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5.1
1 This chapter describes thidicativedesign scenarios for the projeahd the methoddikely to be adoptedor the
construction, operationand maintenanceand ultimately decommissioning of the proposed Neart na Gaoithe
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offshore wind farm development.
Thefabrication of individubproject components is not the focus of this Environmental Statement (ES) ant is
6202174

2
consideredin this document Delivery and transport of component partse also not assessedas theseare

considered to be the responsibility of the supplieut are described as necessary.
The procurement process and appointment of contractors had not concluded at the time of submission of this
application and therefore construction techniques and infrastructure deaigrbased on current understanding
of existing prgects and information provided by potential market suppliefehe actual method of construction
may deviate from what is describgldowever, any deviation frorthat describedwill be within theparametersof
the Rochdale Envelope for the developmdntfer to Section 5.4 for a description of the Rochdale Envelope
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Table5.2: Coeordinates for centre line of cable corridor

approach).
The onshore infrastructure&eomprising onshore buried cables and electrical substation developmidhtbe

4
consented under the Town and Country Planni@gotland)Act 1997and isdescribed in thdorthcomingonshore
application and supporting ESWhile details of the onshore works are not included within this document,
consideration of works at, and adjacent to, the landfall are considered as part of thelatiwrauassessment t ‘? &S 3
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Project Location

Neart na Gaoithe is located approximately 1kmd from Fife Nessand 16km from the Isle of May. The
development site lies in the outer Firth of Forth and covers an area okB5 Water depths across the site

range fromapproximately40 to 60m below Lowest Astronomical TideAT. The export cables are planned to
run southwest from the site making landfall @homtonloch beach to the south of Torness Power Station.

Figure5.1shows the location of the siteThe boundary cerdinatesof the offshore siteare givenin Table5.1.
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[ Neart na Gaoithe
=== Marine Cable Route

B Cable Route Landing Site

546461

Table5.1: Site ceordinates
Theexactroute of the export cables has not been confirmed butacdinatesfor the centre line of thecable

6
corridor, in which thedualexport cables ar@roposed to bdocated,are detailed inTable5.2.

Figure5.1: Location of Neart na Gaoithe offshore wind farm
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General Project Programme

The precise details of the construction programme and sequence are not yet confirmed. An indicative project11
instalation schedule is shown in Tableé35This is based on project consent being achievetthénfirst quarter

(QY) of 2013which will then permit funding commitment for detailed investigations to be completed in summer
2013. This in turn will allow the necessary follow design and fabricatiomctivities to be programmed in
advance of instédtion dates shown. If the geotechnical investigation is not completed in 2013, these dates are
likely to slip by about one yeatn addition it is important to note that the indicative durations detailéa Table

5.3 assume no weather or other unforeseen delagould it be necessary to suspend works for any reason the
final completion dates cannot be guaranteed.

12
Component nstallation Startdate Duration Completion
Foundations March 2015 16 months July 2016
Export @ble March 2015 9 months December 2015
Substation (s) March 2015 9 months December 2015 54
Turbines September 2015 12 months September 2016 13
Inter-array @bling September 2015 12 months September 2016
Table 5.3Indicative offshoreonstruction schedule 14
8 The main construction phases and likely sequemdth significant overlaps between phasesg as follows:
s Site preparation for foundations, including levelling or-pitng operations;
s Instalation of foundations; 15
s Concurrent site peparation for interarray cabling;
s Site preparation for offshore substation;
s Instalation of substation;
s Instalation of export cables (concurrent trenching and inlsttibn);
s Instalation of interarray cables;
s Instalation of wind turbinesand 16
s Commissioning and energy export.
9 Offshore works are planned to be carried altyear round with the majority of works likely to be performed in
the spring and summer months to take advantage of more benign offshore conditions. The overall construction
period of the wind farm is likely to be approximately two years.
10 The offshore construction strategy is likely to make use of the following vessel types:

Dynamic positioning (DP) floating vessels;

5

Jackup barges; and

5

Support vessels.

5

5.3.1

Safety Zones

Neart naGaoithe Offshore Wind Farm Limited (NnGOWL)K SNB I F 4 SNJ 1 y 2 owll apphy fordad K S
notice declaring safety zones around the wind turbines, foundations and offshore substéiform(s) during
construction and thereafter for maintenance watk The safety zone notice will be applied dioder Section 95

of the Energy Act 2004 in accordance with Schedule 16 of the Energy Act 2004 and the Electricity (Offshore
Generating Stations) (Safety Zones) (Application Procedures and Control of Acceks)dRed@007. The safety

zone will have a radius &00m from the outer edge of the proposed wind turbin&he safety zones will limit all
non-project vessels from enterintpe safety zonesas discussed in 5.10.1.

