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MONOPILE
FOUNDATION
SUSPENDED
SEDIMENT
CONCENTRATION AND DEPOSITION ASSESSMENT

1.1

Introduction

1.1.1

This clarification note has been prepared in support of an application for a
Development Consent Order (DCO) to the Secretary of State under the Planning
Act 2008 (‘the Application’). The Application has been made by SMart Wind Ltd
on behalf of Optimus Wind Ltd and Breesea Ltd (the ‘Applicant’) for the Hornsea
Project Two Offshore Wind Farm (‘the Project’).

1.1.2

The Application was accepted by PINS (on behalf of the Secretary of State) for
examination on 19 February 2015. As part of the acceptance correspondence,
PINS identified a number of minor discrepancies between the Draft DCO and
Environmental Statement submitted as part of the Application for Development
Consent in January 2015. Section 51 advice recommended that the Applicant
undertake a review of the DCO (PINS Document Reference: 3.1), Project
Description (Volume 1, Chapter 3; PINS Document Reference 7.1.3) and worst
case parameters assessed within Volume 2 and Volume 3 of the Environmental
Statement.

1.1.3

During this review a discrepancy was noted between the Project Description
(Volume 1, Chapter 3; PINS Document Reference 7.1.3) and the maximum
number of monopile foundations assessed within the Marine Processes (Volume
2, Chapter 1; PINS Document Reference 7.2.1 and Volume 5, Annex 5.1.4; PINS
Document Reference 7.5.1.4), Benthic Subtidal and Intertidal Ecology (Volume
2, Chapter 2; PINS Document Reference 7.2.2), Fish and Shellfish Ecology
(Volume 2, Chapter 3; PINS Document Reference 7.2.3), Marine Mammal
(Volume 2, Chapter 4; PINS Document Reference 7.2.4) and Infrastructure and
Other Users (Volume 2, Chapter 11; PINS Document Reference 7.2.11)
Chapters.

1.1.4

The plume dispersion modelling for monopile drilling was carried out for the
Project based on the layout of the largest monopile foundations at the time (120,
10 m diameter 15 MW turbines). However, after the plume dispersion modelling
study (Volume 5, Annex 5.1.4; PINS Document Reference 7.5.1.4) had been
carried out, there was a change to the Project Description. The Project
Description submitted to PINS on January 2015 states that, based on SMart
Wind’s conceptual design studies, monopile foundations will only be used for
turbines up to 8 MW in capacity (and not 15 MW as assumed for the plume
dispersion modelling). The maximum pile diameter (10 m) is the same for both
8 MW and 15 MW turbines. However in order to generate the maximum
1,800 MW capacity of the project the maximum number of turbines increased
from 120, 15 MW turbines to 225 8 MW turbines.
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1.1.5

The Marine Processes, Benthic Subtidal and Intertidal Ecology, Fish and
Shellfish Ecology, Marine Mammal, Infrastructure and Other Users Chapters
submitted to PINS on 30 January 2015 assessed the effect of an increase in
suspended sediment concentration and associated sediment deposition during
the construction phase from the installation of 120 15 MW capacity monopiles
(with a maximum diameter of 10 m), and not 225 8 MW capacity monopiles (with
a maximum diameter of 10 m) quoted in the Project Description, in the following
assessments:
▪

Marine Processes (Volume 2, Chapter 1; PINS Document Reference 7.2.1):



▪

Benthic Subtidal and Intertidal Ecology (Volume 2, Chapter 2; PINS
Document Reference 7.2.2):




▪





Increased suspended sediment concentrations as a result of
foundation installation, cable installation and seabed preparation
resulting in potential effects on fish and shellfish receptors (paragraphs
3.6.72 to 3.6.96);
Sediment deposition as a result of foundation installation, cable
installation and seabed preparation resulting in potential effects on fish
and shellfish receptors (paragraphs 3.6.97 to 3.6.112); and
Seabed disturbances leading to the release of sediment contaminants,
resulting in potential effects on fish and shellfish ecology (paragraphs
3.6.138 to 3.6.153).

Marine Mammals (Volume 2, Chapter 4; PINS Document Reference 7.2.4):


▪

Temporary increases in suspended sediment concentrations and
associated sediment deposition from cable and foundation installation
and seabed preparation during the construction phase may affect
benthic ecology (paragraphs 2.6.54 to 2.6.96) ; and
Seabed disturbances leading to the release of sediment contaminants
and resulting in potential effects on benthic ecology (paragraphs 2.6.97
to 2.6.114).

