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1

JACKET FOUNDATION SCOUR 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 the Planning Inspectorate (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 undertakes a review of the DCO (PINS
Document Ref 3.1), Project Description (Volume 1, Chapter 3; PINS Document
Ref 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 jacket
foundation dimensions assessed within the Marine Processes Chapter (Volume
2, Chapter 1; PINS Document Reference 7.2.1 and Volume 5, Annex 5.1.8; PINS
Document Reference 7.5.1.8) and subsequently the Benthic Subtidal and
Intertidal Ecology Chapter (Volume 2, Chapter 2; PINS Document Reference
7.2.2).

1.1.4

The Project Description (see Table 3.7 of Volume 1, Chapter 3; PINS Document
Reference 7.1.3) states that the maximum diameter of a 15 MW jacket
foundation vertical member/main tubular is 3 m. The Marine Processes and
Benthic Subtidal and Intertidal Ecology Assessments submitted to PINS on 30
January 2015 assessed the effect of scour during the operational phase of the
Project from a 15 MW jacket foundation with a maximum vertical member/main
tubular diameter of 2.5 m. This parameter was applied as the maximum adverse
scenario in the following assessments:
▪

Marine Processes:


▪

Potential for the presence of turbine foundations to result in scour of
seabed sediments (paragraphs 1.6.251 to 1.6.265).

Benthic Subtidal and Intertidal Ecology


Alteration of seabed habitats arising from scour effects and changes in
the sediment transport and wave regimes (physical processes)
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resulting in potential effects on benthic ecology (paragraphs 2.6.161 to
2.6.179).
1.1.5

Scour associated with the minimum diameter of the 15 MW jacket foundation
vertical members/main tubulars, was also calculated and presented within the
Marine Processes assessment (Volume 2, Chapter 1; PINS Document
Reference 7.2.1 and Volume 5, Annex 5.1.8; PINS Document Reference
7.5.1.8). However, there is no discrepancy in the parameters for the smallest
jacket design so these results are not described further in this clarification note.

1.1.6

This note is intended to correct parameters which were incorrectly stated within
the Marine Processes and Benthic Subtidal and Intertidal Ecology assessments
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

Jacket Foundations

1.2.1

Jacket foundations are steel jacket or space frame structure foundations (see
Figure 1.1) which have a steel lattice construction, comprising tubular steel
members and welded joints, which is fixed to the seabed using piles at the
corners of the base (see paragraph 3.2.61 of Volume 1, Chapter 3; PINS
Document Reference 7.1.3).

1.2.2

The Project Description (see Table 3.7 of Volume 1, Chapter 3; PINS Document
Reference 7.1.3) states that the maximum diameter of the vertical members/main
tubulars is 3 m.

Figure 1.1

Schematic of jacket structure design (reproduced from Volume 1,
Chapter 3, Figure 3.8; PINS Document Reference 7.1.3
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1.3

Marine Processes Scour Assessment
Calculation of Jacket Foundation Scour

1.3.1

The Foundation Scour Assessment (Volume 5, Annex 5.1.8; PINS Document
Reference 7.5.1.8) presents the results of the foundation scour assessment,
assuming a minimum vertical member/main tubular pile diameter of 1.2 m and a
maximum of 2.5 m for jacket foundations.

1.3.2

Table 4.3 of Annex 5.1.8 (PINS Document Reference 7.5.1.8) presents the
maximum predicted scour depth (current flows only) for selected representative
jacket structures for the minimum and maximum jacket design options. Table 4.4
of the annex presents the maximum predicted scour depth (combined wave and
current flows) around an individual jacket leg for the minimum and maximum
jacket design options.

1.3.3

Using the Richardson and Davis (2001) approach, the maximum scour depth
around the jacket legs for current flows only was predicted to be of the order of
4.1 m for the largest jacket design (see Table 4.3 of Volume 5, Annex 5.1.8;
PINS Document Reference 7.5.1.8). The scour development due to waves is of a
similar order of magnitude to that generated by the currents (see Table 4.4 of
Volume 5, Annex 5.1.8; PINS Document Reference 7.5.1.8). In addition, scour
development to equilibrium conditions under waves can occur rapidly, in the
matter of minutes (see paragraph 4.4.3 of Volume 5, Annex 5.1.8,; PINS
Document Reference 7.5.1.8).

1.3.4

For this clarification note, the maximum scour depth has been considered, using
the same methodology as presented in Volume 5, Annex 5.1.8; PINS Document
Reference 7.5.1.8 submitted to PINS on 30 January 2015, for 3 m diameter
vertical members/main tubular piles for 15 MW jacket foundations. The results
are presented in Table 1.1 (for tidal currents only) and Table 1.2 (for tidal
currents and waves) below. As outlined above in paragraph 1.1.5. the
parameters for the smallest jacket design remain unchanged from those
presented in Annex 5.1.8 (PINS Document Reference 7.5.1.8), so these results
are not provided in this clarification note.

