylene in the UK. EQS values exist in the UK and Europe for other 5 to 6 ring
PAHs, including benzo[g,h,i]perylene. (PAH 5-6 rings dossier, 2011). How these may be of use to determine
the relevance of the perylene concentrations from the information available is not known. The EQS in water
-4
for benzo [g, h, i] perylene is 8.2x10 µg/l as a maximum allowable concentration (MAC) and benzopyrene
is often used “as a marker” to establish compliance with the benzo[g,h,i]perylene annual average (AA), and
-4
the benzopyrene AA is 1.7x10 µg/L. The water data given, reported many samples as <0.01 µg/L. This
means that the limits of detection for many of the results are too high to establish whether, if any AA
threshold value similar to benzopyrene was used, perylene has breached (or not) at that specific point in
time for that sample.
This assessment comes down to a very difficult and complex chemical argument about how much perylene,
if any, dissociates from the sediments and enters the water column when the material is disturbed, how long
it remains there, and whether it does more damage in the aqueous phase than it does bound to the
sediment. It is likely that as perylene concentrations are widespread in the sediments the water column will
always be at risk, with or without dredging, due to tidal action, currents and wave action. However, no
regulations exist for the UK for perylene to inform this assessment.
No data on toxicity of perylene is available that is specifically for this marine environment. However some
toxicity information of relevance to the aquatic system is given for perylene above. It is noted that acute
toxicity test on perylene in the laboratory have shown no toxicity while similar concentrations in the
environment have shown some toxicity in the presence of sunlight. The significance of any potential photoinduced toxicity is not known but it is unlikely to be of concern as the penetration of sunlight through the
water column to the sediment bed is expected to be low.
In conclusion, this report assesses the available information and presents where we are in our understanding
of the risk, if any, of perylene in the sediments sampled. Given that 1) the perylene detected in these
sediment samples is reported at concentrations of the same order of magnitude in other marine sediment
(noting the one sample with very high concentrations of perylene alongside other PAHs); 2) the view
presented from the literature that the source of perylene can be both natural and anthropogenic but for this
location is unknown; 3) the physical properties of perylene determine it is likely to remain on the sediment;
and 4) no toxic effects from perylene have been reported for this system to date; then, on the balance of
evidence, the risks to the water column and associated biota are likely to be very low.

6.4. Model results
The sediment release modelling has been used to demonstrate the effect of the resuspension of perylene
bound to the fine sediment dredged. As described above it is assumed the contaminant stays adsorbed onto
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the sediment – a worst case assumption for sediment quality. Figure 6.5 shows the maximum concentration
of perylene attached to sediment suspended in the water column. In this case the average observed
concentration of perylene of 400 µg/kg has been combined with the ebb tide WID sediment release case to
provide a likely worst case for perylene in the water column. The value used is the average of all the
samples, including the single high value of more than 2,000 µg/kg – without this value the mean value would
be approximately 350 µg/kg. As the sample with the highest perylene value included other PAHs with high
values it is intended that this material be removed by other means with less sediment dispersion (e.g.
backhoe) and taken to a licensed contaminated sediment treatment site.
Use of the maximum concentration provides a view of the full footprint of potential effect. For reference the
edge of the intertidal areas is indicated on the plot. Other than in the immediate vicinity of the dredge no
concentration of perylene greater than 0.05 µg/l is shown on the intertidal areas. This is a consequence of
the WID operation which introduces the sediment into the lower half of the water column with less risk of
material getting onto intertidal areas.
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Figure 6.5: Maximum concentration of perylene in the water column for the material dredged by WID

7. Assessment and conclusions
7.1. Hydrodynamics
The data obtained from this study provides sufficient evidence to suggest that the introduction of the
proposed works will only have a comparatively local impact upon the flow conditions and that they will not
affect the overall hydrodynamic regime of the Thames Estuary. However, locally the predicted changes to
the magnitude of the flow strength in the vicinity of the proposed works are likely to affect the distribution of
bed sediments and the potential for zones of accretion to occur especially in the berthing areas.

7.2. Sedimentation
The proposed development will have a minor and local effect on the sediment regime of the Thames
Estuary. Dredging the berth pocket to depths several metres below the natural regime depth in an area
which is known to be sensitive to sedimentation has been shown to lead to the dredged areas being subject
3
to ingress of sediment. The predicted infill rates for the dredged berth pockets are up to 100,000 m annually
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with the bulk of the material fine silty sediment. Whilst this total is a maximum assuming the berth is
maintained at its target depth and is likely to be reduced by vessel occupancy, regular maintenance dredging
should be expected, in particular at the eastern end of the bulk berth. Although the site appears suitable for
the use of water injection/agitation dredging to maintain the fine silty material (see below) a need for
occasional removal of sandy material accumulating in the berth pockets is also present.
Additionally, dredging of the berth to the proposed depth may challenge the integrity of adjacent side slopes
(dredged or intertidal) – the proposed piling will help but this will have to be carefully designed to minimise
adverse impacts. Knowledge of the strength of and the material composition of the bed sediments is required
so that this issue can be further addressed.

7.3. Construction effects
3

The relatively small volume of capital dredging required (~100,000 m ) and the anticipated mix of bed
material as shown by the borehole data suggests that a backhoe dredger could be used working
continuously loading material into a fleet of barges assuming a backhoe of sufficient reach is available.
Alternatively the overlying soft silts and finer sands found in the boreholes could be removed by water
injection dredging (WID) with any stronger or coarser sediment found at depth removed by backhoe.
The releases of sediment from both backhoe dredging and WID have been considered to demonstrate the
potential effects of a range of dredging methodologies. Sediment release from methods such as use of a
cutter suction dredger (loading into barges) or trailer hopper dredger would be in the range between the two
methods modelled.