Fish and Shellfish Ecology (Volume 2, Chapter 3; PINS Document
Reference 7.2.3):


▪

Potential for disposal of drill arisings during installation of monopile
foundations to increase suspended sediment concentrations (SSC)
within the water column (paragraphs 1.6.14 to 1.6.36); and
Disposal of drill arisings during installation of monopile foundations will
deposit material on the seabed (paragraphs 1.6.37 to 1.6.48).

Increased suspended sediments may impair the foraging ability of
marine mammals (paragraphs 4.6.279 to 4.6.288).

Infrastructure and Other Users (Volume 2, Chapter 11; PINS Document
Reference 7.2.11):
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Installation of wind turbines, associated offshore infrastructure and
cables, has the potential to lead to increased suspended sediment
concentrations and deposition, which could cause a change in
aggregate resource in aggregate extraction areas (paragraphs 11.6.82
to 11.6.90).

1.1.6

This note is intended to correct worst case parameters which were incorrectly
stated within the Marine Processes, and subsequently, Benthic Subtidal and
Intertidal Ecology, Fish and Shellfish Ecology, Marine Mammal and Infrastructure
and Other Users chapters of the ES and to consider any implications for the
assessments carried out. The parameters were correctly stated within the Project
Description submitted to PINS on 30 January 2015.

1.2

Monopile Foundations

1.2.1

A monopile foundation (see Figure 1.1) comprises a large diameter steel or
concrete tube (pile) driven vertically into the seabed. Typically a transition piece
is installed on top of the pile to provide a level stable platform to support the
weight of the tower and Wind Turbine Generator (WTG).

1.2.2

The Project Description states that there would be up to 225 8 MW monopiles,
with a maximum diameter of 10 m and a maximum seabed penetration depth of
49 m (Table 3.6 in Volume 1, Chapter 3; PINS Document Reference 7.1.3). The
Marine Processes chapter (Volume 2, Chapter 1; PINS Document Reference
7.2.1) modelled a maximum seabed penetration depth of 49 m due to a minor
change to the Project Description after the modelling study had commenced. As
the modelled depth of 50 m (and therefore volume of sediment) is slightly greater
than the correct maximum depth of 49 m given in the Project Description
(Volume 1, Chapter 3; PINS Document Reference 7.1.3), the assessment
presented in the Marine Processes chapter (Volume 2, Chapter 1; PINS
Document Reference 7.2.1) is considered conservative.

1.2.3

As the maximum diameter assumed 15 MW turbines is the same as for the
8 MW turbines and the seabed penetration depths assumed for the 15 MW
turbines are a more conservative estimate than those for the 8 MW turbines, the
only change that this clarification note considers is an increase in the maximum
number of turbines from 120 to 225 and the additional suspended sediment
concentrations and sediment deposition predicted to arise from drilling to install
these structures.
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Figure 1.1

1.3

Schematic of monopile design (reproduced from Figure 3.7 in Volume 1,
Chapter 3: Project Description PINS Document Reference 7.1.3).

Marine Processes
Potential for disposal of drill arisings during installation of monopile
foundations to increase suspended sediment concentration (SSC) within
the water column

1.3.1

As presented in paragraph 1.6.14 onwards in the Marine Processes chapter
(Volume 2, Chapter 1; PINS Document Reference 7.2.1), it is expected that
monopiles will be driven into the seabed using a hydraulic hammer. If piling
alone fails to install the piles to full depth, then a combination of piling and drilling
will be used. The assumption that all monopile foundations will require full-drill
out is, therefore, very unlikely, and represents a conservative worst case
scenario.
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1.3.2

The maximum volume of sediment that would be released per monopile during
drilling operations is 3,848 m3 (see Table 3.6 in the Project Description Volume 1,
Chapter 3; PINS Document Ref 7.1.3) which is based on 10 m diameter
monopiles drilled to a depth of 49 m(1). The worst case is represented through
release of drill arisings at the sea surface.

1.3.3

Numerical plume dispersion modelling was carried out to simulate the fate of the
dispersed fine material fractions (silt and clay (< 63 μm in diameter) and fine
sand (63 μm < diameter < 250 μm)) using the SEDPLUME-RW model developed
by HR Wallingford. Full details of the plume dispersion modelling are provided in
Annex 5.1.4: Plume Dispersion Modelling (Volume 5, Annex 5.1.4; PINS
Document Reference 7.5.1.4).

