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1.1

1.2

1.3

1.4

1

In Annex D6 of Natural England’s Written Representation (REP1-125), Natural England commented
that they had difficulty understanding the total impact of the proposed operations in Markham’s
Triangle proposed Marine Conservation Zone (pMCZ) and suggested that the assessment sections
be rewritten to provide a narrative of full and total impact throughout the lifetime of Hornsea Three.
As outlined in the Applicant’s Deadline 2 response to these comments (REP2-004), the Applicant’s
position remains that a comprehensive assessment of project lifetime effects within Markham’s
Triangle pMCZ has been undertaken and is clearly presented in both Volume 5, Annex 2.3: Marine
Conservation Zone Assessment of the Environmental Statement (APP-104) and Volume 2, Chapter
2: Benthic Ecology of the Environmental Statement (APP-062). The Applicant notes that whilst the
assessments presented in Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement
and Volume 5, Annex 2.3: Marine Conservation Zone Assessment of the Environmental Statement
were undertaken on an impact by impact basis, consideration of repeat disturbance during the
construction and operation and maintenance phase was presented and the Applicant would refer
the Ex.A to the Applicant’s response to Natural England’s Relevant Representation (RR-097), as
presented at Deadline 1 (REP1-131).

However, in order to assist, the Applicant agreed to submit a clarification to the Ex.A to summarise
the assessment of impacts to Markham’s Triangle pMCZ across the lifetime of the project for
Deadline 3, in a similar manner as done in the Applicant’s response to Q1.2.103 as submitted at
Appendix 17 to the Applicant's response to Deadline 1 (REP1-178) for The Wash and North Norfolk
Coast Special Area of Conservation (SAC) and the North Norfolk Sandbanks and Saturn Reef SAC.

To avoid repetition of the information presented in Volume 2, Chapter 2: Benthic Ecology of the
Environmental Statement and Volume 5, Annex 2.3: Marine Conservation Zone Assessment of the
Environmental Statement, signposting to the relevant sections of these documents has been
provided as appropriate. However, the primary purpose of this note is to present a holistic
assessment of the lifetime effects within Markham’s Triangle pMCZ, drawing together the individual
assessments within the Environmental Statement, to provide clarity to Natural England and JNCC.

The Applicant wishes to highlight that the maximum design scenario presented in the Environmental
Statement assumed that up to 24% of the Hornsea Three array area infrastructure would be placed
within the pMCZ. As outlined in the Applicant’s response to Annex D4 of Natural England’s Written
Representation (REP1-217), as submitted at Deadline 2 (REP2-004), the Applicant has been
working to identify where conservatism in the assessment and design envelope could be reduced
and is pleased to confirm that the result of this work is that the maximum design scenario for
infrastructure to be installed within Markham’s Triangle pMCZ has been substantially reduced from
24% t0 10.5%. The Applicant can confirm that this commitment will be secured by an amendment to
the draft Development Consent Order (DCO), with the wording of this condition to be presented
within the updated draft DCO at Deadline 4.
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1.5 Table 1.1 below presents the extents of the broadscale habitat features of Markham’s Triangle pMCZ
affected by temporary, long term and permanent habitat loss assuming this scenario. This is
reproduced from the Applicant’s Deadline 2 response (REP2-004) to Annex D6 to Natural England’s
Written Representation (REP1-125), with the clarifications on the proportions of the Subtidal Coarse
Sediment features affected by long term and permanent habitat loss.

1.6 All values quoted for habitat loss within this note are based on the revised maximum design scenario
of 10.5%.

Table 1.1: Areas (m?2) and proportions of the broadscale habitat features of Markham’s Triangle pMCZ affected
across the lifetime of Hornsea Three based on a revised design envelope of 10.5% of array infrastructure
being located within the site.

Area (m2) and %
of total habitat

Area (m2) and % of
Subtidal Coarse
Sediment feature

Area (m2) and %
of Subtidal Sand
feature affected

Area (m2) and %
of Subtidal
Mixed Sediment

affected feature affected
Temporary habitat 3,914,975 (1.96%) | 3,914,975 (2.69%)"' | 416,002 (1.58%) | 507,180 (1.84%)
loss (construction)
Long term habitat 300,660 (0.15%) | 300,660 (0.21%)2 31,948 (0.12%) 38,9503 (0.14%)
loss (O&M)
Temporary habitat 716,518 (0.36%) | 716,518 (0.49%) 76,137 (0.29%) 92,824 (0.34%)
loss (O&M)
Permanent habitat 239,378 (0.12%) | 239,378 (0.16%)* 25,436 (0.10%) 31,011 (0.11%)

loss
(decommissioning)

1 This proportion was incorrectly quoted as 1.96% in the Applicant’s response to Deadline 2 (REP2-004).
2 This proportion was incorrectly quoted as 0.15% in the Applicant’s response to Deadline 2 (REP2-004).
3 This area was incorrectly quoted as 68,950 m? in the Applicant’s response to Deadline 2 (REP2-004).

4 This proportion was incorrectly quoted as 0.12% in the Applicant’s response to Deadline 2 (REP2-004).
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Pre-construction and construction phase

2.1

Table 2.1 below is reproduced from Table 2.24 of Volume 2, Chapter 2: Benthic Ecology of the

Environmental Statement and Table 5.4 of Volume 5, Annex 2.3: Marine Conservation Zone
Assessment of the Environmental Statement. It presents the predictions for temporary habitat loss
within Markham’s Triangle pMCZ during the construction phase but has been updated for the revised
maximum design scenario considered in this note, i.e. assuming 10.5% of all array infrastructure
could be placed in the part of the Hornsea Three array which overlaps with the Markham’s Triangle

pMCZ.

Table 2.1: Temporary habitat loss of the broadscale habitat features of the Markham’s Triangle pMCZ,
assuming 10.5% of all array infrastructure could be placed in the part of the Hornsea Three array which
overlaps with the Markham’s Triangle pMCZ.

during cable installation

Temporary
. habitat .
Project element loss/disturbance Assumptions
(m?)
Assumes maximum of 10% of the total temporary habitat
loss from sandwave clearance within the Hornsea Three
Pre-construction array (23,574,000 m2) will occur within the Markham's
2,357,400 Triangle rMCZ. This is unchanged from the Environmental
sandwave clearance , .
Statement as this was calculated on the basis of the
distribution of sandwaves within the array area and the
pMCZ.
, Habitat loss from placement of coarse dredged material to a
Pre-construction . :
uniform thickness of 0.5 m as a result of sandwave
sandwave clearance 14,926 - A .
. e clearance within the Markham's Triangle rMCZ, assuming a
disposal activities
volume of up to 7,463 m3.
Deposition of material Assumes maximum of 10.5% of the total 4,223,330 m?2 of
from seabed preparation | 444,756 temporary habitat loss associated with the deposition of
for GBFs material from seabed preparation activities.
Assumes maximum of 10.5% of the total 650,760 m? of
Jack-up footprints 136,660 temporary habitat loss from jack-up placements within the
Hornsea Three array area.
. Assumes maximum of 10.5% of the total temporary habitat
Array, interconnector . . . , -
s loss associated with the installation of remaining array
and export (within the .
cables (332 km), interconnector (90 km) and export cables
Hornsea Three array 935,550 o g
. within the array (67.2 km) not requiring sandwave
area) cables (includes . .
clearance, affecting a corridor up to 15 m for array cables
boulder clearance) :
and 25 m for interconnector and export cables.
Anchor placements Assumes a maximum of 10.5% of total temporary habitat
P 12,683 loss from cable installation vessel anchor placements

across the Hornsea three array area.
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Temporary
. habitat .
Project element loss/disturbance Assumptions
(m?)

Total temporary habitat
loss within Markham'’s 3,914,975
Triangle pMCZ

2.2 As discussed in Table 2.14 of Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement,
approximately one year prior to the start of construction of Hornsea Three, pre-construction activities
may be required within Markham'’s Triangle pMCZ. These may include sandwave clearance activities
(including deposition of sandwave clearance material), UXO clearance and boulder clearance. As
described in Table 2.24 of Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement
and Table 5.4 of Volume 5, Annex 2.3: Marine Conservation Zone Assessment of the Environmental
Statement, the maximum design scenario assumes that sandwave clearance may affect a 30 m wide
corridor for each cable installed within the pMCZ. The maximum design scenario for pre-construction
activities predicted temporary habitat loss of up to 2,372,326 m? within the pMCZ (see Table 2.1).
This is based on the assumption that 10% of the sandwave clearance within the Hornsea Three
array area will occur within the pMCZ, which is unchanged from the maximum design scenario
assessed within the Environmental Statement as this was calculated on the basis of the distribution
of sandwaves within the array area and the pMCZ.

2.3 As discussed in paragraph 2.11.1.93 of Volume 2, Chapter 2: Benthic Ecology of the Environmental
Statement and paragraph 5.2.2.5 of Volume 5, Annex 2.3: Marine Conservation Zone Assessment
of the Environmental Statement, there may be discrete areas within the pMCZ in which sandwave
clearance will not be required but boulder clearance may be required. This will not, however,
contribute to any additional temporary habitat loss as the process will effectively redistribute boulders
and cobbles either side of the 25 m boulder clearance corridor. Following the pre-construction
sandwave and boulder clearance activities, additional temporary disturbance of benthic habitats is
predicted within a smaller 15 m wide corridor of seabed (within the 30 m corridor affected by
sandwave clearance) as a result of the subsequent cable installation during the construction phase.

