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Chapter 5 tǊƻƧŜŎǘ 5ŜǎŎǊƛǇǘƛƻƴ 

5.1 Introduction 

1 This chapter describes the indicative design scenarios for the project and the methods likely to be adopted for the 
construction, operation and maintenance, and ultimately decommissioning of the proposed Neart na Gaoithe 
offshore wind farm development.   

2 The fabrication of individual project components is not the focus of this Environmental Statement (ES) and is not 
considered in this document.  Delivery and transport of component parts are also not assessed, as these are 
considered to be the responsibility of the supplier, but are described as necessary. 

3 The procurement process and appointment of contractors had not concluded at the time of submission of this 
application and therefore construction techniques and infrastructure design are based on current understanding 
of existing projects and information provided by potential market suppliers.  The actual method of construction 
may deviate from what is described; however, any deviation from that described will be within the parameters of 
the Rochdale Envelope for the development (refer to Section 5.4 for a description of the Rochdale Envelope 
approach). 

4 The onshore infrastructure comprising onshore buried cables and electrical substation development will be 
consented under the Town and Country Planning (Scotland) Act 1997 and is described in the forthcoming onshore 
application and supporting ES.  While 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 the cumulative assessment 
where appropriate. 

5.2 Project Location 

5 Neart na Gaoithe is located approximately 15.5 km from Fife Ness and 16 km from the Isle of May.  The 
development site lies in the outer Firth of Forth and covers an area of 105 km

2
.  Water depths across the site 

range from approximately 40 to 60 m below Lowest Astronomical Tide (LAT).  The export cables are planned to 
run southwest from the site making landfall at Thorntonloch beach to the south of Torness Power Station.  
Figure 5.1 shows the location of the site.  The boundary co-ordinates of the offshore site are given in Table 5.1. 

Easting UTM30N Northing UTM30N 
Longitude (degrees decimal 
minutes) 

Latitude (degrees decimal 
minutes) 

551736 6234720 002° 9.898' W 056° 15.271' N 

552458 6229999 002° 9.255' W 056° 12.721' N 

547554 6229998 002° 13.998' W 056° 12.752' N 

545182 6229999 002° 16.293' W 056° 12.766' N 

541685 6234997 002° 19.628' W 056° 15.479' N 

541238 6235637 002° 20.055' W 056° 15.827' N 

541026 6238611 002° 20.232' W 056° 17.430' N 

543465 6242941 002° 17.826' W 056° 19.752' N 

544801 6243993 002° 16.518' W 056° 20.312' N 

546461 6243751 002° 14.910' W 056° 20.171' N 

Table 5.1: Site co-ordinates 

6 The exact route of the export cables has not been confirmed but co-ordinates for the centre line of the cable 
corridor, in which the dual export cables are proposed to be located, are detailed in Table 5.2. 

 

Easting UTM30N Northing UTM30N 
Longitude (degrees decimal 
minutes) 

Latitude (degrees decimal 
minutes) 

543003 6233007 002° 18.370' W 056° 14.400' N 

538912 6202174 002° 22.600' W 055° 57.800' N 

538783 6202143 002° 22.724' W 055° 57.784' N 

538522 6202080 002° 22.975' W 055° 57.751' N 

537831 6201914 002° 23.641' W 055° 57.665' N 

Table 5.2: Co-ordinates for centre line of cable corridor 

 

Figure 5.1: Location of Neart na Gaoithe offshore wind farm  
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5.3 General Project Programme 

7 The precise details of the construction programme and sequence are not yet confirmed. An indicative project 
installation schedule is shown in Table 5.3. This is based on project consent being achieved in the first quarter 
(Q1) of 2013 which will then permit funding commitment for detailed investigations to be completed in summer 
2013. This in turn will allow the necessary follow-on design and fabrication activities to be programmed in 
advance of installation dates shown. If the geotechnical investigation is not completed in 2013, these dates are 
likely to slip by about one year.  In addition, it is important to note that the indicative durations detailed in Table 
5.3 assume no weather or other unforeseen delays.  Should it be necessary to suspend works for any reason the 
final completion dates cannot be guaranteed. 

