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CONTAINS CONFIDENTIAL INFORMATION 
 

Certain information included in this Construction and Operations Plan (COP) qualifies as trade secrets and/or 
commercial or financial information that is privileged and confidential, and which is exempt from public 
disclosure under the Federal Freedom of Information Act (5 United States Code [U.S.C.] § 552(b)(4)) (as 
reflected in the Bureau of Ocean Energy Management’s [BOEM’s] regulations at 30 Code of Federal 
Regulations [CFR] §§ 585.113 and 585.620). This privileged and confidential information is also exempt from 
public disclosure under the New Jersey Open Records Act (pursuant to New Jersey Administrative Code 
[N.J.A.C.] 47:1A), New Jersey Administrative Code 7:1D-3, National Historic Preservation Act (16 U.S.C. Part 
470w-3) and the Archaeological Resources Protection Act of 1979 (16 U.S.C. Part 4702-3). 
 
Ocean Wind LLC has marked each Appendix in this COP which contains privileged and confidential material 
with the legend “Contains Confidential Information”, and requests that BOEM (and each federal and state 
agency to which a copy of this COP is provided) withhold these designated materials from public disclosure. 
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Figure 6.1.2-1. Examples of displacement plow. 

Where there are steep slopes, large obstructions occur, or boulder density is low, a subsea grab (Figure 6.1.2-
2) may be used. The subsea grab is an effective way to relocate individual boulders with limited interaction with 
and disturbance of the seabed. 

The subsea grab is equipped with a survey and ROV spread to assist in subsea positioning of the grab onto a 
boulder and to record the boulder’s new position. The presence, position, and nature of the boulders will be 
visually confirmed through ROV inspection.  

In shallower waters, a backhoe dredger may be used. A backhoe dredger is a type of mechanical excavator 
mounted on a vessel, pontoon or amphibious vehicle. Backhoe dredgers are widely used in shallow waterways 
and shores to remove vegetation and undertake targeted route clearance. 
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Figure 6.1.2-2. Example subsea grab 
Source: DEME Group; Hornsea 3 2018 

Results of the geophysical surveys will be used to determine where boulder clearing would be required and to 
plan which clearing tool to use.  

6.1.2.1.4 Pre-lay Grapnel Run 

There is a potential to encounter obstructions during installation of the cables, such as abandoned cables, 
fishing gear, and marine debris. Obstructions pose risks of damage to cables and installation tools, as well as 
installation delays. 

Following pre-construction surveys, possible UXO clearance, and boulder clearance, a series of grapnels will 
be towed along the final cable route to locate and clear remaining obstructions prior to cable installation (i.e., a 
pre-lay grapnel run). A pre-lay grapnel run will be undertaken usually no more than two weeks before 
installation of the cable along a particular route length. This is to minimize the risk of obstructions (e.g., fishing 
lines) from obstructing the cable-lay operation as shown in Figure 6.1.2-3.  

 

 

Figure 6.1.2-3. Example pre-lay grapnel run string. 
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Items will be recovered and taken to a licensed disposal facility or if appropriate relocated outside the cable 
route. Results of the survey will be used to determine the need for further clearance activities. Out-of-service or 
abandoned cables crossing the cable route will be recovered, cut, and removed from the cable route. Cable 
removal will be carried out in consultation with the cable owner and in accordance with International Cable 
Protection Committee guidelines. 

6.1.2.1.5 Sandwave Clearance and Dredging 

Sandwaves are generally mobile slopes of sediment on the seabed. Cables must be buried at a depth beneath 
the level where natural sandwave movement would uncover them. In addition, the natural slope of the 
sandwaves can pose a hazard for installation tools that require a relatively level surface to operate effectively. 
In some cases, it is necessary to remove the mobile sediments prior to cable installation.  

Sandwave clearance will be completed as needed within the Wind Farm Area and along the offshore cable 
export corridor in advance of cable installation. Sandwave clearance volumes were estimated based on the 
sandwave height, anticipated cable burial depth, likely installation technique, and required clearance area.  

Sandwave clearance may be undertaken where cable exposure is predicted over the lifetime of the Project due 
to seabed mobility. This facilitates cable burial below the reference seabed. Alternatively, sandwave clearance 
may be undertaken where slopes become greater than approximately 10° (17.6 percent), which could cause 
instability to the burial tool. The work could be undertaken by traditional dredging methods such as a trailing 
suction hopper. Sandwave clearance may also require CFE or sandwave removal plow to side cast material if 
necessary, for cable installation, multiple passes may be required. The method of sandwave clearance will be 
chosen based on the results from the site investigation surveys and cable design.    

Where there is a time gap between sandwave clearing and installation, the area may start to infill. Where this 
occurs, pre-sweeping may be required to remove partial infill, as discussed in the next section.  

Maintenance dredging may be required in the Oyster Creek Federal Channel to allow construction vessel 
access into Barnegat Bay. Dredging for the purposes of cable installation may take place in the Atlantic Ocean 
HDD exit pits and in Barnegat Bay (Prior Channel option and Holtec landfall). 

6.1.2.1.6 Seabed Preparation for Foundations 

Some form of seabed preparation may be required for each foundation type. Seabed preparation may include 
seabed levelling and removal of surface or subsurface debris such as boulders, lost fishing gear, or lost 
anchors. Excavation may be required where debris is buried or partially buried. Seabed preparation for piled 
jacket foundations may include placement of a layer of stone, if conditions are muddy, to prevent the jacket 
structure from subsiding in deep mud or slipping on mud while the first pile is being driven.  

6.1.2.2 Foundations 

Monopiles and transition pieces are expected to be manufactured in Europe and transported across the Atlantic 
Ocean to a U.S. feeder port where their assembly is completed. Potential feeder ports are identified in Section 
4.1.1. Two European-based installation vessels will sail directly to the Wind Farm Area, and the monopiles and 
transition pieces will be transported from the port to the Wind Farm Area using feeder barges. 

Special vessels will be needed to transport and install foundations (see vessels Sections 6.1.2.4.2, 6.1.2.5, 
6.1.2.6.5, 6.1.2.7, and 6.1.2.8). A filter layer and/or scour protection layer (typically rock) (if required) may be 
needed on the seabed and will be installed before and/or after foundation installation.  
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6.1.2.2.1 Monopile Foundations 

Seabed preparation for monopile foundations are usually minimal and typically limited to removal of boulders or 
other obstructions. Monopiles and transition pieces will be transported to the site on installation vessels or on 
dedicated transport vessels. Typical monopile construction activities include the following: 

1. Monopile Delivery - Monopiles may be transported directly to the Wind Farm Area for construction or to 
the construction staging port. Monopiles (and transition pieces) are transported to site by an 
installation vessel or a feeder barge. 

2. At the foundation location, the main installation vessel upends the monopile in a vertical position in the 
pile gripper mounted on the side of the vessel. The pile hammer is lifted on top of the pile to 
commence pile driving. 

3. Pile Driving - Piles are driven until the target embedment depth is met, then the pile hammer is 
removed and the monopile is released from the pile gripper. After the monopile has reached its final 
position, the anode cage will be installed on the monopile. Pile driving during nighttime hours could 
potentially occur when a pile installation is started during daylight and, due to unforeseen 
circumstances, would need to be finished after dark. New piles could be initiated after dark to meet 
schedule requirements.  

5. Transition Piece Installation - Once the monopile is installed to the target depth, the transition piece is 
lifted over the pile by the installation vessel. The transition piece comes fully fitted with boat fenders, 
access ladders, etc. It is also possible for the monopile and transition piece to be fabricated and 
installed as one component, with the boat landing and other ancillary features installed subsequently. 

6. Grouting (or Bolting) - The joint between the monopile foundation and the transition piece may be 
cemented using grout, an inert cement mix. Grout is pumped from the installation vessel or another 
support vessel into the joint and carefully controlled and monitored to prevent loss of grout into the 
surrounding environment. Alternatively, the transition piece may be bolted to the monopile. 