2.4 Following the pre-construction activities, there will be temporary habitat loss associated with the
following construction activities: deposition of material from seabed preparation for gravity base
foundations, jack-up footprints, burial of cables and anchor placements. The sum of these
construction phase activities was predicted to result in up to 1,542,649 m2 of temporary habitat
loss/disturbance (see Table 2.1) which is a reduction of approximately 56% from the 3,500,263 m?2
presented within the Environmental Statement. The maximum design scenario inclusive of all pre-
construction and construction activities, predicted temporary habitat loss of up to 3,914,975 m2
(1.96% of the total area of the pMCZ; see Table 2.1) which is a reduction of approximately 56% from
the 5,872,589 m? presented within the Environmental Statement. The reduced maximum design
scenario equates to up to 2.69% of the Subtidal Coarse Sediment feature, 1.58% of the Subtidal
Sand feature and 1.84% of the Subtidal Mixed Sediment feature within the pMCZ being affected by
temporary habitat loss/disturbance.
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2.5

25

2.7

2.8

:

The recovery of the benthic communities present within the pMCZ from the temporary habitat loss
is described in paragraph 2.11.1.96 et seq. of Volume 2, Chapter 2: Benthic Ecology of the
Environmental Statement and paragraph 5.2.2.9 et seq. of Volume 5, Annex 2.3: Marine
Conservation Zone Assessment of the Environmental Statement. The recovery of the benthic
communities associated with the Subtidal Sand feature is likely to be high, as discussed in paragraph
2.11.1.26 of Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement and paragraph
5.2.2.14 of Volume 5, Annex 2.3: Marine Conservation Zone Assessment of the Environmental
Statement, with recovery anticipated within up to two years. For the coarse and mixed sediment
communities present within pMCZ, the timeframes for recovery are predicted to be in the region of
up to five years (see paragraph 2.11.1.31 of Volume 2, Chapter 2: Benthic Ecology of the
Environmental Statement).

Therefore, the benthic habitats are not predicted to have substantially recovered in the period
between the pre-construction activities (i.e. sandwave/boulder clearance) and construction activities,
hence the temporary disturbance during construction is considered to be an extension of the original
sandwave/boulder clearance disturbance rather than repeat disturbance (see paragraph 2.11.1.18
of Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement).

As noted in Table 2.14 and paragraph 2.11.1.18 of Volume 2, Chapter 2: Benthic Ecology of the
Environmental Statement and paragraph 5.2.2.19 of Volume 5, Annex 2.3: Marine Conservation
Zone Assessment of the Environmental Statement, Hornsea Three may be constructed over up to
two phases, however following completion of cable installation there will be no potential for repeat
direct physical disturbance to the footprint of seabed previously impacted by cable burial during the
construction phase as this would pose a risk to the integrity of the cable.

With the exception of impacts associated with the presence of the foundations and scour protection
on the seabed which will extend through into the operation and maintenance phase (see paragraphs
2.9 et seq. below) and the localised placement of cable protection, the majority of impacts within
Markham’s Triangle pMCZ will be associated with one-off construction impacts. As all cables within
the pMCZ are anticipated to be successfully buried and remain buried for the anticipated 35 year
design life of Hornsea Three, impacts to benthic habitats and broadscale habitat features of the
pMCZ, with the exception of impacts in the immediate vicinity of the turbines, will therefore largely
cease following construction with recovery over the time periods outlined above. However, as
discussed in paragraph 2.11.1.18 of Volume 2, Chapter 2: Benthic Ecology of the Environmental
Statement and paragraph 5.2.2.19 of Volume 5, Annex 2.3: Marine Conservation Zone Assessment
of the Environmental Statement, following cable installation there may be a requirement for some
very localised remedial cable reburial works, during the construction phase, which would be
undertaken within approximately one year of the initial cable laying works. For the same reasons as
outlined above, it is not considered to constitute repeat disturbance but rather an extension of the
original disturbance activity within the original footprint with recovery following the timescales
described above once the remedial burial works are complete. The recovery of the benthic
communities in these areas is predicted to follow the same timescales as described above and in
paragraph 2.11.1.30 of Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement.
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2.8

2.10
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6

Operation and maintenance phase

Array and export cables

As discussed above, the majority of the impacts within Markham'’s Triangle pMCZ will cease at the
end of the construction phase as the preference is to bury cables and activities such as seabed
preparation will be a one-off event. However, as discussed in paragraph 2.11.2.169 et seq. and
Table 2.14 of Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement, the 10.5%
maximum design scenario assumes that some limited and highly localised cable reburial works may
be required within the pMCZ over the 35 year design life of the Hornsea Three project. Applying the
revised 10.5% maximum design scenario explained in paragraph 1.4 above, this could result in up
to 131,324 m2 of temporary habitat disturbance which equates to 0.36% of the total benthic habitat
within the site (reduced from 1,625,776 m2 set out in paragraph 2.11.2.169 of Volume 2, Chapter 2:
Benthic Ecology of the Environmental Statement and paragraph 5.2.3.14 of Volume 5, Annex 2.3:
Marine Conservation Zone Assessment of the Environmental Statement). These reburial works
would affect areas previously affected by cable installation during construction and therefore would
represent repeat disturbance, although the proportion of cables affected by this activity would be
minimal relative to the total length of cables installed. The recovery of the benthic communities in
these areas would be predicted to follow the same timescales as described above.

There may also be some localised areas within the pMCZ where burial fails (following construction
phase burial and any further attempts at remedial burial) and the installation of cable protection is
required. An assessment of the long-term habitat loss associated with cable protection and
cable/pipeline crossings within the pMCZ is made in paragraph 2.11.2.38 et seq. of Volume 2,
Chapter 2: Benthic Ecology of the Environmental Statement and paragraph 5.2.3.1 et seq. of Volume
5, Annex 2.3: Marine Conservation Zone Assessment of the Environmental Statement. The
Applicant would highlight the commitment to employing sensitive cable protection measures, as
outlined in Table 2.14 of Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement.
These would facilitate some continued ecological functioning in areas where these are deployed,
thus limiting the effects of long-term habitat loss in contrast to other cable protection measures (e.g.
concrete mattressing, larger grain sizes etc.). The Applicant directs the Ex.A to the Cable Protection
Clarification Note submitted to Natural England and presented at Appendix 6 to the Applicant’s
response to Deadline 1 (REP1-138) and also to the Applicant’'s submissions on this topic at the
hearing as set out in the written summary submitted at Deadline 3, where supporting evidence for
the use of sensitive cable protection is provided.

The revised 10.5% maximum design scenario (see paragraph 1.4) predicts that long-
term/permanent habitat loss from cable protection (maximum design scenario that up to 10% of
cables would require cable protection) and cable/pipeline crossings within the pMCZ would affect no
more than 99,079 m2 of broadscale habitats within the pMCZ, assuming that up to a maximum of
10% of cables would require cable protection (reduced from 224,808 m2 set out in Table 2.28 of
Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement). The maximum design
scenario for long-term habitat loss would affect a very small proportion of the broadscale habitat
features proposed for designation within the pMCZ as follows: up to a maximum of 0.07% of the
Subtidal Coarse Sediment feature, up to a maximum of 0.04% of the Subtidal Sand feature and up
to a maximum of 0.05% of the Subtidal Mixed Sediment feature, depending on where cable
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protection may be deployed. It should be noted however, that these are the maximum design
scenarios for each of the broadscale habitat features and are not additive (e.g. in the event that all
cable protection is installed within Subtidal sand for example, there would be no long-term habitat
loss to any other broadscale habitat features).

Turbine and foundations

In the immediate vicinity of the turbine foundations, any habitat disturbed during seabed preparation
works prior to gravity base foundation installation (the maximum design scenario) during the
construction phase will be subsequently impacted by long-term habitat loss associated with the
foundation footprint and associated scour protection. As discussed in paragraph 2.11.1.9 of Volume
2, Chapter 2: Benthic Ecology of the Environmental Statement, the area of long-term habitat loss
associated with the footprint of the turbine foundations and associated scour protection is greater
than, and therefore completely encompasses the area impacted by the seabed preparation activity
itself. Therefore, this impact was assessed as long-term habitat loss only and only the deposition of
seabed preparation material was included in the assessment of temporary habitat loss/disturbance.

The revised 10.5% maximum design scenario predicts that up to 201,582 m? of long-term habitat
loss may result from the presence of foundations and scour protection, reduced from 457,388 m2 as
set out in the Environmental Statement. As discussed above in paragraph 2.10, the Applicant would
additionally highlight the commitment to employing sensitive scour protection measures within the
pMCZ, as outlined in Table 2.14 of Volume 2, Chapter 2: Benthic Ecology of the Environmental
Statement. As for the cable protection, this would facilitate some continued ecological functioning in
areas where scour protection measures are deployed, thus further limiting the effects of long-term
habitat loss in contrast to other scour protection measures. The revised maximum design scenario
for long-term habitat loss from foundations and scour protection would affect a very small proportion
of the broadscale habitat features proposed for designation within the pMCZ as follows: up to a
maximum of 0.14% of the Subtidal Coarse Sediment feature, up to a maximum of 0.08% of the
Subtidal Sand feature and up to a maximum of 0.09% of the Subtidal Mixed Sediment feature.

As discussed in paragraph 2.11.2.147 of Volume 2, Chapter 2: Benthic Ecology of the Environmental
Statement and 5.2.3.14 of Volume 5, Annex 2.3: Marine Conservation Zone Assessment of the
Environmental Statement, there will be a limited amount of temporary habitat disturbance during the
operation and maintenance phase resulting from jack-up operations associated with turbine and
offshore substation component replacement and access ladder/j-tube repair/replacement. Although
there is the potential for repeat disturbance to the habitats in the immediate vicinity of the foundations
because of these activities, impacts will be restricted to the immediate area around the turbine
foundation and the spatial extent of this impact is predicted to be small (up to 585,194 m2) and would
represent highly localised, repeat disturbance occurring intermittently across the 35 year operation
and maintenance phase of the project.