Component installation Start date  Duration Completion 

Foundations March 2015 16 months July 2016 

Export cable March 2015 9 months December 2015 

Substation (s) March 2015 9 months December 2015 

Turbines September 2015 12 months September 2016 

Inter-array cabling September 2015 12 months September 2016 

Table 5.3: Indicative offshore construction schedule 

8 The main construction phases and likely sequence (with significant overlaps between phases) are as follows: 

 ̧ Site preparation for foundations, including levelling or pre-piling operations; 

 ̧ Installation of foundations; 

 ̧ Concurrent site preparation for inter-array cabling; 

 ̧ Site preparation for offshore substation; 

 ̧ Installation of substation; 

 ̧ Installation of export cables (concurrent trenching and installation);  

 ̧ Installation of inter-array cables;  

 ̧ Installation of wind turbines; and 

 ̧ Commissioning and energy export. 

9 Offshore works are planned to be carried out all year 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; 

 ̧ Jack-up barges; and 

 ̧ Support vessels. 

5.3.1 Safety Zones 

11 Neart na Gaoithe Offshore Wind Farm Limited (NnGOWL)Σ ƘŜǊŜŀŦǘŜǊ ƪƴƻǿƴ ŀǎ ΨǘƘŜ ŘŜǾŜƭƻǇŜǊΩ will apply for a 
notice declaring safety zones around the wind turbines, foundations and offshore substation platform(s) during 
construction and thereafter for maintenance works.  The safety zone notice will be applied for under 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 Access) Regulations 2007.  The safety 
zone will have a radius of 500 m from the outer edge of the proposed wind turbine.  The safety zones will limit all 
non-project vessels from entering the safety zones, as discussed in 5.10.1. 

12 From time to time during the construction programme and in consultation with the regulators, the developer 
may issue Notices to Mariners (NtM) suggesting advisory safety zones in addition to that covered by the safety 
zone notice to accommodate installation vessels with larger anchor spreads.  NtM will also be issued suggesting 
advisory safety zones in respect of the cable installation works.  This is to protect both the construction vessels 
and other vessels using the surrounding area. 

5.4 The Rochdale Envelope Approach 

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

14 Marine Scotland recognises the difficulty in defining the 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 
ΨwƻŎƘŘŀƭŜ 9ƴǾŜƭƻǇŜΩ, which describes the minimum and maximum parameters of the development to allow an 
evaluation to be carried out.  A description of the Rochdale Envelope Approach is presented in Chapter 6: The 
Approach to Environmental Impact Assessment. 

15 In the October 2011 edition of the Marine Strategy Forum Quarterly Update
1
 it is stated that: 

άWork is underway in consultation with the offshore wind industry and Scottish Natural Heritage (SNH) to produce 
a Scottish Government policy/guidance document on the Rochdale Envelope for developers in Scotland.  The 
ΨwƻŎƘŘŀƭŜ 9ƴǾŜƭƻǇŜΩ ƛǎ ŀƴ ŀǇǇǊƻŀŎƘ ǿƘƛŎƘ ǘǊƛŜǎ ǘƻ ŀŘŘǊŜǎǎ ǎƻƳŜ ƻŦ ǘƘŜ ƛǎǎǳŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƭŀǊƎŜ ǎŎŀƭŜ ƻŦŦǎƘƻǊŜ 
wind projects where, due to the scale, type, timescales, or other factors, there remain limitations in the amount of 
detail that is available on the project at the time at which consent is being sought.  This has been identified as 
being of particular importance to offshore wind applications in Scottish Waters where a number of factors remain 
to be resolved.  This document is due for completion in the near future.έ 

16 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 
Environmental Impact Assessment. 

                                                           
1
 http://www.scotland.gov.uk/Resource/Doc/295194/0122748.doc 
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17 The range of options considered for the Neart na Gaoithe offshore wind farm development is described in detail 
in this chapter, but in summary comprise: 

 ̧ Up to 125 wind turbine foundations, of either jacket or gravity base structure plus ancillary equipment 
such as J-tubes and access facilities.  There is the possibility that scour protection may be required 
particularly if gravity based foundations are used (refer to Section 5.5.2); 

 ̧ Up to 125 wind turbines
2
 between 3.6 MW and 7 MW capacity (refer to Section 5.6.1); 

 ̧ Up to two offshore substations (including foundations) housing electrical infrastructure and potentially 
facilities for operation and maintenance (refer to Section 5.7.1); 

 ̧ Between 85 km and 140 km of inter-array cables (refer to Section 5.7.2); 

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

 ̧ Two export cables (refer to Section 5.7.3); and 

 ̧ Ancillary equipment as necessary, including access facilities and J-tubes (refer to Section 5.8). 