7.3.1.

Backhoe

Due to the extremely low sediment release rate of this dredging method compared to the high ambient
suspended sediment concentrations in the area any effect of the sediment released by the dredging is
considered negligible.

7.3.2.

WID

The worst case simulation of continuous WID showed an area 15 km either side of the dredging which will
experience an increase in maximum suspended sediment concentration greater than 20 mg/l. Maximum
increases of greater magnitude, up to 200 mg/l, are limited to an area within 2 km of the dredge. The time
series results show that these increases are very transient. The effect of the dredging in raising the average
suspended sediment concentration is limited to the immediate area of the dredge.
A consequence of the WID methodology is that the sediment plume is mostly confined to the subtidal areas
with limited increase in suspended sediment concentration or sediment accumulation on the intertidal areas.
Accumulation depths of the order of 1-2 mm are predicted widely in the subtidal channel due to 2 weeks of
WID. Larger accumulation depths, greater than 10 mm can occur in small areas however only areas of
channel with a consistent pattern of accumulation greater than 10mm are within 5 km of the dredge site.
The simulations have shown that the landward extent of any influence of the dredging can be significantly
limited by dredging being restricted to the ebb tide.
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7.3.3.

Comparison with estuarine sediment budget

The dredging is taking place within a dynamic estuarine sediment regime. Baugh et al (2013) report a
reappraisal of the fine sediment regime of the Thames Estuary undertaken with reference to new
observations of suspended sediment concentrations and collated morphological change data. The inclusion
of morphological change into the fine sediment budget removed the discrepancy between sediment inputs
and outputs to the Thames Estuary that was hitherto assumed to be proof of large amounts of sediment
coming into the Thames from marine sources. The sediment budget is tabulated below.
Table 7.1: Estimated average sediment budget over the period 1970 to 1990, landward of Shell haven
Contributing factor

Mass (Tons dry solids / year)

Inputs
Fluvial input (Thames + tributaries)
Sewage effluent

170,000
42,000 (est. average over the period)

Storm sewage

13,000

Sewage sludge

0

Industrial discharges

3,000

Morphological change (erosion +ve)

-120,000

Total inputs

108,000

Outputs
Maintenance Dredging
(net placed outside system)
Decomposition of sewage

95,000
24,000

Total outputs

119,000

Net difference

-11,000 +/- 70,000

Source:

Baugh et al (2013)

The material to be dredged is a mix of surficial fine sediment overlying sand and gravel making up a total
3
volume of up to 113,000 m . The exact proportion of fine sediment to be removed during the dredging is not
finalised so for the purpose of this assessment it is assumed half of the material to be dredged is fine
3
3
sediment (56,500 m ) with a typical dry density of 0.75 T/m . In this case the total sediment mass either
released by the WID dredging or removed from the system by backhoe dredging is approximately 40,000
Tons. By comparison with the table above it can be seen that this total mass released into the water column
in the area landward of Shell haven by the use of WID or potentially removed from the system by backhoe
dredging is within the variability identified in the annual sediment budget of +/-70,000 Tons/year and
therefore the dredging will not change the fine sediment budget of the Thames Estuary outside observed
natural variability.
DDR5733-RT001-R05-00

89

Port of Tilbury Expansion
Hydrodynamic and sediment study

7.4. Water and sediment quality
A review of the properties of perylene has shown it has extremely low solubility and is therefore unlikely to
result in a water quality impact. An assessment of the dispersion of perylene adsorbed onto the sediment
released during the dredge has, in general, shown very low concentrations and very low risk of
contamination depositing on to the intertidal areas.

7.5. Maintenance dredging effects
The sedimentation study has shown a risk of fine sediment accumulation in the dredged berths. WID is a
suitable method for maintain the berth depth. It is also preferable environmentally as it avoids the removal of
sediment from the estuary system. The modelling and results for WID presented for the construction effects
section assume a high fine sediment content in the material dredged as would be expected for maintenance
dredging and therefore the predicted effects of maintenance dredging can be anticipated as similar to those
3
for the capital dredging. The dredge rate assumed a removal of up to 5,000 m per day of sediment so the
predicted infill could be removed in 20 days or three, one week campaigns.
It is more likely that dredging by WID will be limited to ebb only. Elsewhere on the tidal Thames WID is
undertaken from an hour before high water to 4 hours after high water to minimise the landward extent of
any effect. Assuming 2 tides of dredging with 5 hours of dredging undertaken in each suggests a sediment
3
removal rate of slightly over 2,000 m per day. In this scenario the maintenance could be done in four, 2
week dredging campaigns as modelled.
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Appendix
A. Time series results for baseline and scenario

Figure A.1: Time history at Point 1

Figure A.2: Time history at Point 2
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Figure A.3: Time history at Point 3

Figure A.4: Time history at Point 4
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Figure A.5: Time history at Point 5

Figure A.6: Time history at Point 6
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Figure A.7: Time history at Point 1, sensitivity test with vessels

Figure A.8: Time history at Point 2, sensitivity test with vessels
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Figure A.9: Time history at Point 3, sensitivity test with vessels

Figure A.10: Time history at Point 4, sensitivity test with vessels
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Figure A.11: Time history at Point 5, sensitivity test with vessels

Figure A.12:Time history at Point 6, sensitivity test with vessels
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