7. Completion - Once installation of the monopile and transition piece is complete, the vessel moves to 
the next installation location. 

8. Scour Protection for Foundations - Several types of scour protection exist, including rock placement, 
mattress protection, sand bags, and stone bags. If scour protection is required, it encompasses the 
placement of large quantities of crushed rock around the base of the foundation structure is the most 
frequently used solution (rock placement). The rock placement scour protection solution may comprise 
a rock armor layer resting on a filter layer. The filter layer can either be installed before the foundation 
is installed (pre-installed) or afterwards (post-installed). Alternatively, by using heavier rock material 
with a wider gradation, it is possible to avoid using a filter layer and pre- or post-install a single layer of 
scour protection. The need for and amount of scour protection required will vary for the different 
foundation types being considered and based on the local site conditions. Flexibility in scour protection 
need and choice is required to accommodate changes in available technology and to allow for the 
most appropriate engineering solution within the design envelope and Project economics. The final 
choice as for the need for and detailed design of scour protection measures for the Project will be 
made after detailed design of the foundation structure, taking into account a range of aspects including 
geotechnical data, metocean data, water depth, foundation type, maintenance strategy, agency 
coordination, stakeholder concerns, and cost. 

6.1.2.2.2 Piled Jacket Foundations 

The installation of piled jacket foundations is similar to monopiles, with structures transported to the site and 
lowered onto the seabed by the installation vessel. The pin piles can be installed either before or after the 
jacket is lowered to the seabed. The pin piles are driven into the seabed, similar to the monopile. Site 
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preparation would be similar to that of the preparation for monopiles, however it would require four times the 
preparation per turbine as for monopile. 

If piles are installed first, a template (welded steel structure) is placed on the seabed to guide the pile locations. 
The piles are installed through the template. The jacket is lowered into position on the piles, and either welded 
or swaged to the piles.  

If piles are installed after the jacket is lowered to the seabed, the piles will be installed through the jacket feet at 
the seabed or through the legs of the jacket from the top of the structure.  

Installation vessels are described in Section 6.1.2.4.2. 

6.1.2.3  Scour Protection 

Scour protection is used to protect the offshore foundations from erosion of the seabed. The maximum area 
and volume of scour protection for each Project component is provided in Section 6.1.1. Scour protection for 
foundations, if required, may be placed pre- and post- installation. Methods of installation may include side 
stone dumping, fall pipe, or crane placement.  

Side stone dumping uses a specialized vessel with a flat deck, which is loaded with stone, and mechanical 
shovels that push rock over the side. Anchors and winches are used for positioning. Side stone dumping may 
be used in water depths less than 164 ft. Fall pipe installation utilizes a fall pipe or string of buckets guided by a 
ROV to move rock from the installation vessel to the seabed.  

6.1.2.4 Turbines 

6.1.2.4.1 General Turbine Installation 

The main components of the turbine (tower, nacelle, and rotors) are expected to be manufactured in Europe 
and shipped across the Atlantic Ocean to the U.S. Once pre-assembly is complete, vessels in full compliance 
with the requirements of the Jones Act (46 U.S.C. § 883) will transport the nacelle-rotor assembly and towers to 
the Project site for installation  

To support the offshore wind industry in the U.S., Orsted is investigating plans to develop an area at Hope 
Creek, NJ, adjacent to PSEG’s nuclear facility, or in Norfolk, VA, into a WTG pre-assembly harbor. Either site, if 
developed, is expected to have utility that is broader than, and not constrained by, the Ocean Wind Project 
scope. The development of a WTG pre-assembly site at either Hope Creek or Norfolk is expected to be 
permitted independently from the Ocean Wind Project as such a site would have independent utility (the Ocean 
Wind Project can be developed without Hope Creek or Norfolk, and Hope Creek or Norfolk can be built without 
the Ocean Wind Project).  

Generally, turbines will be installed using the following process: 

• Turbine components are loaded onto barges, installation vessels or dedicated transport vessels. 
• The barge, transport or installation vessel will travel to the Wind Farm Area.  
• The crane on the installation vessel will lift the components onto the existing monopile foundation.  
• Components will be fastened together as they are lifted into place.  

Pre-Assembly 

At the pre-assembly/load-out harbor, the WTG components will be pre-assembled, prepared for load-out and 
made ready for installation. The load-out harbor also functions as storage for WTG components, ensuring a 
constant supply to the installation vessel transiting between the offshore installation site and the load-out port.  
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The main pre-assembly activity, requiring the most resources, is tower assembly and outfitting. Incoming tower 
sections are inspected for overseas transport damage, and temporarily stored by means of purpose built 
heavy-duty tower lift-trucks. 

When assembling the complete tower structure, the bottom tower section is upended from horizontal to vertical 
and bolted into a temporary tower stacking foundation near the quayside (Figure 6.1.2-4 and 6.1.2-5). 
Thereafter, middle section(s) are stacked and bolted on top, the service-lift is installed inside the complete 
structure, and multiple electrical connections are run for high voltage cable, communication, davit crane and 
nautical marking components. Certification work is carried out on certified structural elements and components. 
Pre-commissioning work prior to load-out includes applying identification-markings and a Quality Control (QC) 
walk-down with the owner’s representative (see Figure 6.1.2-6). 

Nacelles are unloaded at the pre-assembly harbor by means of multi wheelers or a harbor crane. A thorough 
inspection for overseas transport damage is conducted. Pre-assembly consists of mounting the Heli-hoist 
(basket), cooling unit with wind measurement instruments, and aviation marking components. If a nacelle is 
stored for a longer period, it needs to be conditioned by means of dehumidification and rotating of the entire 
drive train (e.g., generator). Prior to load out, the nacelle assembly is pre-commissioned, ID-markings applied, 
and a QC walk-down with the owner’s representative is conducted (see Figure 6.1.2-7). 

WTG blades are stored at the pre-assembly site as well, transported via harbor crane and trucks with special 
trailers. Little pre-assembly or inspection is required (see Figure 6.1.2-8). 

 

 
Figure 6.1.2-4. Upending of tower section in load-out port. 
Source: Gode Wind 2015. 
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Figure 6.1.2-5. Towers assembled and ready at the load-out port. 
Source: Gode Wind 2015. 

 

 
Figure 6.1.2-6. Towers assembled and ready for load-out. 
Source: Gode Wind 2015. 
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Figure 6.1.2-7. Nacelles pre-assembled and ready at load-out port. 
Source: Gode Wind 2015. 
 

 
Figure 6.1.2-8. Blades ready at load-out port. 
Source: Gode Wind 2015. 
 

Wind turbine generator installation  

After pre-assembly of the WTGs, the WTG components (blades, nacelle, and tower) are loaded onto the Jones 
Act-compliant heavy lift installation and transportation vessel or other vessel, such as a barge. WTG 
components are fastened onto the deck of the installation vessel using specially-designed seaworthy 
fastenings. Once fully loaded, WTGs sets can be stored on board for transport and installation offshore (see 
Figure 6.1.2-9).  

Once positioned at the offshore site, the installation vessel jacks-up and connects with a preinstalled foundation 
via gangway. Installation for each WTG is performed in five lifts; tower, nacelle, and three blades. This method 
of installing full towers and single blades from a dedicated installation vessel has proven to be an efficient and 
safe way to install WTGs offshore (see Figure 6.1.2-10). 
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Figure 6.1.2-9. Loading towers onto installation vessel. 
Source: Gode Wind 2015. 
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Figure 6.1.2-10. Installation of a WTG blade. 
Source: Borkum Riffgrund Wind Farm 1, 2014. 
 