18 The chapter is structured in the above order with the infrastructure being described first, then the installation 
techniques, likely maintenance requirements and finally, decommissioning options.  The project design 
parameters, the Rochdale Envelope, are presented in an overview table in Section 5.15: Neart na Gaoithe 
Rochdale Envelope. 

19 Terrestrial infrastructure will be consented separately and will include: 

 ̧ Transition pit beyond the high water mark; 

 ̧ Transmission cabling from the transition pits to the electrical substation; and 

 ̧ Electrical substation.  

20 Meteorological or anemometry masts (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 to be installed in 2013 with potential for an additional 
two masts to be installed at a later 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 prior to any construction works 
commencing.    

22 The met masts are estimated to be between 103 m and 115 m high (with respect to LAT).  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 salinity, and structural response 
data.  An example met mast is shown in Figure 5.2. 

23 The foundation option for the met masts is not yet confirmed.  Detailed site investigations are planned for 2012 
and 2013 which 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 application. 

24 Another option being considered for the project to supplement data obtained from a met mast is the Light 
Detection and Ranging (LiDAR) technology, which can be used to measure wind speed and direction without the 
need to erect a met mast.  LiDAR units comprise a floating buoy on which meteorological instruments are 
mounted to obtain wind speed and directional data.  These instruments use infrared light beams to measure the 
wind speed and direction at a determined height using the Doppler shift in the reflected signal.  An illustration of 
a typical floating LiDAR structure is given below in Figure 5.3. 

                                                           
2
¢ƘŜ ǘŜǊƳ Ψwind turbineΩ ŀs used in this document is defined to mean the complete tower, nacelle, hub and blades 

 

Figure 5.2: Example met mast at Hornsea offshore wind farm (Source: SMart Wind) 

 

Figure 5.3: Typical floating LiDAR structure with mounted meteorological recording instruments (Source: Subsea World 
News 2011) 
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5.5 Foundation Options 

25 Gravity base foundations and steel jacket foundations are considered to be the most appropriate foundation 
designs for both the wind turbines and the substation(s) in the prevailing site conditions.  Chapter 4: Site 
Selection, Project Alternatives and Design Evolution describes other foundation concepts that were discounted. 

5.5.1 Foundation Installation  

26 The general sequence of foundation installation is broadly similar for both gravity base and jacket foundations.  
The installation sequence is shown in the flow chart in Figure 5.4.  Ballast will not be necessary for jacket 
foundations. 

 

Figure 5.4: Flow chart illustrating generic foundation installation sequence 

5.5.2 Gravity Base Foundations 

27 Gravity base foundations are constructed from reinforced concrete and are generally conical in shape.  The 
foundation is held in place by both the weight distribution of the structure and by the downward force of gravity 
and as a result requires no drilling or piling to hold the foundation in place.  

28 The concept can have various designs, including solid concrete, and hollow concrete caisson with a circular (refer 
to Figure 5.5 and Figure 5.7) or cruciform (cross) shaped base (refer to Figure 5.6).  The perimeter of the base may 
ƛƴŎƭǳŘŜ άǎƪƛǊǘǎέ i.e., a perimeter wall which is designed to enhance the embedment of the gravity base foundation 
by penetrating the seabed.  Where the design includes a skirt, there may be less seabed preparation required, 
however internal grouting of the gap between the seabed and the underside of the base may be necessary.   

29 Preliminary site investigations indicate that gravity base foundations are widely applicable throughout the site.  
Future geotechnical investigations conducted within the project area will help refine structural design parameters 
and may indicate some areas where small location changes (micrositing) are necessary.  

30 Numerous examples of the use of gravity base foundations in deep waters are to be found in the oil and gas 
sector.  Examples of gravity base foundation being used in the offshore wind sector include Thornton Bank 
Offshore Wind Farm in Belgium and Vindeby Offshore Wind Farm in Denmark. 