1.3.4

The plume dispersion modelling for monopile drilling was carried out based on
the layout of the largest monopile foundations at that time (120, 10 m diameter
15 MW turbines). As discussed in paragraph 1.1.4, after the plume dispersion
modelling study had been carried out, there was a change to the Project
Description: Table 3.6 was revised based on SMart Wind’s conceptual design
studies to assume that monopile foundations will only be used for turbines up to
8 MW capacity. The maximum pile diameter (10 m) is the same for both 8 MW
and 15 MW turbines. However, the maximum number of turbines increased from
120 (for the 15 MW capacity turbine) to 225 (for the 8 MW capacity turbine).

1.3.5

As paragraph 1.6.28 of the Marine Processes chapter (Volume 2, Chapter 1;
PINS Document Reference 7.2.1) describes, the modelling found that for each
individual monopile drilling operation, increases in SSC above background levels
are predicted to be localised and short-lived. Figure 1.20 in the Marine
Processes chapter (Volume 2, Chapter 1; PINS Document Reference 7.2.1) is a
time-series graph of increases in SSC above background levels at six chosen
locations within the plume for a period of 40 hours after drilling commences, and
shows that the ‘spikes’ of increased SSC are predicted to be very short lived,
lasting between 1 and 3 hours. Between approximately 8 hours and 17 hours
(end of drilling) minimal increases in SSC are observed. The time series graph
demonstrates that at any chosen location, the increases in SSC resulting from
the drilling activity are predicted to last for only a few hours (at most) at a time.

1

3,848 m3 per turbine is slightly less than the maximum volume of 3,927 m3 per turbine that was assumed
for the plume dispersion modelling and assessed in the Marine Processes chapter. This is the result of the
minor change to the maximum drill depth quoted in the Project Description after the modelling study had
commenced as discussed in paragraph 1.2.2. As the modelled volume is greater than the maximum volume
given in Table 3.6 of the Project Description (Volume 1, Chapter 3; PINS Document Reference 7.1.3), this is
considered to be a conservative assessment.
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1.3.6

The plume dispersion modelling study (Annex 5.1.4; PINS Document Ref
7.5.1.4) also considered the cumulative effects of two adjacent monopile
foundations being installed concurrently (see paragraph 1.6.30 onwards in the
Marine Processes chapter (Volume 2, Chapter 1; PINS Document Reference
7.2.1)). As for the individual monopile drilling operation, a time series graph was
produced showing the predicted increases in SSC above background levels at
six chosen locations within the plume for two concurrent drilling operations (see
Figure 1.21 in the Marine Processes chapter). Again, the ‘spikes’ of increased
SSC were predicted to be very short lived, lasting between one and three hours.

1.3.7

The plume dispersion modelling demonstrated that the increases in SSC
resulting from two adjacent concurrent drilling operations are predicted to be
short-lived, returning to background levels within a few hours of the drilling
activity ceasing. As a result, any increases in SSC generated by two adjacent
monopile foundations being installed concurrently are predicted to return to
background levels before the next drilling operation commences. There are,
therefore, no cumulative effects predicted from successive drilling operations and
so the increase in the total number of turbines from 120 to 225 does not affect
the conclusions of the Marine Processes Chapter (Volume 2, Chapter 1; PINS
Document Reference 7.2.1).
Disposal of drill arisings during installation of monopile foundations will
deposit material on the seabed

1.3.8

As described in paragraph 1.6.41 of the Marine Processes chapter (Volume 2,
Chapter 1; PINS Document Reference 7.2.1), a maximum of 3,848 m3 of
sediment will be released per monopile drilling operation. The borehole data that
was used to inform the plume dispersion modelling indicates that the sediment
has a relatively high percentage of silt and fine sand (see Table 4.4 in Volume 5,
Annex 5.1.4: Plume Dispersion Modelling; PINS Document Reference 7.5.1.4)
that will disperse, as described above. A limited volume of granular material will
deposit on the seabed in close proximity to the monopile, which is not anticipated
to form a mound of a size that would affect marine processes, either within the
array or outside of it. In the context of the greater blockage effects that will be
caused by the presence of the turbines themselves, there are not anticipated to
be any discernible effects on marine processes resulting from mounds formed by
drill arisings.