From time to time during the construction prigmme and in consultation with the retpiors, the developer
may issue Noticeto Mariners (NtM)suggestingadviory safety zones in addition to that covered by the safety
zone noticeto accommodate instédtion vessels with larger anchor spreadstM will also be issuegduggesting
adviory safety zonesin respect of the cable instation works. This is to protecboth the construction vessels
and other vessels using the surrounding area.

The Rochdale Envelope Approach

Due to ongoing uncertainties as to the precise nature of the ground conditindshe commercial sensitivities
associated with the procurement procedtsis not possible to finalise the exact layout, location and design of the
offshore infrastructure prior to applying for consent.

Marine Scotland recognises the difficulty in deifgithe project in sufficient detail and has made provision to
accept a more flexible approach whereby the development details are described within the bounds of the
Yw2 OKRI f §whitly d@&fibaslLtie Ghinimum and maximum parameters of the developrieeatlow an
evaluation to be carried out.A description of the Rochdale Envelope Approach is presented in Chapter 6: The
Approach to Environmental Impact Assessment.

In the October 2011 edition of the Marine Strategy Forum Quarterly Updiitestated hat:

OWork is underway in consultation with the offshore wind industry and Scottish Natural Heritage (SNH) to produce
a Scottish Government policy/guidance document on the Roclglaielope for developers in Scotlandhe
Yw2OKRIFES 9y@St215Q A& +Fy FLILINRBFOK 6KAOK GNRSa G2 |
wind projects where, due to the scale, type, timescales, or other factors, there remain limitations in the amount of
detail that is availéle on the project at the time at which consent is being souditis has been identified as

being of particular importance to offshore wind applications in Scottish Waters where a number of factors remain
to be resolvedThis document is due for comptat in the near future.

The final design description will not be confirmed until consent has been granted and the procurement process
has concluded. Further details on the Rochdale Envelope approach are detailed in Chapter 6: The Approach to
Environmentdlmpact Assessment.

! http://www.scotland.gov.uk/Resource/Doc/295194/0122748.doc

11|
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17 The range of options considered for the Neart na Gaoithe offshore wind farm developsaggcribed in detail
in this chapteybut in summary comprise:

Up to 125 wind turbinefoundations, of either jacket or gravity base structureiplancillary equipment
such as}tubes and access facilities There is thepossibility that scour protectionmay be required
particularly if gravity based foundations are ugeefer to Section %.2);

o & o O v 2, B 6 e

Up to 15 wind turbine$ between 36 MW and 7 MW capaity (refer to Section B.1);

Up to two offshore substation§including foundations)housing electrical infrastructure and potentially
facilities for operation and maintenangesfer to Section 5..1); ]

Between 83%m and 14km of interarray cables (refeio Section 5.7.2);

Scour protection on certain areas of the subsea cabling as required (refer to Section 5.7.2);

5

Two export cablegefer to Section ..3); and

5

Ancillary equipment as necessaimycludingaccesdacilitiesand Jtubes (refer to Section B).

5

18 The chapter is structured in the above order with the infrastructure being described first, then thdatistal
techniques, likely maintenance requirements and finaliecommissioning options. The project design
parameters, theRochdale Envelopeare presentedin an overview tablein Section 5.15:Neart na Gaoithe
Rochdale Envelope.

st
Sk
g
St
4

19 Terrestrial infrastructuravill be consented separatelgndwill include:

Transition pit beyond the high water mark;

5

Transmission cabling from the transition pitsthe electrical substation; and

5

Electrical substation.

20 Meteorologicalor anemometry mastg¢met masts) are installed on site to measure wind speed and direction over
a given period of time.

21 It is currently planned for an offshore meteorological mast tarmalled in 2013 with potential for an additional Figure 52: Example met mast at Hornsea offshore wind farm (Source: SMart Wind)

two masts to be installed at kater date. The design parameters of the meteorological mast are detailed in this
chapter but are subject to a separate consent application which will be submitted praamteonstruction works
commencing.