As discussed in paragraph 2.11.2.69 et seq. of Volume 2, Chapter 2: Benthic Ecology of the
Environmental Statement and paragraph 5.2.3.22 et seq. of Volume 5, Annex 2.3: Marine
Conservation Zone Assessment of the Environmental Statement, there is the potential for impacts
to arise during the operation and maintenance phase as a result of the colonisation of foundations
and scour/cable protection and the potential introduction of hard substrate species into a
predominately soft sediment environment. As assessed in paragraph 2.11.2.72 et seq. of Volume 2,
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Chapter 2: Benthic Ecology of the Environmental Statement and paragraph 5.2.3.30 et seq. of
Volume 5, Annex 2.3: Marine Conservation Zone Assessment of the Environmental Statement the
presence of the offshore infrastructure during the operation and maintenance phase also has the
potential to facilitate the introduction and spread of invasive non-native species (INNS). It is expected
that the introduction of hard substrates will offer opportunities for epifaunal communities already
present within Markham's Triangle pMCZ (e.g. scour tolerant species colonising coarse gravelly
sediments, cobbles and boulders) to expand their range onto the introduced hard substrates. Some
reef effects may result in expansion of taxa normally associated with hard substrates colonising
areas of Subtidal Coarse Sediment, Subtidal Mixed Sediment or Subtidal Sand features, although
these effects are likely to be limited to the immediate vicinity of offshore structures (i.e. the same
areas affected by long term habitat loss) and are not predicted to result in changes to the species
composition of communities associated with the proposed broadscale habitat features across the
wider Markham's Triangle pMCZ (see paragraph 5.2.3.28 of Volume 5, Annex 2.3: Marine
Conservation Zone Assessment of the Environmental Statement).

With respect to impacts from INNS, as discussed in paragraph 5.2.3.35 of Volume 5, Annex 2.3:
Marine Conservation Zone Assessment of the Environmental Statement, the commitment to the use
of sensitive cable and scour protection measures which reflect the background substrates within the
pMCZ will help to reduce the risk of colonisation by INNS, by providing a substrate that is similar to
those occurring within pMCZ and encouraging colonisation by scour tolerant epifaunal species native
to the pMCZ. Furthermore, the implementation of a Biosecurity Plan (see Table 2.18 of Volume 2,
Chapter 2: Benthic Ecology of the Environmental Statement; secured by Schedule 11, Condition
13(1)(d)(iii) (generation assets DML) and Schedule 12, Condition 14(1)(d)(iii) (transmission assets
DML) of the draft DCO submitted for Deadline 1; REP1-133) will help to minimise the risk from INNS
as much as is practical.

On-going impacts to broadscale habitat features of the pMCZ across the operational lifetime of
Hornsea Three are therefore predicted to be largely restricted to the immediate vicinity of the turbine
and substation foundations (i.e. those areas assessed as being affected by long term habitat loss)
with the mitigation measures to be implemented (i.e. sensitive cable/scour protection and a
Biosecurity Plan) designed to minimise the impacts as far as possible.

Decommissioning and Post-decommissioning

As discussed in paragraph 2.11.3.25 of Volume 2, Chapter 2: Benthic Ecology of the Environmental
Statement, temporary habitat loss associated with the maximum design scenario for cable removal
during decommissioning is likely to be of a similar magnitude as during construction. Recovery of
the benthic communities will follow these activities as described in paragraph 2.5 above.

The only impact which has the potential to continue beyond the decommissioning phase of the
project is permanent habitat loss associated with cable protection and scour protection remaining in
situ within the Markham’s Triangle pMCZ (i.e. only foundations and turbines being removed). This is
assessed in paragraph 2.11.3.56 et seq. of Volume 2, Chapter 2: Benthic Ecology of the
Environmental Statement and paragraph 5.2.4.4 et seq. of Volume 5, Annex 2.3: Marine
Conservation Zone Assessment of the Environmental Statement.
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The revised maximum design scenario predicts that permanent habitat loss would equate to
239,378 m2(0.12% of the total habitat within the pMCZ). Permanent habitat loss persisting beyond
decommissioning would affect very small proportions of the broadscale habitat features proposed
for designation within the pMCZ as follows: 0.16% of the Subtidal Coarse Sediment feature, 0.1% of
the Subtidal Sand feature and 0.11% of the Subtidal Mixed Sediment feature. The Applicant will
however be required to develop a Decommissioning Plan to cover the decommissioning phase,
which will take account of the latest guidance and advice from stakeholders at the time.

Conclusion

As summarised above, all impacts associated with the installation of cables within Markham’s
Triangle pMCZ during the construction phase of Hornsea Three will be temporary and reversible.
For the vast majority of the seabed affected within Markham’s Triangle pMCZ, once the pre-
construction activities are complete and the array, interconnector and export cables are installed
within the site, there will be no repeat disturbance over the 35 year design life of Hornsea Three and
the benthic communities will recover. For a small proportion of the area affected by initial cable
installation, there may be some repeat disturbance associated with cable reburial/repair works during
the operation and maintenance phase, although the effects on broadscale habitat features will also
be temporary and reversible. For a different, but similarly small, proportion of the pMCZ there may
be localised long-term habitat loss as a result of cable protection measures, where cable burial and
reburial is not successful. This has the potential to persist post-decommissioning. The sensitive
cable protection mitigation measures to be implemented have, however, been designed to minimise
the change in substrate and therefore potentially reduce the magnitude of any negative impacts from
long-term/permanent habitat loss as far as possible. Given that the benthic communities are
predicted to recover between the temporary disturbance events and that the long-term/permanent
habitat loss will be small and localised, the combination of all of these impacts over the lifetime of
Hornsea Three is not predicted to result in effects which will be any more significant than the
individual impacts in isolation. As such, all impacts associated with the installation,
operation/maintenance and decommissioning of cables and cable protection over the lifetime of the
project are therefore not predicted to lead to a significant risk of hindering the achievement of the
draft conservation objectives for the features of the Markham's Triangle pMCZ.

As discussed in this note, with respect to the foundations (i.e. for turbines and substations), the areas
where impacts occur during the construction phase (e.g. from seabed preparation, jack-up footprints)
will be the same as those assumed to be affected for the maximum design scenario for long-term
habitat loss during the operation and maintenance phase as a result of the physical presence of the
foundations and associated scour protection on the seabed. The sensitive cable protection mitigation
measures to be implemented have, however, been designed to minimise the magnitude of any
negative impacts from long-term/permanent habitat loss as far as possible. Further on-going effects
during the operation and maintenance phase, such as may arise from potential changes to
community structure including the risk from INNS and from jack-up operations during maintenance
activities, will be largely restricted to the immediate vicinity of the turbine and substation foundations
affecting only a very small proportion of total area of Markham’s Triangle pMCZ. These will largely,
or likely exclusively, be coincident with those areas affected by the maximum design scenario for
long term habitat loss (i.e. from foundations and associated scour protection). Furthermore, the
mitigation measures to be implemented (i.e. implementation of a Biosecurity Plan) have been
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designed to minimise the magnitude of any negative impacts as far as possible. On the basis that
the impacts associated with turbines and foundations during each phase of the project will be highly
localised to the immediate vicinity of the turbines and with the sensitive scour protection measures
implemented, the combination of all of these impacts over the lifetime of Hornsea Three is not
predicted to result in effects which will be any more significant than the individual impacts in isolation.
As such, all impacts associated with the installation, operation/maintenance and decommissioning
of turbines and foundations over the lifetime of the project are not predicted to lead to a significant
risk of hindering the achievement of the draft conservation objectives for the features of the
Markham's Triangle pMCZ.

Similarly, the combination of impacts associated with turbines/foundations and cables within
Markham’s Triangle are not anticipated to interact in such a way as to result in combined effects of
greater significance than the assessments presented for each individual phase or lead a significant
risk of hindering the achievement of the draft conservation objectives for the features of the
Markham's Triangle pMCZ.

The Applicant notes that the Marine Management Organisation guidance (MMO, 2013)5 defines the
term ‘hinder’ as any act that could, either alone or in combination “in the case of a conservation
objective of ‘recover’, decrease the likelihood that the current status of a feature could move
upwards (e.g. from degraded to favourable) either immediately or in the future (i.e. they would be
placed on a flat or downward trend).”

5 Marine Management Organisation (2013). Marine conservation zones and marine licensing. April 2013. Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/410273/Marine_conservation_zon

es_and_marine_licensing.pdf

!
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1.2

1.3

Natural England’s response to Ex.A question Q1.2.32 at Deadline 1 (REP1-212) stated that in their
opinion seabed disturbance associated with operation and maintenance activities should have
been scoped into the cumulative impact assessment for benthic ecology in Volume 2, Chapter 2:
Benthic Ecology of the Environmental Statement (APP-062). Natural England also commented on
the benthic sections of the Report to Inform Appropriate Assessment (RIAA; APP-051) in Annex
D5 of their Written Representation (REP1-214), noting that the in-combination impacts for the
Wash And North Norfolk Coast Special Area of Conservation (SAC) should include recent Race
Bank offshore wind farm marine licence applications/variation, which the Applicant has highlighted
were not available at the time the Development Consent Order (DCO) application was submitted.
The Wildlife Trust's Written Representation (REP1-023) also requested the in-combination
assessment be updated to include the latest Race Bank marine licence applications, but also the
Lincs marine licence applications for operation and maintenance works on export cables. Natural
England requested in Annex D4 of their Written Representation (REP1-217) that such an in-
combination assessment should consider the extents of the SAC sub-features, which Natural
England made available to the Applicant in November 2018.