 
 

  
Page 121/172 

Wind turbine generator commissioning 

After installation, the WTG is connected to the grid and commissioned. Typically, the onshore substation will be 
energized and connected to the offshore substation, followed by the offshore substation, the array cables and 
finally the turbines. As described in Section 6.1.2.6.1, the array cables will typically be energized before burial 
and by the time the WTGs arrive on site to allow commissioning and the 240-hour run-test to be performed, as 
well as providing a back-feed to the WTG ancillary power supplies. If there is a delay in connecting a turbine to 
the grid, the turbines will need a back-up power supply until a connection can be made. A temporary backup 
diesel generator would be installed at the turbine until the connection is made. 

Atlantic City will serve as the commissioning harbor and commissioning is included in the scope of the WTG 
supplier; however, commissioning would likely be completed by technicians hosted by either a CTV and/or 
dynamic position, or DP2, vessel with a “walk to work” access system (see Figure 6.1.2-11). The DP2 vessel 
uses a gangway system to transfer commissioning technicians to the WTGs and acts as a hotel vessel at the 
same time. CTVs push onto the boat landing on the foundations to allow technicians to ascend the WTG. 
WTGs typically begin producing power 1 to 4 days after installation has been completed.  

 
Figure 6.1.2-11. DP2 vessel and CTV. 
Source: Gode Wind 1 & 2, 2015. 
 
Average installation period (including loading and transport) is expected to be up to 60 hours per turbine, of 
which the actual installation period is expected to be up to 24 hours per turbine. The total duration of installation 
of all turbines is expected to be approximately 12 months. Commissioning will follow installation. 

6.1.2.4.2 Vessels 

Installation vessels will typically be a jack-up vessel to provide a stable platform when on site. It is anticipated 
that up to two jack-up vessels will be used. Jack-up barges towed by tugs may also be used. Where installation 
vessels are not used to transport the turbines to the installation site, dedicated transport, feeder barges, or 
jack-ups would be used for transport.  

In addition, support vessels may be used including crew boats, hotel vessels, tugs, and other miscellaneous 
support vessels if needed (e.g., security vessels). 

Where turbine installation and commissioning are occurring in the same area, up to eight vessels may be 
working simultaneously in 1.9 square miles. 
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Table 6.1.2-1 provides the maximum number of vessels and the maximum number of trips to the Wind Farm 
Area from port that are anticipated throughout the turbine installation period. Table 6.1.2-2 provides details on 
the type of vessels anticipated for turbine and foundation installation. 

Construction vessels may refuel at sea due to multiday offshore operations. However, construction support 
vessels will not refuel at sea. 

Table 6.1.2-1. Wind turbine vessel trips. 

Vessel Type 
Maximum Number of 

Simultaneous Vessels 
Maximum Number of Round Trips 

Per Vessel Type 

Wind Turbine Foundation Installation 
Scour Protection Vessel 1 50 
Installation Vessel 4 99 
Support Vessels 16 396 
Transport / Feeder Vessels 
(including tugs) 

40 396 

- of which are anchored 2 198 
Structure Installation  

Installation Vessels 2 99 
Transport / Feeder Vessels 12 99 
Other Support Vessels 24 594 

 
 
Table 6.1.2-2. Wind Turbine and Foundation Installation Vessel Details. 

Project Component Vessel Details 

Wind Turbine Installation 
  
  

Installation Vessel: 145m long x 60m wide (not including helideck, crane); 
Displacement – 4,3000t 
Unpowered feeder barges: 125m long x 35m wide; Displacement – 21,000t  
Tug:  45m long x 15m wide 

 Foundations 
  
  

Monopile installation:  Floating Heavy Lift Vessel 240m x 50m, Displacement: 61,000T  
Offshore substation installation: Jack Up Vessel 140m x 40m, Displacement 8,000T  
Noise mitigation vessel: 90m x 20m, Displacement 4,900T  

 
6.1.2.5 Offshore Substations  

Ocean Wind assumes that offshore substation supply and fabrication will be from an Asia-Pacific domiciled 
supplier. This assumption reflects alignment with a global supply chain that Orsted applies to its fleet of 
offshore wind farms, leveraging the most competitive fabrication tender prices from the present global market.  

Offshore substations are generally installed in two phases, first the foundation substructure will be installed and 
then the topside structure will be installed on the foundation structure. The foundation substructure and topside 
structure may be transported to the site together or separately. An installation vessel will be used to lift the 
topside onto the pre-installed foundation substructure. Installation is expected to take up to two months per 
platform, not including cable pull-in, which is included in cable installation. The offshore substation topside and 
substructure components will be fabricated at a location to be determined, which is not planned to be in the 
State of New Jersey. Upon fabrication completion, the topside(s) will be sea transported to the site for 
installation (Figure 6.1.2-12). The transportation and installation vessels will be planned to ensure compliance 
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with the Jones Act. The installation window is expected to be 67 days or less for each offshore substation 
(topside and substructure).  

 

Figure 6.1.2-12. Installation of an offshore substation. 

Each substation is expected to require two primary installation vessels. Primary vessels may include self-
propelled jack-up vessels, jack-up barges (towed by tugs), sheerleg barges (either self-propelled or towed by 
tugs), or Heavy-Lift Vessels. Up to 12 support vessels may be required including up to six tug boats, one 
dedicated leveling/dredging vessel, up to two crew boats, and up to two guard boats. In addition, transport 
vessels may be required. Alternatively, foundations and topsides could be transported on the installation 
vessel. The vessel requirements for substation installation are presented in Table 6.1.2-3. 

Table 6.1.2-3. Vessels required for substation installation. 

Parameter Maximum Design Parameters 
Maximum Return Trips per 

Vessel Type 

Primary Installation Vessels 2 12 
Support Vessels 11 72 
Transport Vessels 4 24 
Maximum Duration (days) 67  

 
If a monopile type foundation is used for the substructure, the installation of the substructure will follow the 
same procedure outlined above for WTG foundations and will be carried out by the same vessels used for the 
monopile/transition piece installation for WTGs.  
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An end-to-end commissioning schedule will be developed to ensure the safe operational function, performance 
and integration of the individual mechanical and electrical systems and associated communication signals on 
board the offshore substations. The commissioning phase is segregated into three discrete phases: Factory 
Acceptance Test, Site Acceptance Test, and Site Integration Test. Additionally, a series of off-load tests will be 
performed for first energization of high voltage equipment offshore. The method will be formalized in the 
FDR/FIR, will be reviewed by the CVA, and will be submitted to BOEM prior to construction. Typically, the 
onshore substation will be energized and connected to the offshore substation, followed by the offshore 
substation, the array cables and finally the turbines.  

6.1.2.6 Array Cables  

Ocean Wind assumes that the array cables will be fabricated in the U.S., Europe or the Asia-Pacific region and 
shipped to a staging harbor in Port Elizabeth, New Jersey or Charleston, South Carolina unless transported 
directly to the Project site from the supplier. Depending on the array cable lengths, the array cables will be 
installed as either pre-cut sections, continuous lengths, or a combination of both. Array cables will be buried 
below the seabed where possible. As indicated in Table 6.1.1-7, the target burial depth will be 4 – 6 ft, though 
the final burial depth will be based on Cable Burial Risk Assessment.  

Cable installation timing varies based on weather, sediment conditions and cable lay speed. Table 6.1.2-4 
provides an indicative estimate number of days for installation. This does not include mobilization, transit, port 
calls and down days.  
 
Table 6.1.2-4. Number of installation days for cable sections inshore and offshore. 