22 The met masts are estimated to be between 103 m and rilbigh (with respect td_A7. There will be an
anemometer to measure wind speed and direction mounted on the top of each mast. Additional instrumentation
will include sensors to measure wave height and direction, sea temperature and saimdtgtructural response
data. An example met mast is showrFgure5.2.

23 The foundation option for the met masts is not yet confirmed. Detailed site investigationdaameegl for 2012
and 2013which will provide additional information on the localised area which will influence the foundation type
selection. All available information will be included in the met mast application documents in support of the
consent applicéon.

24 Another option being considered for the projetd supplement data obtained from a met mai the Light
Detection and Rangind.iDARtechnology, which can be used to measure wind speed and direction without the
need to erect a met mast.LIDAR ung comprise a floating buoy on which meteorological instruments are
mounted to obtain wind speed and directional dat@heseinstruments use infrared light beams to measure the
wind speed and direction at a determined height using the Doppler shift imgfhected signal.An illustration of
a typical floating IDAR structure is given below in Figura.5.

Figure 5.3: Typical floating LiDstRicture with mounted meteorological recording instruments (Source: Subsea World

¢ KS  iBdNMNSine®s used in this documeris definedto meanthe completetower, nacelle huband blades
News 2011)

Pageb-3

(1119



-

) POWER

MAINSTREAM
fé RENEWABLE

Neart na Gaoithe Offshore Wind Farm Environmental Statement

5.5

25

5.5.1

26

Foundation Options

Gravity base€foundationsand steel jacket foundationare considered to be the most appropriate foundation
desigrs for both the wind turbines ad the substation(s) irthe prevailing site conditions. Chapter4: Site
Selectiam, Project Alternatives and Design Evolution descrilteégr foundationconceptsthat were discounted

Foundation Instdiation

The general sequence of foundation in&#ibn is broadly similar for both gravity base and jacket foundations.
The instdation sequence is shown in the flow chart in Figurd. 5Ballast will not be necessary for jacket
foundations.

Fabrication and Load out of Foundations

Seabed Preparation (if necessary)

Foundations Transported to Site

Installation

Ballast Installation (if necessary)

Application of Scour Protection (if necessary)

Figure 5.4Flow chart illustrating generic foundatiamstalation sequence

5.5.2

27

28

Gravity Base Foundations

Gravity basefoundations areconstructed fromreinforced concrete and are generally conical in shafgée
foundation is held in place by both the weigtistribution of the structure and by the downward forad gravity
and as a result requires no drilling or piling to hold the foundation in place.

The concept can have various designs, including solid concrete, and hollow concrete caisson with grefiegular
to Figure 55 and Figure ) or cruciform(cross) shaped bageefer to Figure %). The perimeter of the base may
Ay Of dzR S.e.,a petimedelim@lkvhichis designed to enhance the embedment of the gravity base foundation
by penetrating the seabedWhere the design includes a skithere may be lesseabed preparatiomequired,
howeverinternal grouting of the gap between the seabed and the underside of the base magckssary

29

30

Preliminary site investigations indicate thgtavity base foundations aneidely applicable throughout the site.
Future geotechnical investigations conducted within the project area will help refine structural design parameters
and may indicate some areas whesalllocation changegmicrositing)are necessary.

Numerous examles of the use ofjravity base foundationsn deep waters are to be found in thal and gas
sector. Examples ofyravity base foundatiorbeing used in the offshore wind sector include Thornton Bank
Offshore Wind &rm in Belgium and Vindeby Offshafind Farm in Denmark.

Figure 5.5Circularhollow concretegravity base (Source: Gravitas Offshore Ltd)

5.5.2.1 Dimensions of the Gravity Base Foundatson

31

The dimension®f the gravity base foundation amependent onthe size of turbine which is to be installed and
the specific site conditions of the final locatiolt.is likely that the dimensions of the gravity base foundations will
vary throughout the project because of the variations in water depth and grounditions at turbine locations.
Table 5.4 details the likely dimensions of gravity base foundatioron Neart na Gaoithe. Dimensions are
provided for bothgravity base foundatiorwith a circular footprint and aruciform footprint The dredging
volumes sbwn assume that no skirt is usedhe use of a skirt will be evaluated in detailed design and dredging
volumes are likely to reduce if adopted.