In the Applicant’s response to Natural England’s comments, as submitted at Deadline 2 (REP2-
005), the Applicant committed to provide an update to the in-combination assessment for The
Wash and North Norfolk Coast SAC for submission at Deadline 3, which would include the recent
Race Bank marine licence applications and present the areas of seabed affected by temporary,
long term and permanent habitat loss in the context of the SAC sub-features.

This note therefore presents an updated in-combination assessment of temporary disturbance and
long-term/permanent habitat loss across the entire lifetime (i.e. construction, operation and
maintenance and decommissioning phases) of Hornsea Three for The Wash and North Norfolk
Coast SAC. It should be noted, that this note has also considered any additional marine licence
applications for operation and maintenance activities within the SAC that have been submitted
since the DCO application was made and were therefore not available to inform the assessment
presented in Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement and the RIAA.
Any existing infrastructure and previously completed construction activity for offshore wind farm
projects in the SAC are considered to be a part of the baseline for assessment purposes (see
section 5.7.1 of the RIAA). This note should be read alongside the RIAA which includes further
discussion of sensitivity and recoverability of the relevant Annex | features and sub-features and
Appendix A of the RIAA which considers the implications for each of the attributes and targets for
the relevant Annex | features, as set out in the Conservation Objectives for the SAC (APP-051 and
AS-002).
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2.1

In-combination Temporary Habitat Loss/Disturbance Over the
Project Lifetime

Hornsea Three alone assessment

As outlined in paragraph 2.11.1.69 of Volume 2, Chapter 2: Benthic Ecology of the Environmental
Statement and paragraph 5.5.1.2 of the RIAA, in the maximum design scenario a maximum area
of up to 2,356,714 m? may be subject to temporary habitat loss/disturbance within The Wash and
North Norfolk Coast SAC during the construction phase resulting from the burial of export cables,
pre-construction activities (e.g. sandwave clearance) and anchor placements, representing 0.22%
of the total area of the SAC. With regard to the corresponding proportions of the sub-features of
Annex | ‘sandbanks which are slightly covered by seawater all the time’ which may be affected by
Hornsea Three (i.e. Subtidal Coarse Sediment, Subtidal Mixed Sediments and Subtidal Sand), the
maximum design scenario for each sub-feature is based on the length of the Hornsea Three
offshore cable corridor that passes through each of the following biotopes as shown in Figure 4.28
of Volume 5, Annex 2.1: Benthic Ecology Technical Report of the Environmental Statement (APP-
102): SS.SBR.PoR.SspiMx  biotope (i.e. Subtidal Mixed Sediment sub-feature);
SS.SCS.ICS.MoeVen  biotope  (i.e. Subtidal Coarse Sediment sub-feature); and
SS.SSA.IFiSa.NcirBat (i.e. Subtidal Sand sub-feature). The maximum design scenario assumes
that all sandwave clearance material deposition occurs wholly within one or other of the sub-
features, and as such is highly conservative, as it is highly unlikely that all material would be
deposited wholly within one or other of the sub-features. Based on this scenario, the maximum
predicted percentage habitat losses of each sub-feature within the SAC (as provided in the data
supplied by Natural England in November 2018) associated with temporary habitat loss during the
construction of Hornsea Three are presented in Table 2-1. Temporary habitat loss during
construction may affect up to 0.15% of Sublittoral Sand, 1.84% of Subtidal Coarse Sediment and
1.72% of Subtidal Mixed Sediment. For the reasons outlined above (e.g. placement of sandwave
clearance material wholly within each of these sub-features), these proportions are not additive,
but represent a maximum design scenario for each of the three sub-features of the Annex |
sandbanks feature.
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2.2 As outlined in paragraph 2.11.2.162 of Volume 2, Chapter 2: Benthic Ecology of the Environmental
Statement and paragraph 5.5.2.34 of the RIAA, in the maximum design scenario a maximum area
of up to 198,838 m2 may be subject to temporary habitat loss/disturbance within The Wash and
North Norfolk Coast SAC during the operation and maintenance phase as a result of localised
cable remedial burial and repair works. At this stage it is not possible to specify where the remedial
works will take place, therefore the maximum design scenario assumes that all habitat loss occurs
wholly within one or other of the sub-features. As such, these proportions are not additive, but
represent a maximum design scenario for each of the three sub-features of the Annex | sandbanks
feature. Based on this scenario, the maximum predicted percentage habitat losses of each sub-
features within the SAC (as provided in the data supplied by Natural England in November 2018)
associated with temporary habitat loss during the operation and maintenance phase of Hornsea
Three are presented in Table 2-1. Temporary habitat loss during operation and maintenance is,
even in the maximum design scenario outlined above, predicted to affect very small proportions of
the SAC sub-features; up to 0.03% of Sublittoral Sand, 0.55% of Subtidal Coarse Sediment and
0.26% of Subtidal Mixed Sediment. As noted above, this is a highly conservative, as it is highly
unlikely that all remedial burial and repair works would occur wholly within one or other of the sub-
features, should these activities be required at all.

2.3 Over the entire project

lifetime ~ (i.e.

construction,

operation and maintenance and

decommissioning) Hornsea Three, in the maximum design scenario, total temporary habitat loss
would not exceed 2,555,552 m2 within The Wash and North Norfolk Coast SAC and would be likely
to be lower than this extent. The maximum predicted percentage habitat losses of each sub-
features within the SAC (as provided in the data supplied by Natural England in November 2018)
associated with temporary habitat loss across the entire project lifetime of Hornsea Three are
presented in Table 2-1. As outlined above, these proportions are not additive, but represent a
maximum design scenario for each of the three sub-features of the Annex | sandbanks feature. It is
important to highlight that the impacts to associated benthic communities will be temporary and
reversible as recovery is predicted within the timescales outlined in paragraph 2.11.1.74 et seq. of
Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement.

Table 2-1: Maximum temporary habitat loss/disturbance during the construction phase, operation and
maintenance phase and project lifetime for sub-features of the Annex | sandbank feature of The Wash and
North Norfolk Coast SAC.

Sub-feature of Annex |
sandbanks

Temporary habitat
loss/disturbance (m?)
during construction
(maximum proportion
of sub-feature affected
within SAC)

Temporary habitat
loss/disturbance (m?)
during operation and

maintenance
(maximum proportion
of sub-feature affected

within SAC)

Temporary habitat
loss/disturbance (m?)
across entire project

lifecycle (maximum

proportion of sub-
feature affected within
SAC)

A5.2 Sublittoral sand

868,354 (0.15%)

198,838 (0.03%)

1,067,192 (0.18%)
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Sub-feature of Annex |
sandbanks

Temporary habitat
loss/disturbance (m?)
during construction
(maximum proportion
of sub-feature affected

Temporary habitat
loss/disturbance (m?)
during operation and

maintenance
(maximum proportion
of sub-feature affected

Temporary habitat
loss/disturbance (m?)
across entire project

lifecycle (maximum

proportion of sub-
feature affected within

within SAC) within SAC) SAC)
AS.1 Sublittoral coarse 661,114 (1.84%) 198,838 (0.55%) 859,952 (2.39%)
sediment
AS.4 Sublitioral mixed 1,339,354 (1.72%) 198,838 (0.26%) 1,538,192 (1.98%)

sediments

In-combination maximum design scenario

2.4 The following sections consider the potential for in-combination temporary habitat loss/disturbance
effects within The Wash and North Norfolk Coast SAC over the entire lifetime of Hornsea Three
together with the following projects:

e  Operation and maintenance activities along the Race Bank offshore wind farm export cable
route (MLA/2017/00333);
e Remedial cable burial works for the Race Bank offshore wind farm cable route
(L/2017/00459/1);
e Remedial cable burial works (dredging and back-filling) for the Race Bank offshore wind farm
cable route (Qrsted, 2018); and
e Operation and maintenance activities for the Lincs offshore wind farm cable route
(MLA/2015/00290/1).

2.5 As outlined in Section 2.12 of Volume 2, Chapter 2: Benthic Ecology of the Environmental
Statement, the existing infrastructure and previously completed construction activity for the Lincs
and Race Banks offshore wind farm projects is considered to be a part of the baseline for
assessment purposes and so is not considered further here.

2.6 Table 2-2 below provides the details of the temporary habitat loss associated with these other
projects that have been considered in the in-combination assessment for The Wash and North
Norfolk Coast SAC. The maximum predicted area of in-combination temporary habitat loss across
the lifetime of Hornsea Three is 3,238,289 m2, which equates to 0.3% of the total area of The
Wash and North Norfolk Coast SAC.
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Table 2-2: Projects considered in the in-combination assessment for temporary habitat loss/disturbance over
the entire project lifetime of Hornsea Three for the Wash and North Norfolk Coast SAC.

. Total temporary
Project habitat loss (m2) Notes

Hornsea Three — construction 2 356.714

phase
Calculated on the assumption that, as
approximately 7% of the total export cable length
coincides with The Wash and North Norfolk Coast

Hornsea Three — operation and 198.838 SAC, 7% of the total operational temporary habitat

maintenance phase ’ loss along the Hornsea Three offshore cable
corridor could occur within the site (see paragraph
2.11.2.162 of Volume 2, Chapter 2: Benthic
Ecology of the Environmental Statement).