 

Figure 5.5: Circular hollow concrete gravity base (Source: Gravitas Offshore Ltd) 

5.5.2.1 Dimensions of the Gravity Base Foundations 

31 The dimensions of the gravity base foundation are dependent on the size of turbine which is to be installed and 
the specific site conditions of the final location.  It is likely that the dimensions of the gravity base foundations will 
vary throughout the project because of the variations in water depth and ground conditions at turbine locations.  
Table 5.4 details the likely dimensions of a gravity base foundation on Neart na Gaoithe.  Dimensions are 
provided for both gravity base foundation with a circular footprint and a cruciform footprint.  The dredging 
volumes shown assume that no skirt is used.  The use of a skirt will be evaluated in detailed design and dredging 
volumes are likely to reduce if adopted.  

 
 

 

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) 
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 3.6 MW turbine 4.1 MW turbine 6 MW turbine 7 MW turbine 

Foundation footprint 
diameter (m) 

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

Foundation footprint cross 
dimensions (cruciform 
option) (m) 

20 - 30 by 5 - 7 m 20 - 30 by 5 - 7 m 30 - 40 by 5 - 7 m 30 - 40 by 5 - 7 m 

Area of foundation 
footprint (m

2
) 

300 - 700 m
2
 300 - 700 m

2
 490 - 1600 m

2
 490 - 1600 m

2
 

Seabed preparation 
Dredging in areas where loose sand or soft clay present at seabed plus gravel placement in area of 
dredging to provide a stable platform for foundation. 

Quantity of material 
dredged 

Average of 1,500 m
3
 dredged per foundation.  

Approximately 190,000 m
3
 of material dredged 

over entire site. 

Average of 4,000 m
3
 dredged per foundation.  

Approximately 320,000 m
3
 of material dredged over 

entire site. 

Disposal of dredged 
material  

Dredged material will be disposed of at a licensed disposal area. 

Gravel bed Minimum 530 m
3 
per foundation, Maximum 1850 m

3 
per foundation 

Depth of gravel bed 
The gravel beds will be an average of 1.5 m deep. In areas of very soft sediment gravel bed could be up to 
4 m deep, this is expected to be the case in less than 5% of turbine locations.  

Extension of gravel bed 
beyond foundation 
perimeter 

2 ς 4 m 2 ς 4 m 2 ς 4 m 2 ς 4 m 

Foundation material 
The gravity base structure will be reinforced concrete. This will be filled with a ballast of sand which has 
been dredged from the turbine location in seabed preparation and sand/gravel which has been sourced 
from a licensed dredging area.  

Foundation installation 
duration  

Dredging 4 - 7 days, gravel bed placement 4 - 7 days, foundation placement and filling 4 - 7 days scour 
protection placement 7 - 14 days.  

Scour protection and 
footprint size (m) 

Scour protection extends 5 - 8 m outside foundation perimeter.  

Table 5.4: Gravity base foundation parameters 

 
Figure 5.6: Cruciform foundation with dimensions of 40 m by 7 m 

32 The approximate amount of material required for a concrete gravity base foundation is: 

 ̧ Concrete: 2,000 to 5,000 m
3
; 

 ̧ Ballast (dense gravel/sand): 5,500 to 12,500 m
3
; and 

 ̧ Scour protection: 730 ς 1,590 m
3
.  

 

 

Figure 5.7: Components of a circular base gravity base foundation 

5.5.2.2 Installation of Gravity Base Foundation 

33 Depending on weather and physical site conditions, the complete installation process could take between 19 and 
35 days to install each gravity base foundation (refer to Table 5.5).  A breakdown of the maximum anticipated 
durations at each stage of the process is shown below.  It should be noted that these stages utilise 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. 
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Phase Anticipated duration 

Dredging and gravel base placement 8 -14 days 

Foundation placement and filling 4 -7 days 

Scour protection placement 7 - 14 days 

Table 5.5: Maximum anticipated durations of each stage  

Step 1: Fabrication and Load Out 

34 The gravity base foundations will be fabricated and constructed onshore, with temporary storage located 
onshore or offshore depending upon logistical considerations.  At the time of submission, the fabrication and load 
out areas have not been confirmed.  Onshore impacts associated with fabrication of the bases are not considered 
within this ES. 