Pages-4
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‘ 3.6 MW turbine ‘ 4.1 MW turbine 6 MW turbine 7 MW turbine 32 The approximate amount of material required for a concrete gravity fasedation is:

Foundation botprint Concrete: 2,000 to 5,0003;

diameter (m) . 5®b
e e e s Ballast (dense gravel/sand): 5,500 to 12, and

dimensions ¢ruciform 20-30by5-7m 20-30by5-7m 30-40by5-7m 30-40by5-7m Scour protection730¢ 1,590m°,
option) (m)

Area offoundation
footprint (m?)

20-30m 20-30m 25-45m 25 -45m >

300- 700m? 300- 700m? 490- 1600m? 490- 1600m?

Dredging in areas where loose sand or soft clay present at seabed plus gravel placement in area of

SIS ST EE dredging to provide a stabldaiform for foundation
. . Average of 1,50én’ dredged per foundation. Average of 4,00én’ dredged per foundation.
Quantity of material . | ? f ial . | 9 f il
dredged Approxw_nate_y 190,006én" of material dredged Approm_matey 320,00 of material dredged over
over entire site entire site

Disposal of dredged

: Dredged material will be di®sed of at a licensed disposal area
material

Gravel bed Minimum 530m? per foundation, Maximum 185(° per foundation

The gravel beds will be an average ofrh.8eep. In areas of very soft sediment gravel bed could be uy
4 m deep, thids expected to be the case in less than 5% of turbine locations.

Depth ofgravel bed

Extension ofgravel bed

beyondfoundation 2¢4m 2¢4m 2¢4m 2¢4m
perimeter
The gravity base structure will be reinforced concrete. This will be filled with a ballast of sand which _
Foundationmaterial been dredged from the turbine location in seabed preparation and sand/gravel which has been soul Foundation Ballast
from a licensed dredging area. I
Foundationinstallation Dredging 4 7 daysgravel bed placement 47 daysfoundation placement and filling-47 days scour
duration protection placement 7 14 days

Scourprotection and

L Scour protection extends-83 m outside foundation perimeter.
footprint size (m)

Table5.4: Gravity base foundation parameters

e J Tube
e )
Scour Protection— = ﬁ%\x
A i Xy
Gravel Bed /
Figure 57: Components of a circular base gravity base foundation
5.5.2.2 Installation of Gravity Base Foundation
33 Depending on wather and physical site conditions, tikempleteinstalation process could take betweel® and

35 days to install each gravity base foundatigefer to Table 5.5) A breakdown of the maximum anticipated
durations at each stage of the process is showiowe It should be noted that thesstagesutilise different
vessels as described below, and when one operation is completed at a given foundation location, the vessel will
move to the next location for commencement of the same operation there.

Figure 56: Cruciform foundation with dimensions of 40by 7 m
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- . 37 All dredgedmaterial will be disposed @it alicenseddisposakite(s).
Phase ‘ Anticipated duration ‘
38 The process of dredgingsing a suction dredgés expected to involve the following procedure:
Dredgingand gravel baseplacement 8-14days o ) ) ] . )
s When arriving at the tusine foundation location, the speed of the suction dredger is reduced, the
Foundationplacement andfilling 4-7 days draghead(s) fare lowered to the sea bottom and dredging commences;
Scourprotection placement 7-14 days s The suction dredger takes up a mixture of water aedimentsthrough the draghead(s) and suction pipe
and pumpsthe mixture into the hopper well The hopper well is an board chamber or reservoivhich
Table 5.5Maximum anticipated durations of each stage holds thedredged material;
Step 1: Fabrication and Load Out s The dredgedsedimentwill then settle in the hoppernaturally separating from the water. The decedt
34 The gravitybase foundations will be fabricated and constructed onshore, with temporary storage located V\{attehr IS dls;:lharged thrt;lt#gh tfmad thstab]!ef_ overflct)w_sl){stem. It should be noted that the water decanted
onshoreor offshore depending upon logistical considerations. At the time of submission, the fabrication and load via the overfiow may couain a fraction of ine material,
out areas have not been confirme@®nshoreimpacts associated wittabrication of the baseare not considered . When the draught of the vessel reaches the dredging loading mark (by instrumentation onboard) or when
within this ES. circumstances do notliaw for further loading (i.e., depth limitations), dredging will stop and the suction
Step 2: Sebed Preparation pipe hoisted on deckOnce the vessel is secured it transits to the discharge site
35 Gravity base foundations generally requiseme degree ofseabed preparation The extent of workss . Upon arrival at thelicensed disposal sitethe suction dredger is able to mainta fixed position if
dependent on seabed conditions at each loea and the design of thegravity base foundationthose required using its onboard D&ystem
foundatlt(.)ns with sklrr:s W.'t"_]r_f]quf'r(ﬁ Iegs seabed prepaLatm(;al at:]es;ultrt]rg;e k\)N ill be varylng%; degrert]a ? of Zeetx-bed s When the hopper is in position for discharge, the bottom valves/doors are opened. This technique allows
Eg;ﬂagz ion across the siteThe following sequence is broadly that w ybe necessary for each foundation for immediate discharge of theredged sdiment and
36 Depending on the design adopted, tlseabedmay need to be levelled if theeabedslope is in excess of > Upof‘ completion of discharge, the hoppe cleaned and the bottom doors closed for departure to
. . . : continue the cycle.
approximatelyl degree. Any loose soft or otherwisecompressible sedimergresent at the surfacenay need to
be removed by dredging Dredgingof loose sand/soft clagan be achieved usinmdustry standard suction 39 It may prove more efficient for the dredger to remain on site and transfer dredged material to a barge which will