Cable Section Estimated Number of Days 
Oyster Creek (Inshore Cable) 56 

Oyster Creek (Offshore Export Cable) 179 
BL England (Offshore Export Cable) 26 

Substation Interconnector Cable 13 
Wind Farm Area (Array Cables) 112 

 

Cables will typically be laid, and post-lay burial will be performed using a jetting tool, if seabed conditions allow. 
Cables may remain on the seabed within the Wind Farm Area for up to two weeks. Alternatively, the array 
cables may be simultaneously laid and buried. Array cables can be installed using a tool towed behind the 
installation vessel to simultaneously open the seabed and lay the cable, or by laying the cable and following 
with a tool to imbed the cable. Possible installation methods for these options include jetting, vertical injection, 
control flow excavation, trenching, and plowing. DP2 vessels with associated support craft will be used to install 
the array cables. The cables will either be loaded from the berth of the cable manufacturer or transported from 
the cable manufacturer to the designated load-out harbor. Interim storage for the cables may be required at the 
load-out harbor. The cable installation vessel loads the cables in batches. Figure 6.1.2-13 provides an 
illustration of typical subsea cable being spooled from a factory or turntable. Post-lay burial of array cables is 
estimated to be performed at a rate of approximately 9.6 km per day (400 m per hour). 
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Figure 6.1.2-13. Subsea cable being spooled from factory/quayside turntable. 

After load-out of the first batch of cable section(s) at the load-out port, the DP2 cable installation vessel will 
transit to the Wind Farm Area and commence cable installation of the first section of subsea cable in the 
direction of the offshore substation. At the offshore substation, a cable protection system is attached to the 
cable and the cable (pulling-head) will be pulled up by a winch through a dedicated J-tube onto the offshore 
substation cable deck, where it will be laid within the offshore substation cable management system. The 
following are steps in installing the cables. 

6.1.2.6.1 First-end pull 

As described in Section 6.1.2.4.1, the array cables are typically pre-installed and terminated within the 
transition pieces before the WTGs are installed. The array strings may be energized before burial and by the 
time the WTGs arrive on site. This allows commissioning and the 240-hour run-test to be performed, as well as 
providing a back-feed to the WTG ancillary power supplies.  

As the cable installation vessel approaches a foundation/transition piece, a winch wire is passed to the vessel. 
A cable protection system is attached to the cable and the cable is directly pulled to the termination point (see 
Figure 6.1.2-14).  

 
Figure 6.1.2-14. First-end pull. 
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6.1.2.6.2 Second-end pull 

The second-end pull requires a “quadrant” to be deployed. As the vessel approaches the foundation/transition 
piece, a winch wire will be passed to the vessel. A cable protection system is attached to the cable and the 
cable is deployed to the seabed on a quadrant. Once the cable reaches the termination point, the quadrant is 
tipped, and the cable is released to the seabed (see Figure 6.1.2-15). However, situations might arise that the 
foundation/ transition piece is not in place. In these cases, the cable end will be temporarily laid down on the 
seabed near the foundation location and the position recorded. After installation of the foundation/transition 
piece, the cable end will be recovered to the cable lay vessel and a second end pull in will be executed. 

The cable second end will be sufficiently sealed and equipped with recovery rigging in order to be temporarily 
laid to seabed, until such time as the monopile is installed to enable pull in.  

The cable and termination will be temporarily laid to a pre-determined corridor, away from the proposed 
monopile. A full subsequent as laid survey will then be carried out in order to provide detailed information of the 
cable route and to enable the monopile installation. 

The cable will be recovered for future pull in, by utilizing a winch wire from the installation vessel and attaching 
to the pre-installed cable recovery rigging. The cable will be hauled to deck and placed within the cable 
tensioner, whereby a suitable length will be recovered in order to enable the final lay and pull in to the 
monopile, utilizing a quadrant setup. 

 
Figure 6.1.2-15. Second-end pull. 

Surveys will be conducted to locate any third-party infrastructure, such as existing cables, that will need to be 
crossed. If array cables must cross third party infrastructure, the cable will be laid, and post-lay burial or post-
lay protection will occur to allow for protection of both the existing infrastructure and the cable installed. This 
protection typically consists of a separation layer on the existing cable (usually a rock berm) as well as a 
protection layer on the array cable. These are described below. Ocean Wind would work with the owner of the 
existing infrastructure to develop a crossing agreement.  

6.1.2.6.3 Cable Protection 

Cable protection may be required where burial cannot occur, sufficient depth cannot be achieved, or protection 
is required due to crossing other cables or pipelines. Rock placement, mattresses, frond mattresses, rock bags, 
or seabed spacers may be used to protect the cable. 

Rock Placement  

Rocks of different grade sizes are placed from a fall pipe vessel over the cable. Initially smaller stones are 
placed over the cable as a covering layer to protect the cable from larger rocks, followed by larger rocks.  

The rocks generally form a trapezoid, up to 4.9 feet above the seabed with a 2:1 gradient. This may vary 
depending on expected scour. The trapezoid shape is designed to protect against anchor drag as well as 
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anchor drop. The length of the protection depends on the length of cable that is not buried or has not achieved 
target depth. Where rock placement is used for crossing another cable or utility, a separation layer may be laid 
on the seabed before rock placement. 

Mattress Placement  

Mattresses generally have dimensions of 19.7 ft by 9.8 ft by 1 foot. They are formed by interweaving a number 
of concrete blocks with rope and wire. They are lowered to the seabed on a frame. Once positioning over the 
cable has been confirmed, the frame release mechanism is triggered, and the mattress is deployed. The 
mattress placement process is repeated over the length of cable that requires additional protection. Mattresses 
provide protection from anchor drop but are less effective at protecting against anchor drag. Where mattresses 
are used for crossing another cable or utility, a separation layer must be laid on the seabed before mattress 
placement. 

Frond Mattress Placement  

Frond mattresses are designed to mimic natural seagrass and promote the formation of protective, localized 
sand berms. Buoyant fronds are built into the mattress and when deployed they float in the water column 
trapping sand. Frond mattresses are installed following the same procedure as general mattress placement. 
The fronds floating in the water column can impede the correct placement of additional mattresses.  

Rock Bags  

Rock bags consist of various sized rocks constrained within a rope or wire netting containment. They are 
placed using a crane and deployed to the seabed in the correct position. Rock bags are more appropriate for 
cable stability or trench scour related issues.  

Seabed Spacers  

Seabed spacers consist of plastic or metal half shell sections that are bolted together to form a circular 
protection barrier around the cable as the cable is installed. Because they must be installed during installation, 
they are only used at areas where it is known burial will not be achieved, such as crossings or rock areas. Rock 
may be placed on top to provide additional protection from anchors or fishing gear.  

6.1.2.6.4 Post-installation survey 

When the cable has been installed, post cable-lay surveys and depth-of-burial surveys will be carried out to 
determine whether the cable has reached desired depth. Remedial protection measures such as rock or 
mattress placement may be required if the target burial depth is not met.  

6.1.2.6.5 Vessels 

During construction, a few different primary ports may be used (See Section 4.1.1). Installation vessels for 
array cable installation include main laying vessels and burial vessels in addition to support vessels. Main 
laying and burial vessels could include barges or DPs, each with three associated anchor handling tugs. 
Anchoring will occur every 1,640 ft, also known as the anchor position spacing. Each main vessel will have up 
to eight anchors spaced 984 to 1,640 ft from the vessel. Support vessels will be required including crew boats, 
service vessels for pre-rigging foundations with cable, and vessels for divers, pre-lay grapnel run, and post lay 
inspection. Table 6.1.2-5 provides the vessel information for array cable installation. Table 6.1.2-6 provides 
details on the type of vessels anticipated for array cable installation.  
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Table 6.1.2-5. Vessels required for array cable installation. 