Step 2: Seabed Preparation 

35 Gravity base foundations generally require some degree of seabed preparation.  The extent of works is 
dependent on seabed conditions at each location and the design of the gravity base foundation; those 
foundations with skirts will require less seabed preparation.  As a result, there will be varying degrees of seabed 
preparation across the site.  The following sequence is broadly that which may be necessary for each foundation 
position. 

36 Depending on the design adopted, the seabed may need to be levelled if the seabed slope is in excess of 
approximately 1 degree.  Any loose, soft or otherwise compressible sediment present at the surface may need to 
be removed by dredging.  Dredging of loose sand/soft clay can be achieved using industry standard suction 
dredgers (similar to that shown in Figure 5.8).  More dense or stiff soils can be removed using grab excavation 
(refer to figure 5.9).  Dredging vessels typically have a capacity to extract 20,000 to 30,000 tonnes per sailing.  The 
dredged material will be recovered to the surface, and stored on the dredging vessel or on a holding barge before 
transfer to a licensed disposal area. 

 

Figure 5.8: Dredging vessel ς suction dredger (Source: DEME Group) 

37 All dredged material will be disposed of at a licensed disposal site(s).   

38 The process of dredging using a suction dredger is expected to involve the following procedure: 

 ̧ When arriving at the turbine foundation location, the speed of the suction dredger is reduced, the 
draghead(s) is/are lowered to the sea bottom and dredging commences; 

 ̧ The suction dredger takes up a mixture of water and sediments through the draghead(s) and suction pipe 
and pumps the mixture into the hopper well.  The hopper well is an onboard chamber or reservoir which 
holds the dredged material; 

 ̧ The dredged sediment will then settle in the hopper, naturally separating from the water.  The decanted 
water is discharged through the adjustable overflow system.  It should be noted that the water decanted 
via the overflow may contain a fraction of fine material;  

 ̧ When the draught of the vessel reaches the dredging loading mark (by instrumentation onboard) or when 
circumstances do not allow for further loading (i.e., depth limitations), dredging will stop and the suction 
pipe hoisted on deck.  Once the vessel is secured it transits to the discharge site; 

 ̧ Upon arrival at the licensed disposal site, the suction dredger is able to maintain a fixed position if 
required using its onboard DP system; 

 ̧ When the hopper is in position for discharge, the bottom valves/doors are opened.  This technique allows 
for immediate discharge of the dredged sediment; and 

 ̧ Upon completion of discharge, the hopper is cleaned and the bottom doors closed for departure to 
continue the cycle. 

39 It may prove more efficient for the dredger to remain on site and transfer dredged material to a barge which will 
be used to transport it to the disposal site.  A typical dredging and gravel bed laying operation will require up to 
six vessels; a primary dredging vessel plus up to two supporting vessels (one safety vessel and one support/survey 
vessel), and a primary gravel bed vessel plus up to two supporting vessels.  It is likely that dredging and gravel bed 
laying operations will be undertaken concurrently at different foundation locations leading to a maximum of 12 
vessels to be on site in total during these activities.   

Figure 5.9: Seabed dredging by grab excavation for gravity base foundation (Source: Strabag Offshore Wind GmbH) 
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40 Site preparation is concluded by installing a suitable load bearing base which typically is made up of graded 
gravels.  This base layer could extend up to 4 m beyond the perimeter of the gravity base foundation to aid 
stability and placement.  Indications suggest that between 1,100 and 2,200 m

3
 of gravel will be necessary per 

foundation to create this base layer.  Specialist rock placement vessels similar to that shown in Figure 5.12 for 
scour protection 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. 

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

Step 3: Transportation of Foundation to Site 

42 The foundations will be transported individually to the installation site by a barge or transport vessel either 
directly or via a staging port.  Alternatively if the design allows, the foundations may be floated to their final site 
location. 