1.3.5

Assuming a maximum vertical member/main tubular pile diameter of 3 m for
15 MW jacket foundations, the maximum scour depth around the jacket legs for
current flows only was predicted to be of the order of 4.6 m (Table 1.1). The
scour development due to waves is of a similar order of magnitude to that
generated by the currents.
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Table 1.1
Scour
Predictor
Method
(largest
jacket
design)

Maximum predicted equilibrium scour depths for jacket structures with
3 m diameter main tubular piles, current only conditions.
Maximum Equilibrium scour depth (m)
Water depth (m)
27.7

30.0

32.2

32.7

35.0

37.2

Richardson
and Davis
(2001)

4.4

4.4

4.4

4.5

4.5

4.5

Breusers et
al. (1977)
[1.5
multiplier]

4.5

4.5

4.5

4.5

4.5

DNV (2011)
[1.3
multiplier]

3.9

3.9

3.9

3.9

Sumer and
Fredsøe
[2.0
multiplier]

6.0

6.0

6.0

6.0

Table 1.2

40

42.3

44.5

4.6

4.6

4.6

4.5

4.5

4.5

4.5

3.9

3.9

3.9

3.9

3.9

6.0

6.0

6.0

6.0

6.0

Maximum predicted equilibrium scour depths for jacket structures with
3 m diameter main tubular piles, under combined wave and current
conditions.
Maximum Equilibrium scour depth (m)

(largest
jacket
design)

Water depth (m)
27.7

30.0

32.2

32.7

35.0

37.2

1 in 1
year
return

2.5

2.5

2.6

2.6

2.6

2.5

1 in 100
year
return

2.9

2.9

2.9

2.9

2.9

2.9
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40

42.3

44.5

2.5

2.5

2.5

2.9

2.9

3.0

Marine Processes Environmental Statement Scour Assessment: Potential
for the presence of turbine foundations to result in scour of seabed
sediments
1.3.6

The Marine Processes Environmental Statement chapter (Volume 2, Chapter 1;
PINS Document Reference 7.2.1 - paragraph 1.6.258 onwards) summarises the
results presented in Volume 5, Annex 5.1.8. As described above, a maximum
diameter of 2.5 m diameter main tubular piles was assessed in Volume 2,
Chapter 1 (PINS Document Reference 7.2.1) for 15 MW jacket foundations. In
this assessment scouring around the jacket vertical members/main tubulars
under tidal currents was predicted to be of the order of 2.4 m to 4.1 m in depth
depending upon the jacket design (minimum vs maximum vertical member/main
tubular pile diameter) and water depth, whilst no scouring was predicted for the
horizontal members (see Table 4.3 of Volume 5, Annex 5.1.8; PINS Document
Reference 7.5.1.8). Global scour1 associated with the jacket structure as a whole
was predicted to be of the order of 0.3 m to 3.9 m and could extend to 1.5 to 2
times the total jacket plan footprint.

1.3.7

In this clarification note, the predicted scour has been considered, using the
same methodology as presented in Volume 5, Annex 5.1.8; PINS Document
Reference 7.5.1.8 submitted to PINS on 30 January 2015, for 3 m diameter
vertical member/main tubular piles for 15 MW jacket foundations. Scouring
around the jacket legs under currents is predicted to be of the order of 2.5 m to
4.6 m in depth, whilst under the horizontal members just above the seabed the
depth of scour is predicted to be around 0.2 m to 0.6 m. Global scour associated
with the jacket structure as a whole could be of the order of 0.3 m to 3.9 m and
could extend to 1.5 to 2 times the total jacket plan footprint.

1.4

Benthic Ecology Scour Assessment
Alteration of seabed habitats arising from scour effects and changes in the
sediment transport and wave regimes (physical processes) resulting in
potential effects on benthic ecology

1.4.1

Scour and increases in flow rates associated with the presence of foundation
structures can alter the characteristics of the sediment potentially making the
habitat less suitable for some species (see paragraph 2.6.161 of Volume 2,
Chapter 2: Benthic Subtidal and Intertidal Ecology; PINS Document Reference
7.2.2).