Rage Bank - opelra.t]on and 11328

maintenance activities

Race Bank - remedial cable The footprint of these works overlaps spatially with

burial works (already 263,610 other activities along the export cable including

undertaken) local levelling, cable installation and boulder
clearance.

Race Bank - remedial cable

burial works (dredging and back- | 344,799

filling)
Worst case scenario of all ten instances of cable
reburial and all five cable repair works occurring
within the SAC. If this is the case, there will be

Lincs - operation and temporary habitat disturbance of 63,000 m2. This is

maintenance activities 63,000 a highly conservative scenario as much this work
could occur outside the SAC, i.e. the Lincs export
cables are not entirely within the SAC, if cable
reburial and repair operations are required on
export cables at all.

Total 3,238,289
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It should be noted, however, that the majority (73%) of this in-combination temporary habitat loss is
associated with the construction phase for Hornsea Three and will therefore occur over up to three
years of the Hornsea Three construction phase, with recovery following cable burial. In addition,
remedial cable burial works associated with the Race Bank offshore cables has already been
completed (see Table 3-1) accounting for a further 8% of the in-combination temporary habitat
loss. The remaining 19% of the in-combination temporary habitat loss for Hornsea Three, Race
Bank and Lincs is more likely to occur intermittently over the lifetime of Hornsea Three (should
maintenance operations be required at all) and will be highly localised to specific sections of the
SAC (Note: for Lincs operation and maintenance activities, some or all of these activities may
occur outside the SAC). Therefore, as per the Hornsea Three alone assessment for temporary
habitat loss presented in paragraph 2.11.1.73 of Volume 2, Chapter 2: Benthic Ecology of the
Environmental Statement, the magnitude of the in-combination impact is considered to be minor.

The assessment of the sensitivity of the sub-features of the Annex | sandbank feature is presented
in full in paragraph 2.11.1.74 et seq. of Volume 2, Chapter 2: Benthic Ecology of the Environmental
Statement and paragraph 5.5.1.2 et seq. of the RIAA. The biotopes representative of the sub-
features of Annex | ‘Sandbanks which are slightly covered by seawater all the time’ are deemed to
be of low to medium vulnerability and medium to high recoverability. The sensitivity of the receptor
is therefore, considered to be low to medium. The benthic communities are predicted to recover
between these disturbance events (recovery taking up to a maximum of five years, depending on
the sub-feature affected) so that no long-term effects are predicted.

Conclusion — Temporary habitat loss/disturbance

Overall, and as predicted for the Hornsea Three assessment alone in paragraph 2.11.1.80 of
Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement, the cumulative effect of
temporary habitat loss/disturbance on benthic habitats within The Wash and North Norfolk Coast
SAC over entire lifetime of Hornsea Three is, therefore, predicted to be of minor adverse
significance, which is not significant in EIA terms.

Considering the effects of temporary habitat loss/disturbance associated with Hornsea Three in-
combination with the other projects considered above, the following Conservation Objectives are
relevant to the Annex | Sandbanks which are slightly covered by sea water all the time feature, and
associated sub-features, of the Wash and North Norfolk Coast SAC.

e To ensure that, subject to natural change, the extent and distribution of qualifying natural
habitats are maintained;

e To ensure that, subject to natural change, the structure and function (including typical
species) of qualifying natural habitats are maintained; and

e To ensure that, subject to natural change, the supporting processes on which qualifying
natural habitats are maintained.

Each of these Conservation Objectives and their associated attributes are considered in turn
below, in line with the approach taken for Hornsea Three alone in Table 9.1 of Appendix A of the
RIAA.

To ensure that, subject to natural change, the extent and distribution of qualifying natural habitats
are maintained:
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Presence and spatial distribution of biological communities: While a small proportion of the
extent of the sandbank habitats of the SAC may be affected by temporary habitat
loss/disturbance (i.e. up to 0.3% of the total area of the SAC), the vast majority of this would
be affected during Hornsea Three construction, or has already occurred in the case of Race
Bank remedial burial. Full recovery of communities into the discrete areas affected by habitat
loss/disturbance will occur over a period of years (i.e. up to a maximum of five years)
following construction. Following the Hornsea Three construction phase, any further habitat
loss/disturbance would be highly localised and spatially discrete areas (if maintenance
activities are required at all) with no overlap between the projects and recovery of
communities occurring following disturbance. As such, the presence and spatial distribution of
biological communities of the subtidal sandbank communities will be maintained.

Extent and Distribution: As outlined above, the proportion of the subtidal sandbanks affected
by Hornsea Three in-combination with other projects is predicted to be small, even in the
maximum design scenario, with the vast majority of effects occurring during Hornsea Three
construction. Effects will be limited to sub-features of the Annex | sandbanks habitat, all of
which have the potential to fully recover, with no direct impacts predicted on Annex |
sandbanks features. As such, the total extent and spatial distribution of subtidal sandbanks
will be maintained.

2.13 To ensure that, subject to natural change, the structure and function (including typical species) of
qualifying natural habitats are maintained:

Presence and abundance of key structural and influential species: While a small proportion of
sub-features of the Annex | sandbanks habitat will be affected by temporary habitat
loss/disturbance, key species will recover into the areas affected by cable installation and
maintenance operations following cessation of such operations. The abundance of key
species associated with each of the sub-features of the Annex | sandbanks habitat will
therefore be maintained, allowing them to continue to be a viable component of the habitat;
Sediment composition and distribution: Following cable installation works for Hornsea Three
and cable maintenance operations for Hornsea Three and the other projects considered,
sediment composition will be altered in highly localised areas where cable works have
occurred, although full recovery of sediments will occur soon after cessation of such
operations. Distribution of sediments across the SAC will be affected in discrete areas where
cable installation operations occur, although will not be affected at the scale of wider Annex |
sandbank feature. The distribution of sediment composition across the feature will therefore
be maintained for the Annex | sandbank feature and its sub-features.

Species composition of component communities: As outlined above, while a small proportion
of the Annex | sandbank habitat feature would be affected by Hornsea Three in-combination
with other projects, component communities will recolonise the areas affected over a period
of years (i.e. up to five years) following cessation of such operations. The species
composition of the component communities associated with the sub-features of the Annex |
sandbanks habitat feature will therefore be maintained.
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Topography: While cable installation and cable maintenance operations associated with
Hornsea Three and the other projects considered in this assessment will result in small scale
bathymetric changes (e.g. cable trenches), these will naturally infill. Where remnant trenches
persist for longer periods of time, these are not expected to have implications for sediment
transport, but will be local seabed depressions which will infill over time. The presence of
topographical characteristics of the Annex | sandbank feature (and sub-features) will
therefore be maintained.

Volume: Where cable installation occurs, this will result in localised disturbance of sediments,
with these sediments resettling onto the seabed in close proximity to the cable trench.
Sandwave clearance operations will result in localised displacement of sediment, although
the volumes affected are inconsequential in the context of the volume of the Annex |
sandbank feature and relevant sub-features. All sediment cleared during sandwave clearance
operations would be deposited within the SAC, to ensure no sediment is lost to the SAC. As
such, the existing volume of sediment associated with the sandbank feature will be
maintained.

Non-native species and pathogens is not relevant to temporary habitat loss/disturbance
effects from Hornsea Three in-combination with other projects.

2.14 To ensure that, subject to natural change, the supporting processes on which qualifying natural
habitats are maintained:

Sediment movement and hydrodynamic regime: The patterns of processes governing the
overall evolution of Annex | sandbanks within the SAC (e.g. flow regime, water depths and
sediment availability) are at a much larger scale and so would not be affected by the localised
works associated with cable installation at Hornsea Three and the other projects considered
in this assessment. Sandwave clearance operations are not likely to influence the overall form
and function of the Annex | sandbank feature and associated sub-features, and full recovery
of the discrete affected by these activities is predicted over a period of years following
clearance. Hydrodynamic and physical conditions will therefore be maintained such that
natural water flow and sediment movement will not be significantly altered or prevented from
responding to changes in environmental conditions.
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e The remaining attributes associated with this Conservation Objective (i.e. energy/exposure,
sediment contamination, water quality and physico-chemical properties) will not be affected
by temporary habitat loss/disturbance effects from Hornsea Three alone or in-combination
with other projects.

As concluded in paragraph 5.5.1.13 and 5.5.2.36 of the RIAA for Hornsea Three alone, there is no
indication that intermittent temporary seabed disturbance associated with Hornsea Three in-
combination with the projects considered would adversely affect the ability for the Conservation
Objectives of this SAC to be achieved with regard to the environmental quality, natural
environmental processes and extent of the Annex | sandbanks feature or associated sub-features.
Additionally, there is no indication that temporary seabed disturbance would lead to an adverse
change to the physical structure, biological diversity or community structure of typical species that
are representative of Annex | sandbanks feature or associated sub-features. Therefore, no
adverse effect on the integrity of The Wash and North Norfolk Coast SAC from in-combination
temporary habitat loss over the lifetime of the project is concluded.

The following sections consider the potential for in-combination long-term/permanent habitat loss
effects within The Wash and North Norfolk Coast SAC as a result of the installation of cable
protection for Hornsea Three together with the following projects:

e Remedial cable burial works (dredging and back-filling) for the Race Bank offshore wind farm
(Drsted, 2018).