Parameter 
Maximum Number of 

Simultaneous Vessels 
Maximum Number of Return 

Trips per Vessel Type 

Main Laying Vessels 3 99 
Main Burial Vessels 3 99 
Support Vessels 12 594 
Duration per cable section (days) - 3.5 
Total Duration (months) - 12 

 
Table 6.1.2-6. Array cable installation vessel details 

Construction Activity Vessel Type 
Array Cable Installation – Primary Array Cable Installation Vessels 

Array Cable Lay Approx. Length: 140m; Beam: 30m; Deadweight: 10,000Te 
Trenching Support Approx. Length: 100m; Beam: 30m; Displacement: 12,200Te 

Array Cable Installation– Secondary Support Vessels 
Pre-lay Grapnel Runs Approx. Length: 70m; Beam: 20m; Gross tonnage: 1,660 ITC 
Boulder removal Approx. Length: 95m; Beam: 20m; Deadweight: 3,285 LT 
Survey Approx. Length: 50m; Beam: 12m; Gross tonnage: 615 GT 
Crew Transport Vessel  Approx. Length: 30m; Beam: 11m; Gross tonnage: 235 GT 
Crew transfer and accommodation Approx. Length: 90m; Beam: 20m; Deadweight: 4,870 LT 
Rock Installation Approx. Length: 160m; Beam: 36m; Cargo: 24,000Te 

 
6.1.2.7 Substation Interconnection Cables  

Installation of the substation interconnection cables will be as described for the array cables in Section 6.1.2.6 
or the offshore export cables in Section 6.1.2.8. Vessels required for substation interconnection cable 
installation are provided in Table 6.1.2-7. 

Table 6.1.2-7. Vessels required for substation interconnection cable installation.  

Parameter 
Maximum Number of 

Simultaneous Vessels 
Maximum Number of Return 

Trips per Vessel Type 
Main Laying Vessels 

Included in numbers for 
export and array cables 

8 
Main Burial Vessels 8 
Support Vessels 12 
Duration: per cable (days) 20 
Duration: total (months) 1 

 
The number of days expected to be required to install the substation interconnection cables are shown in Table 
6.1.2-4. 

6.1.2.8 Offshore Export Cables  

Ocean Wind assumes that the onshore and offshore export cables will be fabricated in Europe, the U.S., or 
from the Asia-Pacific region, and shipped to a staging harbor in Port Elizabeth, New Jersey or Charleston, 
South Carolina unless transported directly to the Project site from the supplier. From this port, installation 
vessels will load the cable turntables for transport and installation at the Wind Farm Area.  



 
 

  
Page 129/172 

The cables will be spooled on to the installation vessel in sections, as may be dictated by the vessel’s turntable 
capacity or the specified cable design length (e.g., to accommodate an offshore field-joint at a particular 
location). The cable installation vessel will transport cable from the load-out port to the barge in the nearshore 
section.  

Offshore export cables would typically be buried below the seabed. The offshore export cable installation area 
will be prepared, and cables will be installed in a similar manner described in Section 6.1.2.6 for array cables. 
The installation vessel will transit to and take position at the landfall location and the cable end will be pulled 
into the preinstalled duct ending in the TJB. The installation vessel will transit the route toward the offshore 
substation, installing the cable by simultaneous lay and burial (plow/jetting/cutting) or surface lay and burial by 
a cable burial vessel (jetting/cutting/control flow excavation). It is anticipated that approximately 1 to 3 miles of 
cable would be installed per day during active installation. The offshore export cables are broken into sections 
for installation purposes and the length of these sections are determined by the weight or volume capacity of 
the installation vessels carrying the cable. Where offshore joints or termination at an offshore substation occur, 
up to 328 yards of cable may remain on the seabed until the foundation is installed or the next cable section is 
available for installation or jointing. For offshore joints along the export cable route, transponders will be affixed 
to the end of the cable and the cable will remain on the seabed, to allow the installation vessel to reload for the 
new cable section and return to the site, after which the joint will be made, the cable will be buried, and 
installation of the next section of cable will continue. In the case that the cable installation sequence does not 
allow for immediate jointing, and a significant increase of time is expected between laydown and jointing, then 
exposed cable ends will be temporarily buried and later recovered prior to jointing process. Where offshore 
substation foundations are not ready, the cable will remain on the seabed until the substation foundation is 
ready for a second end pull in. In the unlikely event of unanticipated emergency weather conditions during 
installation, the cable may be cut, sealed and lowered to the seabed to allow the vessel and crew to seek 
safety.   

Installation vessels for offshore export cable installation include main laying vessels, jointing vessels, and burial 
vessels in addition to support vessels. Main laying and burial vessels could include barges or DPs, each with 
three associated anchor handling tugs. Main jointing vessels include barges, DPs, and jack-up vessels, each 
with three associated anchor handling tugs. Anchoring will occur every 1,640 ft, also known as the anchor 
position spacing. Each main vessel will have up to eight anchors spaced 984 to 1,640 ft from the vessel. 

Support vessels will be required including crew boats, service vessels for pre-rigging platforms with cable, and 
vessels for divers, pre-lay grapnel run, leveling, and survey.  

Protection measures will also be installed as described above for array cables as per Section 6.1.2.6.3. A cable 
protection system will be implemented during cable installation. The ends of the cable will be pulled into the 
TJB and the offshore substation cable deck. The number of days expected to be required to install the offshore 
export cables are shown in Table 6.1.2-4. It is estimated that the simultaneous lay and bury lay speed of the 
offshore export cables will be approximately 3 km per day (125 km per hour). This is an average speed which is 
driven by the requirement for the vessel to stop to perform anchor resets. Construction activities such as HDD 
and offshore substation pull-ins and crossings will be multi day operations and are lower than the average daily 
rate. 

Table 6.1.2-8 provides the vessel information for offshore export cable installation. Table 6.1.2-9 provides 
details on the type of vessels anticipated for offshore export cable installation. 
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Table 6.1.2-8. Vessels required for offshore export cable installation. 
Parameter Maximum Design Parameters Maximum Number of Return 

Trips per vessel type 
Main Cable Laying Vessels 3 48 
Main Cable Jointing Vessels 3 36 
Main Cable Burial Vessels 3 48 
Support Vessels 15 72 
Duration per cable section (days) - 59 
Typical Duration (months) - 6 

 
Table 6.1.2-9. Offshore export cable installation vessel details. 

Construction Activity Vessel Type 
Export Cable Installation 

Export Cable Lay (offshore) Approx. Length: 130m; Beam: 30m; Deadweight: 10,800Te 
Trenching Support Approx. Length: 100m; Beam: 20m; Deadweight: 3,000Te 

Export Cable Lay (inshore) 
Approx. Length: 125; Beam: 35m; Depth: 8m Plus Anchor handler 
support vessels 

Export Cable Installation – Secondary Support Vessels 
Pre-lay Grapnel Runs, Boulder Removal, 
Mattressing, Surveys 

Approx. Length: 80m; Beam: 20m; Gross: 2,400 GT 

Survey Approx. Length: 50 m; Beam: 10m; Gross 615 GT 
Anchor Handling Tug Approx. Length: 30m; Beam: 15m; Gross: 345 GT 
Rock Installation Approx. Length: 160m; Beam: 40m; Cargo: 24,000Te 
Crew Transport Vessel Approx. Length: 27m; Beam: 11m; Gross: 235 GT 

 
6.1.3 Construction and Operation Surveys 

Ocean Wind is planning on conducting construction and post-construction HRG surveys. Pre-construction 
geotechnical surveys are described in the survey plan currently under BOEM’s review. At this time no 
construction or post-construction geotechnical surveys are planned. However, if geotechnical surveys are 
needed Ocean Wind will develop a survey plan for BOEM review.  

While the final survey plans will not be completed until construction contracting commences, Ocean Wind 
assumes that HRG survey operations during construction would be conducted 24 hours per day, with an 
assumed daily average survey distance of 70 km. Up to three vessels may be working concurrently within a 24-
hour period and would generally conduct survey effort at a transit speed of approximately 4 knots, which 
equates to 110 km per 24-hr period. However, based on past survey experience (i.e., knowledge of typical daily 
downtime due to weather, system malfunctions, etc.), Ocean Wind assumes 70 km as the average daily 
distance. On this basis, an annual total of 88 survey days (approximately 47.5 survey days in the Offshore 
Wind Farm and 40.5 survey days in the export cable route area) is expected during Years 1, 4, and 5. 