1

Global scour is caused by two effects: i) the change in flow velocity in the gap between
the piles; and ii) the turbulence generated by the individual piles. See paragraph 4.4.9 of
Volume 5, Annex 5.1.8; PINS Document Reference 7.5.1.8 for a full description.
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1.4.2

The scour assessment clarification presented in this note takes into account the
maximum diameter of vertical members/main tubulars of 3 m for 15 MW jacket
foundations. This assessment predicted that scour depths around the jacket legs
would be in the order of 4.6 m whilst under the horizontal members just above
the seabed the depth of scour is predicted to be around 0.2 m to 0.6 m. Global
scour associated with the jacket structure as a whole could be of the order of
3.9 m and could extend to 1.5 to 2 times the total jacket plan footprint.

1.4.3

The Benthic Subtidal and Intertidal Ecology Chapter, submitted to PINS on 30
January 2015 (PINS Document Reference 7.2.2), assessed the impact of scour
on benthic habitats and species associated with jacket foundations, as outlined
above in paragraph 1.3.6, as well as scour associated with monopiles and
gravity base foundations.

1.4.4

Scour effects at a monopile structure (without scour protection) in non-cohesive
soil are predicted to vary between depths of 9.5 m to 10.1 m for the largest 10 m
diameter monopile. Under combined wave current conditions the predicted
maximum scour depth is between 1.8 m and 3.0 m and for a 10 m diameter
monopile the total scour extents from between around 20 to 214 m (see
paragraph 2.6.163 of Volume 2, Chapter 2: Benthic Subtidal and Intertidal
Ecology; PINS Document Reference 7.2.2).

1.4.5

For gravity base foundations, the maximum predicted scour depth under currents
alone for 58 m diameter design is 1.2 m to 2.9 m. Scour due to waves is likely to
result in scour depths of 5.4 m to 9.2 m scour for the largest diameter structure.
For the 58 m diameter gravity bases, the total scour hole extents are estimated
to range between 58 m to 240 m. However, it is expected that scour
countermeasures will be deployed with any gravity base foundation solution and
thus these scour extents should not be realised (see paragraph 2.6.164 of
Volume 2, Chapter 2: Benthic Subtidal and Intertidal Ecology; PINS Document
Reference 7.2.2).

1.4.6

As can be seen in paragraphs 1.4.2 and 1.4.4 to 1.4.5 above, the revised scour
predictions for 15 MW jacket foundations with a 3 m diameter vertical
member/main tubular are only marginally greater than those assessed within the
Benthic Subtidal and Intertidal Ecology Chapter and are less than the predicted
scour effects from monopiles and gravity base (without scour countermeasures)
foundations. It should also be noted that the maximum adverse scenarios
assessed are considered to be conservative as predictions have been made
assuming non-cohesive granular soil. The small increase in the depth and extent
of scour for 15 MW jacket foundations with a 3 m diameter does not change the
magnitude of the impact or the significance of the effect on benthic subtidal
receptors. Therefore, the conclusions presented in the Benthic Subtidal and
Intertidal Ecology Chapter (see Section 6, Volume 2, Chapter 2: Benthic Subtidal
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and Intertidal Ecology; PINS Document Reference 7.2.2) are therefore, still valid,
as follows:
Magnitude of Impact
1.4.7

Within Subzone 2, the impact from a change in marine processes is predicted to
be of long term duration, continuous, and irreversible for the lifetime of the
project, it is expected to be of local spatial extent (i.e., restricted to Subzone 2
and the immediate surrounding area). It is predicted that the impact will affect the
benthic receptors directly. The magnitude within Subzone 2 is therefore,
considered to be low (see paragraph 2.6.169 of Volume 2, Chapter 2: Benthic
Subtidal and Intertidal Ecology; PINS Document Reference 7.2.2).
Significance of effect

1.4.8

The predicted changes to flow rate are small and below the MarLIN benchmark
levels used to assess the sensitivity of the receptors. Therefore, although effects
may be observed, they are likely to be more subtle than the MarLIN sensitivity
assessments indicate. Benthic species in the area are tolerant of a certain
degree of instability, as well as fluctuating levels of suspended sediments and
variable sediment deposition rates, arising from scour and/or small changes in
the local wave and tide regime. The effect on all subtidal VERs is therefore
considered to be of negligible significance, which is not significant in EIA terms
(see paragraph 2.6.179 of Volume 2, Chapter 2: Benthic Subtidal and Intertidal
Ecology; PINS Document Reference 7.2.2).

1.5

Conclusions

1.5.1

The predicted scour effects from 15 MW jacket foundations with a 3 m diameter
vertical member/main tubular on the physical environment and subsequently the
habitats and species present are less than the predicted scour effects from
monopiles and gravity base (without scour countermeasures) foundations. This
clarification note has therefore demonstrated that the conclusions presented in
the Marine Processes and Benthic Subtidal and Intertidal Ecology Chapters
submitted to PINS on 30 January 2015 for effects from scour around foundations
are still valid and remain unchanged.
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