In-combination maximum design scenario

As outlined in paragraph 2.11.2.22 of Volume 2, Chapter 2: Benthic Ecology of the Environmental
Statement and paragraph 5.5.2.2 of the RIAA, there may be up to 46,200 m? of long-
term/permanent habitat loss within The Wash and North Norfolk Coast SAC resulting from the
installation of cable protection (i.e. up to 10% of the 66 km of offshore export cables within the
SAC; up to six cables of up to 11 km in length, up to 7 m width of cable protection per cable). As
the maximum design scenario is for cable protection to remain in situ post-decommissioning, then
there is the potential for this to become permanent habitat loss, as assessed in paragraph
2.11.3.49 et seq. of Volume 2, Chapter 2: Benthic Ecology of the Environmental Statement. A total
of 46,200 m? of habitat loss represents 0.004% of the total area of the SAC in this maximum
design scenario.

As part of @rsted’s application to carry out remedial cable burial works to complete the installation
of the Race Bank offshore wind farm offshore export cables, installation of cable protection within
The Wash and North Norfolk Coast SAC has been proposed. The proposed footprint of this
remedial cable protection material within the SAC is up to 24,132 m? (Qrsted, 2018).
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In-combination with the proposed footprint of up to 46,200 m2 of cable protection for Hornsea
Three, in the maximum design scenario this would result in a total long-term/permanent habitat
loss within the SAC of up to 70,332 m2, which represents a very small (0.0065%) proportion of the
total area of the site.

Proportion of SAC sub-features

The Hornsea Three maximum design scenario for each of the sub-features of the Annex |
sandbanks feature present within the Hornsea Three offshore cable corridor (i.e. Subtidal Coarse
Sediment, Subtidal Mixed Sediments and Subtidal Sand) assumes that all 46,200 m2 of habitat
loss associated with Hornsea Three cable protection occurs entirely within each of these sub-
features. As such, these proportions are not additive, but represent a maximum design scenario for
each of the three sub-features of the Annex | sandbanks feature. This is a highly conservative
assumption, particularly so for Subtidal Coarse Sediments which only extends over 2.1 km of the
part of the Hornsea Three offshore cable corridor coinciding with the Wash and North Norfolk
Coast SAC. The Race Bank remedial cable burial works assessment (Qrsted, 2018) provides more
detailed information on the maximum extent of each sub-feature affected, as that application has
specific information regarding where the cable protection measures are required. Based on these
assumptions, the maximum predicted percentage habitat losses of each sub-feature of the Annex |
sandbank feature of the SAC (as provided in the data supplied by Natural England in November
2018) is presented in Table 3-1.

The Race Bank assessment (Qrsted, 2018) also predicts long-term habitat loss of 2,408 m2 of
Sabellaria spinulosa core reef. As there is not predicted to be any direct impact to Annex | reefs
within the SAC as a result of Hornsea Three (either during construction or the operation and
maintenance phase), there is no predicted in-combination loss of this habitat as a result of
Hornsea Three together with Race Bank.

It should also be noted that the Race Bank application, assumes that habitat loss will be long term
temporary, with cable protection assumed to be removed during decommissioning. The maximum
design scenario for Hornsea Three assumes cable protection will remain in situ following
decommissioning.

It should be also noted that these percentages are highly precautionary as it is highly unlikely that
all habitat loss would occur wholly within one or other of the sub-features.
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Table 3-1: Maximum in-combination long-term/permanent habitat loss over the lifetime of Hornsea Three for
relevant sub-features of the Annex | sandbank feature of The Wash and North Norfolk Coast SAC.

S Proportion of
Sub-feature of | term/permanent P
. sub-feature
Annex | habitat Notes
. affected
sandbanks loss/disturbance L
within SAC
(m?)
. . )
A5.1 Subht’ForaI 50,088 0.14% Inclqdes for Race Bapk. 3,888 m2in
coarse sediment sublittoral coarse sediments.
. . 2
A5.2 Sublittoral 46,780 0.008% Inclgdes for Race Ban. 580 m2in
sand sublittoral sandy sediments.
Includes for Race Bank: 580 m2 in
A5.4 Sublittoral 0 sublittoral mixed sediments and
mixed sediments 53,124 0.07% 6,344 m2 in mosaic habitats (which
includes mixed and stony sediment).

Conclusion - Long-term/Permanent Habitat Loss

3.9 As concluded for the Hornsea Three alone assessment in paragraph 2.11.2.28 of Volume 2,
Chapter 2: Benthic Ecology of the Environmental Statement, based on the very small extents of
habitat loss and the continued ecological functioning within the areas affected (i.e. through the use
of appropriately sized rock protection allowing for some recolonization by native communities), the
cumulative effect will be of minor adverse significance, which is not significant in EIA terms.

310 When considering the effects of long term/permanent habitat loss associated with Hornsea Three
in-combination with Race Bank, the following Conservation Objectives are relevant to the Annex |
Sandbanks which are slightly covered by sea water all the time, and associated sub-features, of
the Wash and North Norfolk Coast SAC.

e To ensure that, subject to natural change, the extent and distribution of qualifying natural
habitats are maintained;

e To ensure that, subject to natural change, the structure and function (including typical
species) of qualifying natural habitats are maintained; and

e To ensure that, subject to natural change, the supporting processes on which qualifying
natural habitats are maintained.

3N Each of these Conservation Objectives and their associated attributes are considered in turn
below, in line with the approach taken for Hornsea Three alone in Table 9.2 of Appendix A of the
RIAA.

312 To ensure that, subject to natural change, the extent and distribution of qualifying natural habitats

are maintained:

:
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Presence and spatial distribution of biological communities: Long term/permanent habitat loss
from Hornsea Three and Race Bank is predicted to affect a very small proportion of the
Annex | sandbank feature (i.e. up to a maximum of 0.0065% of the area of the SAC) within
the SAC, in a maximum design scenario. While this is assessed as habitat loss, some
ecological functioning will continue within the areas affected, allowing some recolonisation of
infaunal and epifaunal communities into the areas affected. As such, the presence and spatial
distribution of biological communities of the Annex | sandbank feature will be maintained
within the SAC.

Extent and Distribution: As outlined above, the proportion of the subtidal sandbanks affected
by Hornsea Three in-combination with Race Bank is predicted to be very small in the context
of the broadscale nature of the Annex | sandbanks sub-features, even in a maximum design
scenario. Any effects of cable protection (should these be required for Hornsea Three) will
also be highly localised to discrete sections of the export cables. Effects will be limited to sub-
features of the Annex | sandbanks habitat and the use of rock protection of small grain sizes
will limit the change in the substrate type. As such, the extent and spatial distribution of
subtidal sandbanks will be maintained across the SAC, allowing for natural change and
succession.

3.13 To ensure that, subject to natural change, the structure and function (including typical species) of
qualifying natural habitats are maintained:

Presence and abundance of key structural and influential species: While a very small
proportion of sub-features of the Annex | sandbanks habitat may be affected by cable
protection, the presence and abundance of key structural and influential species will be
maintained across the SAC in general. The use of rock protection of small grain sizes will
allow for some ecological functioning in the discrete areas affected by cable protection. The
abundance of key species associated with each of the sub-features of the Annex | sandbanks
habitat will therefore be maintained, allowing them to continue to be a viable component of
the habitat.

Sediment composition and distribution: As outlined in Table 9.2 of Appendix A of the RIAA,
the placement of cable protection may result in some temporary effects on sediment
transport, although any such effects will be temporary and short lived, with no long term
effects on sediment transport processes. The sediment composition and distribution of
sediments across the wider Annex | sandbank feature will therefore be maintained.

Species composition of component communities: As outlined above, although a very small
proportion of the Annex | sandbank habitat may be affected (i.e. in @ maximum design
scenario for Hornsea Three), the species composition of component communities would be
maintained across the vast majority of the SAC. In the areas affected, some ecological
function would continue, with some colonisation of component infaunal and epifaunal
communities within the areas affected by rock protection. The species composition of the
component communities associated with the sub-features of the Annex | sandbanks habitat
feature will therefore be maintained.

12
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e Topography: The presence of cable protection is not anticipated to alter the topographic
characteristics of the Annex | sandbank feature, particularly in the east of the SAC, where the
local conditions are less dynamic and seabed more homogenous than other parts of the SAC.
The presence of cable protection will not interrupt sediment transport, nor would it preclude
the formation of Annex | sandbank features at any point in the future. The presence of
topographical characteristics of the Annex | sandbank feature (and sub-features) will
therefore be maintained.

e Non-native species and pathogens: Due to the large distance between Hornsea Three and
Race Bank, there is not predicted to be an in-combination effect associated with introduction
or spread of non-native species and pathogens. The risk of this impact will also be minimised
by the designed-in measures adopted for Hornsea Three, including a biosecurity plan and
vessels complying with International Maritime Organisation ballast water guidelines.

e Volume: The volume of sediment in the sandbank system would be unaffected by the
presence of cable protection.

To ensure that, subject to natural change, the supporting processes on which qualifying natural
habitats are maintained:

e  Sediment movement and hydrodynamic regime: As outlined in Table 9.2 of Appendix A of the
RIAA, the placement of cable protection may result in some temporary effects on sediment
transport, although any such effects will be temporary and short lived, with no long term
effects on sediment transport processes. Hydrodynamic and physical conditions will therefore
be maintained such that natural water flow and sediment movement will not be significantly
altered or prevented from responding to changes in environmental conditions.

e  Energy/exposure: Impacts associated with cable protection will only exert a highly localised
influence on the tidal and wave regime within the Wash and North Norfolk Coast SAC. The
natural physical energy from waves, tides and other water flows will therefore be maintained,
so that the exposure does not cause alteration to the biotopes, and stability, across the
habitat.

e  Sediment contamination, water quality and physico-chemical properties of features will not be
affected by long term habitat loss/disturbance effects from Hornsea Three in-combination with
other projects.