Some inter-year variance in survey locations may be expected, however, 88 survey days annually is 
anticipated to be required regardless of location. It is estimated that a total of 6,110-linear kilometers (km) will 
be needed within the Offshore Wind Farm and export cable route area. Survey effort will be split between the 
Offshore Wind Farm and the ECR area: 3,000 km for the array cable, 2,300 km for the Oyster Creek export 
cable, 510 km for the BL England export cable, and 300 km for the offshore substation interconnector cable.  
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During WTG and offshore substation construction and operation, it is anticipated that up to 180 survey days per 
year will be required, which includes up to 11,000 km of export cable surveys, 10,500 km of array cable 
surveys, 1,065 km of foundation surveys, 250 km of WTG surveys, and up to 2,450 km of monitoring and 
verification surveys. In certain shallow-water areas, vessels may conduct surveys during daylight hours only, 
with a corresponding assumption that the daily survey distance would be halved (35 km). However, for 
purposes of analysis, a single vessel survey day is assumed to cover the maximum 70 km. Multiple vessels 
may conduct HRG surveys simultaneously. 

6.1.4 Operation and Maintenance 

This section provides a description of the reasonably foreseeable planned and unplanned maintenance 
activities for the Project. The Project is anticipated to have an operational life of 35 years. Per the Lease, the 
operations term of the Project is 25 years and will commence on the date of COP approval. It is anticipated that 
Ocean Wind will request to extend the operations term in accordance with applicable regulations in 30 CFR § 
585.235.  

Maintenance activities will include both preventive and corrective maintenance. Preventive maintenance will be 
undertaken in accordance with scheduled services whereas corrective maintenance covers unexpected or 
emergency repairs, component replacements, retrofit programs, and breakdowns. 

Ocean Wind will conduct surveys of foundations, bathymetry, scour (and associated scour protection if 
deployed), and cable burial. The total inspections anticipated over the life of the Project are presented in Table 
6.1.4-1.  

An onshore O&M facility in or near Atlantic City will be used and this facility may serve multiple projects, 
therefore is not a specific part of the Project. The O&M facility is discussed in Section 6.2.3.1. Multiple types of 
vessels will be required for O&M activities, as discussed in Section 6.1.3.5. 

The maximum Operation and Maintenance activities projected over the life of the Project are summarized in 
Tables 6.1.4-2 through 6.1.4-5. Actual activities may be less. Vessel trips associated with Operation and 
Maintenance activities are provided in Table 6.1.2-6. 

Table 6.1.4-1. Total Project offshore surveys of foundations, bathymetry, scour protection and cable 
burial. 

Facility Activity Maximum  

All Offshore Facilities Seabed Surveys - for Bathymetry, Cable Burial Depth, Scour during 
Project lifetime (events) 

38 

 
6.1.4.1 Turbine Foundation and Substation Foundation Maintenance Activities  

Foundation maintenance is anticipated for offshore wind turbines and substations. Ocean Wind will conduct 
inspections of foundations, bathymetry, scour (and associated scour protection if deployed), and cable burial. 
Multibeam echosounder (MBES) surveys are planned to be conducted during Years 1, 4, and 5 post-
commissioning. Subsequently, an optimal survey frequency will be determined based on initial findings. Sonar, 
remotely operated vehicles, drones, and divers may be required. Depending on the inspection, follow up 
maintenance will be performed as needed and may include cleaning (e.g., periodic cleaning of guano or marine 
growth on access ladders), painting, or replacement of access ladders, anodes or J-tubes, as summarized in 
Table 6.1.4-7. Vessels will be used for each type of maintenance to transport crew and materials. Jack-up 
vessels will be required for ladder replacement, anode replacement, and J-tube replacement. 



 
 

  
Page 132/172 

Each subsea foundation component will be cleaned of organic build-up as needed. Marine growth and guano 
will be physically brushed off turbines to break down build-up where required, followed by a high pressure 
wash. Divers may be required.  

Painting will be required at each foundation to protect against corrosion. Offshore turbine foundations may be 
fully painted every ten years and may require touch-up paint every three years. Substation foundations will 
require one full paint job during the life of the Project. It is anticipated that technicians and equipment—largely 
hand tools—will be deployed from a CTV or similar vessel. Surface preparation is required to break down 
existing surface coatings and any associated corrosion prior to painting. 

Access ladders may need to be replaced due to corrosion or damage. 

Anodes are highly active metals which are attached to less active metals to attract the electrolytes that would 
normally corrode and weaken the less active metal. Anodes required for corrosion protection would be 
aluminum or similar reactive metal, which corrodes preferentially, protecting the steel of the turbine or 
substation foundation. Anode replacements are likely to be conducted by divers from a dive support vessel. 

J-tubes are used to protect cables at the WTGs and offshore substations from the power of the sea as the 
cables transition from the foundation to upper parts of the WTG or substation. J-tubes may require 
modifications or corrective maintenance, including alterations to the bell mouth of the J-tubes during cable 
repair or replacement. This may include cutting and re-welding. J-tube repair or replacement would be 
conducted by divers from a diver support vessel or using a jack-up vessel. 

If needed, concrete crack repairs (external work on platform or transition piece) will occur. This would include 
grinding and cutting in concrete, and application of cement mortar and/or epoxy based resins.  

Table 6.1.4-2. Offshore foundation operation and maintenance activities. 
Facility Activity Maximum * 

Wind Turbine Foundations  Repainting (events) 347 
Cleaning (guano removal) (events) 17,325 

Access Ladder Replacement (events) 693 
Anode Replacement (events) 693 
J-tube Replacement (events) 198 

Concrete Crack Repairs (events) 99 
Offshore Substations Repainting (events) 3 

Cleaning (guano removal) (events) 525 
Access Ladder Replacement (events) 21 

Anode Replacement (events) 21 
J-tube Replacement (events) 6 

* Maximum events for the entire Project over the life of the Project. Actual events may be less. 

 

6.1.4.2 Turbine Maintenance Activities 

Routine operation and maintenance activities for the offshore wind turbines include annual and periodic 
maintenance. Annual maintenance includes routine service, safety surveys and checks, oil and HV 
maintenance, and blade maintenance, as well as painting, cleaning and ladder replacement as described 
above. In addition, major overhauls are expected every five to seven years. Fault rectification will take place on 
a rolling basis and it is assumed that there will be up to ten per year per turbine (extreme case).  
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Additionally, major component replacement (e.g., wind turbine blades, blade bearings, hub generators, yaw 
rings, or nacelles) is expected over the life of the Project as listed in Table 6.1.2-8. A suitable jack-up vessel 
and crew boat, like those used during installation, will be required. A second jack-up vessel might be necessary 
acting as feeder vessel. Visits may increase towards the end of the Project life or if the lifetime is extended. 
Jack-up operations outside the lease area might be necessary for some of the positions. 

Table 6.1.4-3. Total WTG operation and maintenance activities. 
Facility Activity Maximum  

Wind Turbines Major Component Replacement (events) 966 

 
6.1.4.3 Offshore Substation Operation and Maintenance Activities  

Each electrical plant will be routinely maintained for preventative maintenance up to 12 times per year. 
Electrical inspections will be undertaken up to twice per year at each item of plant and scheduled maintenance 
may occur annually. Minor fault rectification is anticipated at each plant up to ten times per year. Vessels are 
expected to be required for each type of maintenance to transport crew and materials.  

In addition to routine activities, major component replacements are anticipated at each substation over the life 
of the Project as listed in Table 6.1.2-9. Jack-up vessels for corrective maintenance are anticipated to be 
required for these activities.  