dredgers (similar to that showim Figure 5.8 More denseor stiff soils can beemovedusing grab excavation
(refer to figure5.9). Dredging vesselypically have a capacity to extract 20,000 to 30,8@thesper sailing.The
dredgedmaterial will be recovered to the surfacand stored on thedredgingvessel or on a holding bardefore
transfer to a licensed disposal area.

n I -

be used to transport it to the disposal site. A typical dredgind gravel bed laying operation will require up to
sixvessels; a primary dredging vessel plus up to two supporting vésselsafetyvesseland one support'survey
vesse), and a primary gravel bed vessel plus up to two supporting veslesslikelythat dredging and gravel bed
laying operations will be undertaken concurrently at different foundation locations leading to a maximum of 12
vessels to be ogite in total during these activities.

..;' R ——

Sl

-
-
- 7 /

/

WP e evase

Figure 5.9 Seabed dredginlgy grab excavatiofor gravity base foundatiofSource: Straba@ffshore Wind GmbH
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40

41

42

43

44

45

46
47

Site preparation is concluded by installing a suitable load bearing base which typically is made up of gradec
gravels. This base layer could extend upttom beyond the perimeter of the gravitpase foundation to aid
stability and placement. Indications suggest that between 1,100 and a0 gravel will be necessary per
foundation to create this base layer. Specialist rock placement vessels similar to that shown irbHigfioe

scour praection placement will be used for gravel bed placement. In this phase of the operations, the gravel bed
placement vessel will be accompanied by up to two support vessels.

To prevent back fill of soft sediments prior to the placement of the graded bésdikely that dredging and base
layer placement activities will take place in immediate sequence.

Step 3: Transportatioof Foundationto Site

The foundations will be transported individually to the inktabn site by a barger transport vessekither
directly or via a staging portAlternatively if the design allows, the foundations may be floated to their final site
location.

A typical foundation transportation operation will require four vessels; a primary vessel plus three supporting
vessels/bargs/tugs. It is likely that transportation barges will be operating concurrently site along with
dredging and container vessels.

Step 4: Foundation Instidtion

Instalation of individual gravity base foundations commences with the controlled sinkinigeofoundation to
settle on the preprepared base layerA Remotely Operated Vehicle (ROV)s used forsurveillance to ensure
proper placement.Lifting and lowering will be required ifsheerleg bargés used. A sheerleg bargeone which
uses a fixeccrane, generally at the stern of the vessel. The sheerleg generally allows heavier lifts due to
simplified crane mechanism (i.e., no rotatipim) comparison testandard cranes. A typical sheerleg bafigethis
case lifting a substation topsid& s1own in Figures.10. The sheerleg barge would be supported by up to three
additional vessels including tugs.

If the gravity base foundation is floated to site it will be filled with water when arriving at the liatstal location
to effect a controlledsinking onto the prepared bed. If installed from floating mode up to three vessels will be
used to maintain the gravity base positioning.

The gravity base placement process is expected to take up to 12 hours per foundation.