1.3.9

As described in paragraph 1.6.42 of the Marine Processes Chapter (Volume 2,
Chapter 1; PINS Document Reference 7.2.1), it is very difficult to predict how any
mounds that form will behave over time as this will depend on a number of
factors, including the exact nature of the material drilled and the type of drill used
(which will dictate how the material breaks down, which in turn will influence how
easily the material may be subsequently eroded). It is likely that any mounds of
granular material will erode over time, reducing the size of the mounds, but the
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rate at which this occurs is not possible to predict due to uncertainties over the
material and how it will break down during drilling.
1.3.10

Paragraph 1.6.38 onwards of the Marine Processes Chapter (Volume 2, Chapter
1; PINS Document Reference 7.2.1) presents a desk based assessment of the
effects of deposition of granular material on the seabed, and concludes that the
mounds formed will be of a size that would not affect marine processes,
especially in the context of the greater blockage effects that will be caused by the
presence of the turbines. An increase in the number of turbines from 120 to 225
does not affect the assessment as presented in the Marine Processes Chapter
(Volume 2, Chapter 1; PINS Document Reference 7.2.1).

1.4

Benthic, Fish, Marine Mammal and Infrastructure Assessments

1.4.1

Table 1.1 below provides an update to the Benthic Subtidal and Intertidal
Ecology, Fish and Shellfish Ecology, Marine Mammal and Infrastructure and
Other Users assessments to take account of the revised suspended sediment
concentration and associated deposition assessment presented in Section 1.3
above.
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Table 1.1

Chapter

Benthic
Subtidal and
Intertidal
Ecology
(Volume 2,
Chapter 2;
PINS
Document
Reference
7.2.2)

Benthic Subtidal and Intertidal Ecology, Fish and Shellfish Ecology, Marine Mammal and Infrastructure and Other
Users assessments.

Assessment

Temporary
increases in
suspended
sediment
concentrations and
associated
sediment
deposition from
cable and
foundation
installation and
seabed preparation
during the
construction phase
may affect benthic
ecology.

Sensitivity
Magnitude
Significance
of
Justification
of Impact
of Effect
Receptor

Low

Low to
medium

Minor
adverse
and not
significant
in EIA
terms
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The additional increases in SSCs for 225 8 MW
foundations compared to 120 will be intermittent over
the construction phase and of short duration (i.e., less
than three hours). Furthermore, the increases in
SSCs will be largely confined to within Subzone 2 and
will, on the whole, remain within background levels for
this part of the North Sea. The additional deposition of
sediment associated with the drilling will be highly
localised to the immediate vicinity of the drill location
and is anticipated to break down over time. This,
together with the fact that the increases in SSC
generated by each drilling operation are predicted to
return to background levels before the next drilling
operation commences means that there will be no
additive effects on benthic habitats from drilling the
additional turbines. As discussed in paragraphs 2.6.81
et seq. in Volume 2, Chapter 2: Benthic Subtidal and
Intertidal Ecology (PINS Document Reference 7.2.2),
benthic subtidal receptors have low vulnerability and
very high/immediate recoverability to increased SSC
and sediment deposition. Therefore, the conclusions
of the ES remain valid and the significance of effect is
unchanged.

Chapter

Assessment

Seabed
disturbances
leading to the
release of
sediment
contaminants and
resulting in
potential effects on
benthic ecology.

Fish and
Shellfish
Ecology
(Volume 2,
Chapter 3;
PINS
Document
Reference
7.2.3)

Increased
suspended
sediment
concentrations as
a result of
foundation
installation, cable
installation and
seabed preparation
resulting in
potential effects on
fish and shellfish
receptors.

Sensitivity
Magnitude
Significance
of
Justification
of Impact
of Effect
Receptor

Negligible

Low

Low

Low

Negligible
and not
significant
in EIA
terms

The ES concluded that subtidal sediment
contamination within Subzone 2 was generally at
levels that would not be of concern to the marine
environment (paragraphs 2.5.24 to 2.5.29 of Volume
2, Chapter 2; PINS Document Reference 7.2.2). This,
together with the fact that any additional suspended
sediment-bound contaminants, such as arsenic, are
likely to be rapidly diluted and dispersed with the tide
and/or currents (paragraph 2.6.99 of Volume 2,
Chapter 2; PINS Document Reference 7.2.2) means
that additive effects on benthic habitats from drilling
the additional turbines are not expected and so the
conclusions of the ES remain valid and the
significance of effect is unchanged.

Minor
adverse
and not
significant
in EIA
terms

The additional increases in SSCs for 225 8 MW
foundations compared to the 120 assessed will be
intermittent over the construction phase and of short
duration with SSCs returning rapidly to background
levels between drilling events. Therefore, the increase
is considered to be small and will temporarily affect a
relatively small proportion of the fish and shellfish
habitats in the southern North Sea fish and shellfish
study area. Furthermore, most fish and shellfish
receptors are predicted to have some degree of
tolerance to this impact. Therefore, the conclusions of
the ES remain valid and the significance of effect is
unchanged.
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Chapter

Assessment

Sediment
deposition as a
result of foundation
installation, cable
installation and
seabed preparation
resulting in
potential effects on
fish and shellfish
receptors.