Table 6.1.4-4. Total Project offshore substation operation and maintenance activities. 
Facility Activity Maximum  

Offshore Substations Major Faults/Component 
Replacements (events) 

6 

 
6.1.4.4 Cable Maintenance Activities  

The offshore export cables, inter-array cables, and offshore substation interconnector cables typically have no 
maintenance requirements unless a fault or failure occurs. Cable failures are mainly anticipated as a result of 
damage from external influences, such as anchors and fishing gear. To evaluate integrity of the cables, Ocean 
Wind intends to conduct a multibeam echosounder (MBES) bathymetry survey along the entirety of the cable 
routes immediately following installation (scope of installation contractor), and during Years 1, 4, and 5 after 
commissioning. Survey frequency thereafter will depend on the findings of the initial surveys (i.e., site seabed 
dynamics and soil conditions). Additional surveys may be conducted as needed, such as after a major storm 
event (i.e., greater than 10-year event). Surveys of the cables may be conducted in coordination with scour 
surveys at the foundations. Vessels will be used to transport crew and materials. Sonar, remotely operated 
vehicles and related equipment, drones, and divers may be required. Jack-up vessels may be required for 
cable recovery/repairs within 656 ft (200 m) of the offshore substations and WTGs.  

Portions of the cables are expected to become exposed due to natural sediment transport processes and are 
expected to require scour protection replenishment or reburial. In addition, seabed disturbance would be 
required associated with repair of cable faults. Table 6.1.2-5 provides maximum anticipated reburial and faults, 
as well as estimates for associated jetting, seabed disturbance, and rock placement. Following reburial, survey 
will be conducted to determine the success of reburial.  

Cable faults are expected to occur over the life of the project. Faults would be detected by the wind farm 
protection system and would require location testing using remote diagnostic testing to identify the exact 
location along the cable length. Where a fault is detected, cable will be exposed and repaired or replaced. A 
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new section of cable will be jointed aboard the cable handling vessel. Upon completion of the repair, the cable 
will be lowered onto the seabed and assessed to determine whether it is on or as close as practicable to the 
original cable/trench location. Reburial by a jetting tool is expected. Post-burial survey would be completed to 
determine the success of burial.  

Cable maintenance duration typically lasts up to three months including mobilization, survey, exposing the 
cable, recovery, repair, re-burial, and post-lay survey, however this could be longer due to weather.  

Maximum parameters for cable O&M are provided in Table 6.1.4-5. Ocean Wind is also developing a cable 
monitoring and maintenance plan which will be included in the FDR and reviewed by the CVA. 

Table 6.1.4-5. Total Project offshore cable operation and maintenance activities. 
Facility Activity Maximum * 

Array Cable Remedial Burial for the life of the Project (miles) 13 
Jetting Remedial Burial - Length per event (miles)  1.24 

Jetting Remedial Burial - Width per event (feet) 328 
Jetting Remedial Burial - Seabed disturbance area 

(acres per event) 
49.4 

Cable Faults (number of events) 6 
Cable Faults - Seabed disturbance area per event (acres) 4.9 

Cable Faults - Rock berm area per event (acres) 1.5 
Cable Faults - Rock berm volume per event (cubic yards) 8,800 

Substation 
Interconnector 
Cables 

Remedial Burial for the life of the Project (miles) 1.9 
Jetting Remedial Burial - Length per event (miles)  1.2 

Jetting Remedial Burial - Width per event (feet) 328 
Jetting Remedial Burial - Seabed disturbance area 

(acres per event) 
49.4 

Cable Faults (number of events) 2 
Cable Faults - Seabed disturbance area per event (acres) 4.9 

Cable Faults - Rock berm area per event (acres) 1.5 
Cable Faults - Rock berm volume per event (cubic yards) 8,800 

Offshore Export 
Cables 

Jetting Remedial Burial - Length per event (miles)  1.24 
Jetting Remedial Burial - Width per event (feet) 328 

Jetting Remedial Burial - Seabed disturbance area 
(acres per event) 

49.4 

Cable Faults - Seabed disturbance area per event (acres) 4.9 
Cable Faults - Rock berm area per event (acres) 1.5 

Cable Faults - Rock berm volume per event (cubic yards) 8,800 
Oyster Creek 
Export Cables 

Remedial Burial for the life of the Project (miles) 3.1 
Cable Faults (number of events) 13 

BL England 
Export Cables 

Remedial Burial for the life of the Project (miles) 1.2 
Cable Faults (number of events) 3 

* Maximum events for the entire Project over the life of the Project. Actual events may be less.  
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6.1.4.5 Operation and Maintenance Vessels  

Multiple types of vessels will be required for the O&M activities described above. Annual vessel trips for O&M 
are summarized in Table 6.1.2-6. The Project will use a variety of vessels to support O&M, including CTVs, 
Service Operation Vessels (SOVs), jack-up vessels, and crew and supply vessels. The type and number of 
vessels will vary over the operational lifetime of the Project. For each vessel type, the route plan for the vessel 
operation area will be developed to meet industry guidelines and best practices in accordance with 
International Chamber of Shipping guidelines. The Project will require operational Automatic Identification 
Systems (AIS) on all vessels associated with the construction, operation, and decommissioning of the Project, 
pursuant to USCG and AIS carriage requirements. AIS will be required to monitor the number of vessels and 
traffic patterns for analysis and compliance with vessel speed requirements. All vessels will operate in 
accordance with applicable rules and regulations for maritime operation within U.S. and federal waters. 
Similarly, all aviation operations, including flying routes and altitude, will be aligned with relevant stakeholders 
including FAA. Additionally, the Project will adhere to vessel speed restrictions as appropriate in accordance 
with NOAA requirements. 

CTVs or Surface Effect Ships (SES) would be required and would be active daily except in severe weather. 
Compared to conventional CTVs, SES are high-speed crew transfer air-cushion catamarans that provide a 
combination of high speed and excellent seakeeping for offshore wind farm operation.  

In addition, SOVs built for accommodation and motion compensated gangway transfer of technicians to 
offshore assets would be required. SOVs would typically be used seasonally; however, extended operation 
would be possible.  

Jack-up vessels are mobile platforms that consist of a buoyant hull, that allows the vessel to be easily 
transported, and legs capable of raising the hull above the sea surface. Table 6.1.2-7 provides operations jack-
up vessel parameters. 

Drones and autonomous underwater vehicles may be used for a number of activities associated with O&M. 
These technologies will be used for inspection of the Ocean Wind assets (i.e., for blade inspection, underwater 
foundation inspection, and seabed surveys). As these technologies are constantly evolving and maturing, they 
could also be potentially used for light logistics in the future. 

Table 6.1.4-6. Offshore operation and maintenance vessel summary of maximum annual visits. 
Vessel Type Maximum Number of Trips per year 

Jack-Up Vessels 102 
Crew Vessels 908 
Supply Vessels 104 

 
Table 6.1.4-7. Operations jack-up and anchored vessel parameters. 

Parameter Maximum Design Parameters 

Number of jack-up vessel legs 6 
Area of each leg base at the seabed (ft2) 1,830 
Anchored vessel - anchor dimensions (ft) 32.8 x 32.8 
Anchored vessel - number of anchors per vessel 8 
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6.1.5 Non-routine Activities 

Non-routine activities include items such as corrective maintenance or unscheduled repairs. These 
maintenance activities can be in response to equipment performance, natural phenomenon (e.g., severe 
storms or other natural disaster), or other unanticipated events. Ocean Wind will strive to minimize the need for 
non-routine activities through a Project preventative maintenance program, however unscheduled maintenance 
and repairs will be necessary during the operation of the Project. 

Corrective maintenance is required on an as-needed basis and therefore difficult to estimate and quantify, and 
for this reason proper preparation is imperative. Ocean Wind will implement corrective maintenance as needed 
based on the availability of the key items such as spare parts, workforce, or site accessibility. Corrective action 
may be delayed due to one or more of these items. Ocean Wind will strive to minimize these delays through 
proper planning and regularly scheduled maintenance. 

6.1.5.1 Spare Parts  

Ocean Wind will maintain recommended stocks of spare parts for key Project components to mitigate potential 
downtime from necessary corrective maintenance. Stocks of spare parts and key Project components will be 
based on original equipment manufacturer (OEM) recommendations, reliability of the components and Orsted 
experience. 