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

Step 4: Foundation Installation  

44 Installation of individual gravity base foundations commences with the controlled sinking of the foundation to 
settle on the pre-prepared base layer. A Remotely Operated Vehicle (ROV) is used for surveillance to ensure 
proper placement.  Lifting and lowering will be required if a sheerleg barge is used.  A sheerleg barge is one which 
uses a fixed crane, generally at the stern of the vessel.  The sheerleg generally allows heavier lifts due to a 
simplified crane mechanism (i.e., no rotation), in comparison to standard cranes.  A typical sheerleg barge (in this 
case lifting a substation topside) is shown in Figure 5.10.  The sheerleg barge would be supported by up to three 
additional vessels including tugs.  

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

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

47 If the design includes a perimeter skirt, internal grouting of any gap between the seabed and the base may be 
carried out as the final installation operation.  A calcium silicate water mix will be used as the grout material and 
the volume used in this operation will depend on the seating on the seabed.  The grout will be introduced via 
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 12 hours.  

 

Figure 5.10: Sheerleg barge Taklift transporting substation topside (Picture courtesy of CG. Copyright ®vanoordbv-
mennomulder.com) 
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Step 5: Ballast Installation 

48 The ballast, sand or gravel, to be used in the foundation will usually be 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 5.11 illustrates a vessel with this capability.  The ballast installation vessel will be supported by up 
to two support vessels. 

 

Figure 5.11: Schematic of vessel used for filling gravity base foundation (Source: DEME Group) 

Step 6: Scour Protection 

49 Depending on local conditions, gravity base foundations may require some scour protection.  A layer of scour 
protection between 1 to 1.5 m thick will be laid where necessary around the gravity base.  This layer is likely to 
extend from 5 to 8 m from the outer edge of the base plate 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 seaweed; 

 ̧ /ƻƴŎǊŜǘŜ ΨƳŀǘǘǊŜǎǎŜǎΩΤ and 

 ̧ Bags (high strength nylon fibre) of gravel, hardened sand-cement grout or concrete (grout/concrete pre-
filled and hardened onshore).  The bag option may include a technique where the grout is introduced to 
the nylon fibre bag offshore 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 calculations have indicated that if unbound rock is used, the rock particle size is expected to have a 
median diameter of 100 mm.  The expected volume of scour protection is between 730 ς 1,590 m

3 
per 

foundation. 

52 If unbound rock is used, placing of the scour protection can be performed by a fall pipe, wire crane with grab or 
by rock-dumping.  Figure 5.12 illustrates a fall pipe installing scour protection around a gravity base foundation.  
Alternatively, a crane may be used to lower scour protection into position where bags of gravel, grout or concrete 
are deployed and where a fall pipe is not suitable.   

53 Scour protection installation is expected to take 7 - 14 days per location.  The scour protection installation vessel 
will be accompanied by up to two support vessels. 

 

Fig 5.12: Installation of scour protection around cruciform shaped gravity base foundation (Source: Strabag Offshore Wind 
GmbH)  

5.5.2.3 Noise Emissions during Gravity Base Foundation Installation 

54 The effects of noise impacts on biological receptors are discussed in Chapter 12: Ornithology, Chapter 13: Marine 
Mammals, Chapter 14: Benthic Ecology and Chapter 15: Fish and Shellfish Ecology.  Installation of gravity base 
foundations generates very little noise as no piling is required and the foundation sinks to the seabed under its 
own weight.  

5.5.3 Steel Jacket Foundations 

55 Steel jacket foundations are formed of a steel lattice construction comprising tubular steel members and welded 
joints and are fixed to the seabed using piles below each leg of the jacket (refer to Figure 5.13).  Typically piles are 
of hollow steel and are drilled or driven up to 50 m into the seabed sub-strata, relying on the frictional and end 
bearing properties of the seabed for support. Examples of steel jackets being used in the offshore wind sector 
include Beatrice Wind Farm Demonstrator Project, Ormonde Wind Farm in the Irish Sea and Alpha Ventus in the 
German sector of the North Sea. 

56 In addition, jacket foundation structures may also have working and intermediate platforms, boat landing 
facilities and external J-tubes in which the export cables will be housed.  Jacket style foundations are considered 
to encompass both three and four legged conventional jackets and twisted jackets. 