As concluded in paragraph 5.5.2.7 of the RIAA for the Hornsea Three alone assessment, there is
no indication that localised permanent/long term habitat loss would adversely affect the ability for
the Conservation Objectives of the Wash and North Norfolk Coast SAC to be achieved with
regards to the environmental quality, natural environmental processes and extent of the Annex |
Sandbanks which are slightly covered by seawater all the time feature, especially when
considering the dynamic and transient nature of these habitats. Additionally, there is no indication
that localised permanent/long term habitat loss would lead to any adverse change to the physical
structure, biological diversity or community structure of typical species that are representative of
Annex | Sandbanks which are slightly covered by seawater all the time. As such there is predicted
to be no adverse effect on integrity of the sub-features of the Annex | sandbanks feature from
Hornsea Three alone or in-combination with Race Bank.
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4, Summary
4.1 This note has presented the proportions of Annex | sandbank sub-features of The Wash and North

4.2

4.3

5.

Norfolk Coast SAC that may be affected by temporary habitat loss across the lifetime of Hornsea
Three in the maximum design scenario and demonstrated them to be small: 0.18% of Subtidal
Sand; 2.39% of Subtidal Coarse Sediment; and 1.98% of Subtidal Mixed Sediment.

For in-combination temporary habitat loss, this note has demonstrated that the majority of the
impact will occur during the construction phase for Hornsea Three, from which the benthic
communities are predicted to recover within the timescales outlined in Volume 2, Chapter 2:
Benthic Ecology of the Environmental Statement and the RIAA. Repeat temporary disturbance as
a result of operation and maintenance activities for all projects in the SAC will, if required at all, be
intermittent, affect a very small proportion of Annex | sandbanks habitat, be highly localised and
will not spatially overlap between the different projects. Therefore, communities are anticipated to
fully recover between disturbance events such that, as for the Hornsea Three alone assessment,
no adverse effect on site integrity are predicted.

With respect to the in-combination assessment for Hornsea Three with Race Bank, the information
presented within this note has demonstrated that the proportion of in-combination long-
term/permanent habitat loss is predicted to be very small for the maximum design scenario
(0.0065% of the total area of the SAC). The corresponding proportions of the sub-features which
may be affected is correspondingly small and the conclusions of the in-combination assessment
are the same as those for Hornsea Three alone assessment (i.e. no adverse effect on site
integrity).

References
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Deadline 3

1. Ornithological roadmap
* Toinclude a request for confirmation of the parameters recommended by Natural England.
2. Age class data from aerial surveys as requested at ISH2.
3. Submission of papers requested by the Examining Authority.
« Band (2012) - Using a collision risk model to assess bird collision risks for offshore windfarms.
* Mcgregor et al. (2017) - A Stochastic Collision Risk Model for Seabirds in Flight.
» Parsons et al. (2015) - Quantifying foraging areas of little tern around its breeding colony SPA during chick-rearing.
« Wilson et al. (2014) - Quantifying usage of the marine environment by terns Sterna sp. around their breeding colony SPAs.

Hornsea Project Three - Ornithology roadmap with Natural England for the examination phase
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Deadline 4

Alternative baseline - use of upper confidence limits (densities or population estimates) for December to March in both collision risk
modelling and displacement analysis.
2. Calculation and presentation of collision risk estimates applying those parameters recommended by Natural England:
» Nocturnal activity factors — as described in paragraph 3.13 of WR.
» Density data — use of upper confidence limits for December to March.
» Seasonal definitions — as described in Table 7.1 of WR.
« Apportioning values — a range of apportioning values as indicated in paragraph 7.19 of WR (e.g. multiples of 10).
3. Calculation of displacement mortality applying those parameters recommended by Natural England:
» Population estimates — use of upper confidence limits for December to March.
» Displacement/mortality rates - full matrix will be presented (10-100 for displacement and 1, 2, 5, 10-100 for mortality) with SNCB
guidance on appropriate displacement and mortality rates followed.
» Seasonal definitions - as described in Table 7.1 of WR.
» Apportioning values - a range of apportioning values as indicated in paragraph 7.19 of WR (e.g. multiples of 10).
4. Submission of clarifications in relation to those statistical questions raised by the ExA at ISH1.

—
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Meeting with NE following D4

1. Discussion in relation to the information submitted at Deadline 4 and to understand if the information provided is in line with the
information requested by NE:
»  Presentation of collision risk estimates utilising Natural England’s recommended parameters.
» Presentation of displacement results utilising Natural England’s recommended parameters.
2. Seek to understand whether there’s any additional information that can be submitted that may help to reach agreement on any specific

topics (without prejudice to NE’s position regarding 24 months baseline data).

Hornsea Project Three - Ornithology roadmap with Natural England for the examination phase 5
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Deadline 5

Clarification in relation to HRA screening as requested by the ExA.

Submission of PVA clarifications as requested by Natural England.

Identification of those migratory species considered at other projects in the same migratory front.
Clarification into the use of OSPAR guidance in relation to the effects of lighting.

Application of the SNH apportioning approach for immature auks.

akrowobd-~
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This clarification note presents age class data collected during aerial surveys undertaken across
Hornsea Three plus a 4 km buffer. These data were collected as part of aerial surveys undertaken
between April 2016 and November 2017 across Hornsea Three plus a 4 km buffer.

As part of their Deadline 1 submission, the Applicant submitted age class data that were used to
support the assessments presented in the RIAA as requested by Natural England in their Relevant
Representations (Appendix 3 to the Applicant's submission at Deadline 1 (REP1-169)) (i.e. data
from boat-based surveys). Age class data from aerial surveys were not used as part of the
assessments presented in the RIAA.

Table 1.1 and Table 1.2 present breeding season age class data for gannet and kittiwake
respectively using the seasonal definitions advocated by Natural England. It is not possible to age
puffin during aerial surveys as the defining features for first year puffins (the only age class that
can be distinguished from adult birds during surveys) is not visible in aerial survey data (a dark
face). It is not possible to age guillemot or razorbill (with the exception of juveniles birds which are
not incorporated into the apportioning approach in the breeding season) using any survey
approach as immature birds are indistinguishable from adult birds.

The Applicant does not agree with the seasonal definitions advocated by Natural England which
are taken from Furness (2015). These definitions are not considered to be relevant to the
population of birds occurring at Hornsea Three and are different to those previously advised by
Natural England for use at other projects in the former Hornsea Zone (see Natural England’s
submissions to Deadline 3 and Deadline 5 during the Hornsea Project Two examination). In
contrast, the seasons defined by the Applicant utilise survey data collected at Hornsea Three and
other offshore wind farms to define the movements of birds through the area where impacts will
occur.

However, without prejudice to the Applicant's position on seasonal definitions, in order to respond
to Natural England’s request and to facilitate further dialogue with Natural England, age class data
is presented in this report using the following seasons which are based on the UK breeding
seasons for each species as defined in Furness (2015):

e  Gannet = March to September; and
o  Kittiwake = March to August.

It should be noted that age class data from aerial surveys were not used as part of the
apportioning approach applied in the RIAA for the following reasons:

e  Small sample sizes when compared to the data available from boat-based surveys;

e Inability to age birds on the water;

e A considerable body of scientific evidence (presented in RIAA Annex 3: Phenology,
Connectivity and Apportioning for features of FFC pSPA (APP-054) indicating that the
apportioning values obtained from aerial surveys did not reflect the population structure of
birds at Hornsea Three.
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Gannet

Table 1.1: Monthly age class data for gannet in breeding season months collected as part of aerial surveys

across Hornsea Three

Survey Adult Immature Juvenile Unaged

April 2016 19 0 0 85

May 2016 3 1 0 26

June 2016 7 0 0 23

July 2016 10 6 0 60

August 2016 2 2 0 14
September 2016 3 12 0 10

March 2017 11 0 0 52

April 2017 3 0 0 5

May 2017 3 1 0 17

June 2017 5 0 0 8

July 2017 34 3 0 53

August 2017 37 33 3 128
September 2017 1 22 0 91
NIRAS 4 Orsted
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Kittiwake

Table 1.2: Monthly age class data for kittiwake in breeding season months collected as part of aerial surveys
across Hornsea Three

Survey Adult Immature Juvenile Unaged
April 2016 261 1 0 504
May 2016 173 9 0 254
June 2016 20 1 0 62
July 2016 172 1 0 926
August 2016 25 4 0 103
March 2017 101 22 0 129
April 2017 60 0 0 87
May 2017 50 12 0 294
June 2017 19 13 0 72
July 2017 100 5 0 117
August 2017 63 5 4 27

NIRAS : Orsted
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2nd generation DC grid access for offshore wind farms:
“HVDC in an AC fashion”
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SUMMARY

The high potential of wind power far offshore calls for cost-effective solutions for grid
connection. HVDC is the preferred technology for large scale offshore wind grid access. DC
cables provide a very high power density and can easily cross long distances.

But current offshore DC technology suffers from large converter platforms due to air
insulation, complex topology, high demands on the auxiliary systems, high maintenance
efforts ultimately leading too high life cycle costs. Furthermore the planning, installation and
operation of an HVDC offshore is an unknown territory outside Germany.

The new approach suggested uses

» Compact, robust, encapsulated power electronics which is installed and maintained

like an AC power transformer.

* Encapsulated DC switchgear, which is installed and maintained like an AC GIS.
Result is an HVDC converter which — at first glance — looks like a gas insulated AC
substation. The required platform size and weight is substantially reduced. The monolithic
large converter platform is not needed anymore. The AC Offshore Substations are replaced by
an AC/DC Offshore Substations, where the turbine strings can directly be connected to.