Seabed
disturbances
leading to the
release of
sediment
contaminants,
resulting in
potential effects on
fish and shellfish
ecology.

Sensitivity
Magnitude
Significance
of
Justification
of Impact
of Effect
Receptor

Low

Low

Low to
medium

Low to
medium

Minor
adverse
and not
significant
in EIA
terms

The additional sediment deposition associated with
225 8 MW turbines may smother fish eggs, affecting
their survival and development;. As the additional
deposition associated with drilling is predicted to be
highly localised to the drill location, the increase in
spawning habitat which may be affected is considered
to be small in the context of the availability of these
habitats in the wider southern North Sea fish and
shellfish study area. Therefore, the conclusions of the
ES remain valid and the significance of effect is
unchanged.

Minor
adverse
and not
significant
in EIA
terms

The ES concluded that sediment contamination within
Subzone 2 was generally at levels that would not be
of concern to the marine environment (paragraphs
2.5.24 to 2.5.29 of Volume 2, Chapter 2: Benthic
Subtidal and Intertidal Ecology; PINS Document
Reference 7.2.2). Any additional suspended
sediment-bound contaminants are likely to be rapidly
diluted and dispersed with the tide and/or currents
(paragraph 3.6.142 of Volume 2, Chapter 3: Fish and
Shellfish Ecology; PINS Document Reference 7.2.3).
Therefore, the potential additional release of sediment
contaminants associated with the additional drilling for
this number of monopiles, is considered to be
negligible, therefore, the conclusions of the ES remain
valid and the significance of effect is unchanged.
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Chapter

Marine
Mammals
(Volume 2,
Chapter 4;
PINS
Document
Reference
7.2.4)

Assessment

Increased
suspended
sediments may
impair the foraging
ability of marine
mammals.

Sensitivity
Magnitude
Significance
of
Justification
of Impact
of Effect
Receptor

Negligible

Low

Negligible
and not
significant
in EIA
terms
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As discussed in paragraphs 4.6.282 to 4.6.286 of
Volume 2, Chapter 4: Marine Mammals (PINS
Document Reference 7.2.4), in general, marine
mammals use their hearing, instead of sight, as their
primary sense to gain information about their
environment. Therefore, the short term and
intermittent increases in SSCs associated with 225
8 MW turbines are unlikely to alter the magnitude of
the impact on marine mammals. Therefore, the
conclusions of the ES remain valid and the
significance of effect is unchanged.

Chapter

Assessment

Infrastructure
and Other
Users
(Volume 2,
Chapter 11;
PINS
Document
Reference
7.2.11)

Installation of wind
turbines,
associated
offshore
infrastructure and
cables, has the
potential to lead to
increased
suspended
sediment
concentrations and
deposition, which
could cause a
change in
aggregate
resource in
aggregate
extraction areas.

Sensitivity
Magnitude
Significance
of
Justification
of Impact
of Effect
Receptor

Negligible

Medium

Negligible
and not
significant
in EIA
terms
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As discussed in paragraph 11.5.52 of Volume 2,
Chapter 11: Infrastructure and Other Users (PINS
Document Reference 7.2.11, there are no aggregate
sites within Subzone 2. As the additional sediment
deposition associated with the installation of 225
8 MW turbines will be confined to the immediate
vicinity of the turbines and within Subzone 2, there will
be no additional effects on adjacent/nearby aggregate
resources. Therefore, the conclusions of the ES
remain valid and the significance of effect is
unchanged.

1.5

Conclusions

1.5.1

This clarification note has considered the updates to the suspended sediment
concentration and deposition assessments to a number of the Environmental
Statement chapters following the amendments to the numbers of 10 m diameter
monopiles that may require drilling during installation. This is to reflect the
parameters stated within the Project Description submitted to PINS on 30
January 2015. The chapters for which assessments have been reviewed are:
Marine Processes, Benthic Subtidal and Intertidal Ecology, Fish and Shellfish
Ecology, Marine Mammal and Infrastructure and Other Users. This note
demonstrated that the conclusions presented in the relevant ES Chapter
submitted to PINS on 30 January 2015 are still valid and remain unchanged.
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