 



  
 

Neart na Gaoithe Offshore Wind Farm Environmental Statement 
 

 
 
   Page 5-9 

5.5.3.1 Dimensions of Steel Jacket Foundations 

57 The dimensions for the key design elements of the jacket foundations are presented in Table 5.6. 

 3.6 MW turbine 4.1 MW turbine 6 MW turbine 7 MW turbine 

Jacket leg spacing at seabed 
level (m x m) 

15x15 - 25x25 15x15 - 25x25 20x20 - 30x30 25x25 - 35x35 

Details of seabed preparation 
A seabed template with up to 4 legs (max leg spacing 35 m by 35 m) will sit temporarily on the 
seabed during pile installation. 

Foundation diameter (m) 
(piles) 

2.5-3.5 2.5-3.5 2.5-3.5 2.5-3.5 

Number of piles per 
foundation 

3 or 4 3 or 4 3 or 4 3 or 4 

Foundation bed penetration 
depth (m) (piling) 

15 - 40 15 - 40 20 - 50 20 - 50 

Foundation installation 
method  

Approximately 3% of piles will be driven only, 7% of piles will be drilled only. 90% of piles will be 
driven-drilled.  Of these an average of 30% of the pile will be driven and 70% drilled. 

Foundation installation 
duration (per foundation) 
(hours) 

Piling (62-180 hours for 4 piles), jacket installation (12-24 hours).  This includes time for setting up 
and changing equipment between piling locations. 

Total seabed occupied by 
jacket (piles, legs and scour 
protection) (m

2
) 

Approximately 225 m
2
 

Table 5.6: Dimensions for the key design elements of the jacket foundations supporting 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); 

 ̧ High strength grout for fixing jacket to piles: 10 to 30 m
3
 per foundation; and 

 ̧ Cementitious grout in annulus of drilled piles: 20 to 115 m
3 
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-washout grout, such as GW80.  This is a blend of ingredients including Ordinary Portland Cement, selected 
pulverised fuel ash and a polymeric additive.  The setting time of the grout is approximately 5 hours.   

 

Figure 5.13: Typical jacket foundation
3
 

 

                                                           
3
 In this diagram, WTG refers to wind turbine generators  
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5.5.3.2 Steel Jacket Foundation Coating and Protection 

60 It is likely that the jacket foundations will require cathodic protection to prevent corrosion.   

61 Usually this takes the form of galvanic anodes; these are usually affixed during the fabrication process to parts of 
the jacket that will be submerged when installed in the final location.  A typical arrangement is shown on Figure 
5.14 below: 

 

Figure 5.14: Anodes affixed to jacket members (source: Keystone) 

62 In addition to this protection, the area of the foundation between the splash zone and the wind turbine tower 
may also be protected with the following coatings during fabrication: 

 ̧ Zinc primer applied preferably as a thermal spray; 

 ̧ A silicon epoxy resin sealant; 

 ̧ A coating of two-part liquid epoxy coating; and 

 ̧ A final coat consisting of polyurethane, is applied by brush or spray, and is normally moisture curing and 
drying if solvent free. 

63 All coatings/paints used will be suitable for the marine environment and will conform to the provisions of 
ISO 20340 and Norsok M-501 standards.  

5.5.3.3 Installation of Jacket Foundations 

Step 1: Fabrication and Load Out 

64 The jacket foundations will be fabricated at an as yet unidentified onshore base.  Once fabricated the jackets with 
transition pieces (refer to Section 5.8.3) attached will be transported to the project site aboard either a transport 
barge or vessel, or on the installation vessel.   

Step 2: Seabed Preparation 

65 Seabed preparation necessary for piling and jacket placement is minimal and at worst will comprise removal of 
problem debris or levelling by dredging. 

Step 3: Transportation to Site 

66 As discussed above, 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 which case additional installation vessels will be 
required for installation.  Alternatively, this may potentially be carried out using a suitably equipped single vessel 
capable of both transport and installation.  In this case, it may be possible to transport multiple jacket 
foundations using a single vessel.  An illustration of such a vessel is provided in Figure 5.15 below.  The precise 
method of transportation to site has not been confirmed at the time of writing.   

 

Figure 5.15: Transportation and installation vessel concept (Source: W3G Marine 2012) 