The total top side weight is reduced from approx. 26.000 tons to below 9.000 tons.

The operation costs are reduced as well since there is no complex control and no maintenance
intensive auxiliary equipment like large air conditioning.

Finally the small platform size allows a fast erection in approx. 28 months till first power
transmission. Aux power supply for the turbines can be commissioned even faster, if the
cables are in place. Total project execution time is expected to be 48 months (12 months
FEED-Phase plus 36 months erection)

KEYWORDS
HVDC, diode rectifier, offshore wind, grid access, GIS, platforms, DC switchgear, wind turbine,





Introduction

Summarizing their work on HVDC connected wind power plants CIGRE Study Committee
WG B3.36 concludes: ,similar and often redundant requirements are specified for both
turbines and for HVDC hubs ... (which) may ... lead to oversizing equipment and
implementation of redundant control systems* [1].

Indeed today’s DC connected offshore wind farms contain the most sophisticated power
electronics the industry can deliver: full scale converters are meanwhile standard for offshore
wind turbines and multi-level voltage sourced converters are the most powerful HVDC
converters the manufactures can supply. All this comes at a price and increases complexity.
Therefore SC WG B3.36 suggests “Wind turbines may be requested to control the MVAC
voltage including no-wind conditions... This may reduce the control efforts and avoid
oversizing of the HVDC hubs”.

The most consequent approach to take complexity out of the system and to simplify the HVDC
conversion is to use diode rectifiers. Indeed the diode rectifier is the most simple and robust
AC/DC converter the electrical engineer can think of.

Using diode rectifiers for HVDC was already suggested back in the 70ies [2]. But for onshore
applications controllability and bidirectional power flow are considered to be more important
than the advantages in costs and robustness the diodes pro-vide. In 2010 Ramon Blasco-
Gimenez et al proposed to utilize the capabilities of the converters of state of the art wind
turbines to realize distributed voltage and frequency control of off-shore wind farms connected
with a diode based HVDC Link [3].

I.  SYSTEM OVERVIEW
Figure 1 shows a simplified single line diagram of the proposed grid access system.
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Figure 1. Simplified single line diagram on one platform

The system utilizes a modular approach: 6 rectifiers are placed on 3 platforms. This modular
approach provides the following benefits:
+  Stepwise erection of the DC platforms is feasible





* In case of maintenance or failure a platform can be bypassed while the other platforms
continue to operate. This results in a high availability of power transmission capacity.

*  Equipment and platform sizes and weights are in a range good to handle (transport and
installation)

* The DC platforms can be distributed to optimize the wind farm layout and minimize
array cable length and losses

During no wind situations auxiliary power is provided by an auxiliary power cable, which can
be commissioned in advance of and completely independent of the DC link. This cable can be
connected to the onshore grid or to a neighbouring existing OWF or VSC platform.

Each of the rectifiers provides a DC voltage of 106.7 kV DC resulting in a DC voltage of +-
320 kV as state of the art.

II. 'THE DIODE RECTIFIER UNIT

Traditional HVDC converters are air insulated and have therefore limitations in reducing their
size due to the weak voltage withstand capability of air.

Liquid insulation as used in power transformers instead of air can dramatically reduce the
required insulation distances up to 80%.

Furthermore years of experience with traditional HVDC converters have shown that simple
solutions are more robust due t¢ptheiodesroasashaansbeumf &lgctric components. The simplest
solution that can be done is a digdle $¥eRFe?016
The Diode Rectifier unit combihes the active component of a [transformer together with a 12-
pulse diode rectifier and DC snpoothing-reactors in a common tank filled with synthetic ester
(regarding the pulse choice see ¢ur reasoning in [4]).
The insulation liquid allows the| reduction of the size of the complete unit and is also used for
cooling of the diodes and their RC-circuit. That can be done With a single cooling system for
both, transformer and rectifier.
The reduced number of electric| components especially on high potential on the one hand and
the lack of auxiliary equipmenyt that needs power supply on|other hand leads to very low-
maintenance and meets the requirements for harsh offshore enyironment conditions. Therefore
a diode rectifier is ideal when it comes to the reduction of parts that could cause failures and
system trips. Compared to thyristors. diodes do neither need protection against steep rise of
current when fired and are not susceptible for failure events within the recovery time nor do
they require for firing and monitoring electronics.

The electrical circuit of the diode rectifier itself consists of four simple components per diode-
level: A snubber RC-circuit, a grading resistor and of course the diode with its heat sink itself.
That decreased number of components increases MTTF values dramatically.

By providing enough redundant diode-levels continuous operation can be achieved for up to 30
years without diode replacement and a minimum of maintenance. Regularly checks can be
reduced from monitoring every single semiconductor to a simple pass/fail decision.

The nominal DC voltage of one DRU is 106.7 kV. The rated power is 200MW. With 6 units in
series the DC sums up to +-320kV and a total transmission capacity of 1200MW. AC input
voltage can be 33kV, 66kV or 155kV.
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Cooling

Transformer Rectifier

Figure 2. Diode Rectifier Unit

The integrated approach as shown simplifies the interconnection between transformer, rectifier
and reactor. The assembly and interconnection is done in the factory. The integrated unit can
be fully tested there providing highest quality and reliability.

All 6 units used are identical. The voltage withstand capability vs. ground is always designed
for the full DC voltage of +-320kV, although not really needed for the middle units. By doing
so only a single spare unit has to be kept ready for replacement purposes.

As insulation liquid a ester is used. Due to its higher flash point and the fact that it is
recognized as biodegradable, it is an appropriate choice for an environmentally sensitive
maritime environment.

Diode rectifiers also feature low losses. The total full load losses are about 3% (for 115km
cable length). This 20% below the losses of the conventional VSC approach.

II. THE DC SWITCHGEAR
The DC switchgear (i.e. bypass switch, earthing switches, disconnectors and measurement
devices) is encapsulated as well, so there is no high voltage in open air at all any more.

This means no costly and maintenance intensive large air conditioning systems are required
like for a VSC and an air insulated DC switchyard. Space savings are around 90%.
The DC switchgear is design based on proven AC GIS technology.

Figure 3. DC compact switchgear





IV. THE DC PLATFORMS

The use of encapsulated diode rectifiers and compact DC switchgear allows to reduce platform
size and weight substantially and to provide small, modular and flexible DC platforms easy to
install and maintain.

The new DC grid access concept does not require any AC Offshore Substations. The turbine
strings can directly be connected to one out of three DC platforms. These are of similar size
than today’s AC Offshore Substations. The total top side weight is reduced from approx.
26.000 tons to only 9.000 tons.

The operation costs are reduced as well since there is no complex control and no maintenance
intensive auxiliary equipment like large air conditioning.

Finally the small platform size allows fast erection of approx. 30 month form order till
commissioning of the first DC platform and start of power transmission. Aux power supply for
the turbines can be commissioned even faster, if the cables are in place. The platforms can be
erected step by step following the turbine installation progress.

Two rectifier 7 ¥ -
units - AC Filter /
\ Reactor

Deck with
switchgear

Figure 4. The new DC platform

The resulting offshore topology is shown in Figure 5 and for comparison the old topology we
refer to in Figure 6.

New concept

Frropr
PR

Distributed small DC
* : platforms a

Onshore HVDC
converter station

Figure 5. New DC Grid Access Topology





Current status

P RTE
P o

: 0SS
Large central
* * DC platform

Onshore HVDC
converter station

Figure 6. Current approach for comparison

V. THE TURBINE CONTROL

Since the rectifier is a purely passive device the WTG have to maintain voltage and frequency
once the umbilical cable which provides initial auxiliary power is disconnected. This is a
novelty, but taking out the offshore VSC with its redundant, complex and proprietary control
features simplifies the sys-tem and makes it actually easier to handle. This is especially true for
Germany, where WTG and HVDC link are built by different companies. System responsibility
is difficult to define and the exchange of confidential technical information is a challenge.
Replacing the offshore VSC by a rectifier simplifies the interface between OWF and TSO. The
assignment of responsibilities is easier. The HVDC converter becomes much more predictable.
It is just a rectifier that behaves like a rectifier does. No VSC “black-box”. No surprises.
The principal control objectives for the network bridge control of the WTG are:

*  Balance power generated by wind farm with that transferred to onshore grid via HVDC

link and / or Umbilical cable.

»  Provide support to offshore system voltage and frequency

To do so, the WTG control has to fulfil the following tasks:

»  Providing reactive power when the park is energized via the auxiliary power cable

*  Adjust the voltage magnitude within the allowed voltage range to control DC power

flow

»  Control frequency when the umbilical cable is disconnected
The concept is designed so that a full converter WTG type is able to fulfil these tasks without
hardware change. Only control firmware needs to be adopted. Details on the proposed WTG
control concept which is compatible with a diode rectifier HVDC, a VSC HVDC and an AC
grind connection can be found in [6].
The ability to operate DFIG ETGs with diode rectifiers was e.g. investigated by Pena et al [5].

VI. CONCLUSIONS
The new approach for DC grid access of offshore wind farms as presented in this paper
provides a number of benefits:
*  Robust offshore AC grid control
. Encapsulated, rugged equipment
* Bio degradable and low flammable insulation
*  Simple and robust power electronics





Easy transport and installation

High reliability, minimal maintenance

No offshore DC converter as single point of failure

Shorter delivery times

Stepwise offshore installation feasible

Fast commissioning of WTG aux power

Up to 1200MW DC

Flexible offshore installation options due to modular rectifier concept

This makes the new DC grid access concept a major contribution to the economic viability of
large scale far shore offshore wind farms.
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