If the design includes a perirter skirt, internal grouting of any gap between the seabed and the base may be e = P .
carried out as the_flnal_msmﬂtloq oper_atlon. A calcium S|I|c§te water mix will be used as 'Fhe grput material _and Figure 5.10 Sheerleg barg@aklifttransporting substatioropside (Pidure courtesy of CG. Copyright ®v
the volume used in this operation will depend on the segton the seabed. The grout will be introduced via mennomulder.cor

pipes into an area completely sealed by the gravity base skirts and there is therefore no risk of release of grout '

into the marine environment. This operation, if required, is expected to take up to t&ho

anoordbv
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Step 5: Ballast Instédtion

48 The ballastsand or graveto be used in the foundation willsuallybe mixed with water so that it is suitable for
hydraulic pumping. It will be pumped into the foundation using a vessel equipped with a filling tower for this
purpose;Figure 5.11llustrates a vessel with this capabilitfhe ballastnstalation vesseWill be supported by up
to two support vessels.

52 If unbound rock is used lgcingof the scour protection can be performed by a fall pipe, wire crane with grab or

by rockdumping. Figur&.12illustrates a fall pipe installing scour protection aroundravity base foundation
Alternatively, a crane may be used to lower scour protection pusition where bags of gravel, grout or concrete
are deployed and where a fall pipe is not suitable.

53 Scour protection instédtion is expected to take 714 days per location. The scour protection inst#n vessel

will be accompanied by up to twaigport vessels.

Figure5.11 Schematic ofressel used for fillingravity base foundatioSource: DEME Groyup

Step 6: Scour Protection

49 Depending on local conditions, gravity base foundations may require some goutection. A layer of scour
protection between 1 to 1.Bn thick will be laidvhere necessarground the gravity base. This layer is likely to
extend from 5 to 8n from the outer edge of the basdgie perimeter. The scour protection will be placed as
soon as possible after placement of the gravity base foundation.

50 There are several material types used to provide scour protection to foundations and cables which include:

Durable crushed or original rock of defined size range

Artificial fronds or seaweds

/| 2y ONB(GS uwnd GGNBaasSaQr

Bags(high strength nylon fibredf gravel,hardenedsandcementgrout or concrete (grout/concrete pre-
filled and hardened onshore)Thebagoption may include a technique where the grout is introduced to

the nylon fibre bagoffshore through proprietary pipes (the bags being permeable to water but not to
grout).

51 The amount of scour protection to be confirmed in the final design is dependent on the mobility of the seabed.
Preliminary calclations have indicated thaf unbourd rock is usedthe rock particlesize is expected to have a
median diameter of 10enm. The expected volume of scour protection is betwegs0 ¢ 1,590m’ per
foundation.

Fig 5.12Instalation of scour protection around cruciform shaperhvity base foundatiofSource: Straba@ffshore Wind
GmbH

5.5.2.3 Noise Emissions during Gravity Base Foundation Instein

54 The effects of noise impacts on biological reaeptire discussed in Chapter 12: Ornithology, Chapter 13: Marine
Mammals, Chapter 14: Benthic Ecology and Chapter 15: Fish and Stiatiisigy Instalation of gravity base
foundatiors generates very little noise as no piling is required and the foundasinks to the seabed under its
own weight.

5.5.3 Steel Jacket Foundations

55 Steel jacket foundationare formed ofa steellattice construction comprising tubular steel members and welded
joints andarefixed to the seabed using piles below each leg ofjtn&et(refer to Figure5.13). Typically piles are
of hollow steel and are drilled or driven up to B0into the seabed suftrata, relying on the fational and end
bearing properties of the seabed for suppolExamples of steel jackets being used in the offshore wind sector
includeBeatrice Wind Farm Demonstrator Proje@monde Wind &m in the Irish Sea and Alpha Ventus in the
German sector of th&lorth Sea.

56 In addition, jacket foundation structures may also have working and intermedittdopms, boat landing
facilities and externaltubes in which the export cables will be housethcket style foundationare consideed
to encompas®oth threeandfour leggedconventionaljacketsandtwisted jackets
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5.5.3.1 Dimensions ofSteelJacket Foundations

57 The dimensions for the key design elements of the jacket foundatiom presented in Tablg.6.

WITG TOWER

~ PLATFORM
3.6 MW turbine 4.1 MW turbine 6 MW turbine 7 MW turbine —_—— U ‘ / -
ST
. \1 .
Jacketegspacingatseabed | 15,15 55,05 15x15- 25x25 20x20- 30x30 25x25 - 35¢35 3 |
level (m xm) A |
. o . /A
4
Details ofseabedpreparation A seabed tgmtatg V\{Ith up to 4 legs (max leg spacBgm by 35 m) will sit temporarily on the \ // !
seabed during pile instation. ACCESS LADDER \,}( | Splash
a g L ™,
Foundation diameter (m) 2535 2535 2535 2535 | N\ | e
(piles) f r:; N |
[ BOAT LANDING | K bR
Number ofpiles per far A 30r4 30r4 30r4 R ] \ |
foundation [~ /;,- |
. . I [N ||
Foundationbed penetration L THTEI |
depth (m) piling) 15-40 15-40 20-50 20-50 _-EEE:'L#_ ziE_l.:'EIEE:____
Foundationinstallation Approximately 3% of piles will be driven only, 7% of piles will be drilled only. 90% of piles will = f,l'r_}i; U —— EE:_: -
method drivendrilled. Of these an average of 30% of the pile will be driven and 70% drilled. [ 17 ____\g ',
| | |
1 i i |
Foun_datlonlnstallatlop Piling(62-180 hours for 4 piles)acketinstalation (12-24 hours) This includes time for setting up ( .‘f:\ /, "!1 "
duration (perfoundation) . ; o . [N\ an
and changing equipment between piling locations TN A7 1
(hours) [ TN /Y |
| N, a 11
Total seabedoccupied by | ,'I|' f N4 | |
jacket(piles, legs andscour Approximately 225n° .'I ."I |' SAN i Jacket
; [ | AN [ 1
protection) (n) N7 \ | | Structure
. \

Table 5.6Dimensions for the key design elements of the jacket foundatsupgporting turbines

58 The typical amounts of material per jacket foundation are:
Jacket: 200 to 1,000 tonnes (steel);
Piles (3 or 4): 300 to 700 tonnes per pile (steel);
s High strength grout fofixing jacket to piles: 10 to 3®° per foundation; and
s Cementitious grout in annulus of drilled piles: 20 to t¥per pile.
59

The grout used in the annulus of drilled piles and for fixing the jacket to the piles is expected to be high strength
anti-washaut grout, such as GW80. This is a blend of ingredientadimg Ordinary Portland Cemergelected
pulverised fuel ash and a polymeric additive. The setting time of the grout is approximately 5 hours.

Piles

Figure 513: Typical jacket foundatidh

% In this diagram, WTG refers to wind turbine generators

(1]
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5.5.3.2 SteelJacketFoundation Coating and Protection

60
61

It is likely that the jacket foundations will require cathodic protegtio prevent corrosion

Usually this takes the form gfalvanic anodeshese areusuallyaffixed during the fabrication procgsto parts of
the jacketthat will be submergedvhen installed in the final locationA typical arrangement is shown on Figure
5.14 below:

Figire 5.14: Anodes affixed to jacket membelsource:Keystoné

62

63

In addition to thisprotection, the area of the foundatiorbetween the splash zone and the wind turbine tower
may also be protected with the following coatindigring fabrication

Zinc primer applied preferably as a thermal spray;

5

A silicon epoxy resin sealant;

5

A coating of twepart liquid epoxy coatingand

5

5

drying if solvent free.

All coatings/paints used will be suitable for the marine environment and wilfaem to the provisions of
ISO20340 and Norsok N801 standards.

5.5.3.3 Installation of Jacket Foundations

64

65

66

Step 1: Fabrication and Load Out

The jacket foundations will be fabricated at an as yet unidentified onshore base. Once fabricated the jackets with
transition pieces (refer t&ction 5.8.3 attachedwill betransported to the project site aboard either a transport
barge or vessel, or on the ind@ion vessel.

Step 2:SeabedPreparation

Seabed preparation necessary fuiting andjacket placement is minimal and at worst will comprise removal of
problem debiris or levelling by dredging.

Step 3: Transportation to Site

Asdiscussedibove, the fabricated jacket foundations will be transported from the onshore base to the wind farm
site. This may be carried out by means of a transport barge, in wédaske additional instidtion vessels will be
required for instdation. Alternatively, this may potentially be carried out using a suitably equipped single vessel
capable of both transport and instation. In this case, it may beossible totransport multiple jacket
foundations using a single vesséin illustration of such a vessel isopided in Figure 85 below. The precise
method of transportation to site has not been confirmed at the time of writing.

Figure5.15: Transportatiorandinstalation vesselconcept(SourceW3G Marine2012)

A final coat consisting of polyurethane, is applied by brush or spray, and is normally moisture curing and
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