As part of the Project maintenance program, Ocean Wind will monitor the use of corrective maintenance stocks 
and purchase additional stocks to maintain recommended levels. Spare parts for corrective maintenance may 
be stored at the Project maintenance facilities, Ocean Wind facilities, OEM facilities, or other storage facilities 
as appropriate. 

6.1.5.2 Workforce 

In the event that staff from the Ocean Wind maintenance staff are unavailable or unqualified to complete a 
necessary repair (e.g., major WTG repairs, offshore substation platform repairs, or export cable repairs), Ocean 
Wind may be required to hire workers to complete the corrective maintenance. These workers could be from 
local workforces (i.e., labor unions or general contractors) or from international repair teams if the local 
workforce is not equipped to execute the necessary corrective maintenance. Ocean Wind will utilize a trained 
maintenance staff and corrective maintenance may be delayed or contingent upon availability of appropriately 
skilled workers.  

6.1.5.3 Site Accessibility 

In the event that maintenance cannot be addressed remotely, such as through the remote monitoring systems, 
corrective maintenance crews may be required to access the Project site to complete the necessary 
maintenance. Maintenance activities for the Project will be coordinated with Orsted’s Health and Safety 
Protocols to provide the safest working conditions for workers completing corrective actions. 

 Onshore Infrastructure and Activities 

The following sections provide a description of construction and installation, O&M, and non-routine activities for 
onshore components of the Project. During the development of the onshore export cable routes and onshore 
substation a number of surveys will be carried out, including ground penetrating radar, service and utility 
searches and geotechnical investigation. These surveys are required to assist with the design of the substation 
and onshore export cable routes.  
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6.2.1 Project Components 

6.2.1.1 Onshore Export Cable  

Onshore cables will connect with offshore cables at TJBs, as described for cable landfall in Section 6.2.2.1, and 
carry electricity to the substation. Each three-core submarine cable will be separated and spliced into three 
separate single-core cables within the TJBs. Each of these single-core cables comprise a single circuit of the 
onshore transmission cable system. The cables will consist of copper or aluminum conductors wrapped with 
materials for insulation protection and sealing. From the TJB the onshore transmission cable system will be 
contained within an underground duct bank to the new proposed onshore substation. 

Onshore cables would be buried and housed within one duct bank, which would require a construction corridor 
and a smaller permanent easement as shown in Table 6.2.1-1. This table provides maximum design 
parameters for onshore export cables which will be finalized during the design phase as available land and 
engineering constraints are better defined.  

Table 6.2.1-1. Onshore export cable parameters. 
Parameter Maximum Design Parameters 

Type of cable XLPE, FF Copper and Aluminum 
Diameter of cable (inches) 8 
Diameter of cable ducts (inches) 13 
Maximum voltage (kV) 275 
Target burial depth (ft) 4* 

Construction Areas and Volumes  
Oyster Creek 

Length of onshore cable route (miles) 5.3 
Cable trenches 2 
Total onshore cables 6 
Corridor width - permanent (ft) 30 
Corridor width - temporary and permanent used for 
construction (ft) 

50 

Corridor area - permanent (acres) 19 
Corridor area - temporary and permanent used for 
construction (acres) 

32 

Number of joint bays 34 
Joint bays total area (acres) 2 
Joint bays spoil volume per pit (cubic yards) 3,000 
Joint bays spoil total volume (cubic yards) 97,200 
Link bays total area (acres) 0.03 
Link bays spoil volume per pit (cubic yards) 9 
Link bays spoil total volume (cubic yards) 311 
Utility bridge length (ft) 200 
Utility bridge height and width (ft) 10 

BL England 
Length of onshore cable route (miles) 8 
Cable trenches 1 
Total onshore cables 3 
Corridor width - permanent (ft) 30 
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Parameter Maximum Design Parameters 
Corridor width - temporary and permanent used for 
construction (ft) 

50 

Corridor area - permanent (acres) 29 
Corridor area - temporary and permanent used for 
construction (acres) 

48 

Number of joint bays  26 
Joint bays total area (acres) 1.5 
Joint bays spoil volume per pit (cubic yards) 3,000 
Joint bays spoil total volume (cubic yards) 19,000 
Link bays total area (acres) 0.02 
Link bays spoil volume per pit (cubic yards) 9 
Link bays spoil total volume (cubic yards) 55 
* Burial depth is target burial rather than maximum burial depth. 
 

  
The duct bank would be concrete-encased and use six polyvinyl chloride (PVC) conduits for the power cables. 
The ducts will be arranged in a 3x4 orientation. There will also be two PVC conduits for fiber optic 
communications cables and two PVC conduits for ground continuity conductors (GCCs). The circuits will be 
housed within this single duct bank and there is currently no plan for spare conduits. Figure 6.2.1-1 shows the 
proposed concrete-encased duct bank cross-section.  
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Figure 6.2.1-1. Typical concrete-encased duct bank cross-section.  

A second possible installation method utilizes direct-buried conduits. For this type of installation, up to eight 
PVC conduits would be arranged in a trefoil configuration (two sets and a spare per circuit), with two PVC 
conduits bundled to each set of the power cable conduits for both fiber optic cable, GCC and a spare 
(Figure 6.2.1-2). 
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Figure 6.2.1-2. Typical direct-buried conduit cross-section. 

In addition to the duct bank packages mentioned above, for the Oyster Creek cable route, the onshore 
transmission cable system may require a crossing of Oyster Creek, which may be accomplished using 
trenchless technologies, cable burial, or an above ground utility bridge. Utility bridges are structures 
constructed exclusively for utilities to cross over highways and waterways and are used as an alternative to 
underground or aerial crossings. The design of this structure will conform to all structural and safety standards 
and all pertinent State and local laws and regulations. The design envelope for the utility bridge is included in 
Table 6.2.1-1. The clearance under the utility bridge would match or exceed the clearance above water as the 
existing road and pedestrian bridges that cross Oyster Creek. Additionally, trenchless technologies may also be 
required next to the bridge on Roosevelt Boulevard as part of one of the BL England cable routes. A typical 
arrangement cross section of the proposed Oyster Creek HDD configuration is shown in Figure 6.2.1-3.  
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Figure 6.2.1-3. Indicative HDD configuration (Oyster Creek). 

Ocean Wind will work to site the transmission cable system duct bank and splice vaults/grounding link boxes 
within public ROWs such that conflicts with existing utilities are minimized. Final vault spacing will be 
dependent on cable pulling calculations, cable manufacturer limits, and transportation logistics determined 
during the detailed design phase of the Project. Typical arrangement dimensions for the 275-kV splice vaults 
are shown in Figure 6.2.1-4. Following installation and jointing, access would be via manhole access lids into 
the chambers. 
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Figure 6.2.1-4. Indicative onshore transmission cable splice vault.
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6.2.1.2 Onshore Substations  

Each onshore substation would receive electricity generated at the offshore wind farm, via the onshore cable, 
transform the voltage to the level required for the grid connection, and provide reactive compensation. The 
onshore substations would include the equipment required for these purposes, as well as auxiliary equipment 
and facilities for operating, maintaining, and controlling the substation. Indicative substation drawings are 
included in Appendix U. 

The engineering of the onshore substation will be based on either gas-insulated switchgear or air-insulated 
switchgear. Appendix U provides indicative plans for both an air-insulated switchgear substation and agas-
insulated switchgear substation. Either could be used at each of the substations. Each onshore substation will 
be equipped with cable terminals to accept up to five offshore export cables from the offshore platform, and up 
to five cables to the interconnection point with the PJM grid. A control center will be equipped with protective 
relaying and control systems that will provide onsite and remote control of equipment.  

The major types of equipment in the onshore substation will be equipment typical to high voltage switchyards, 
such as switchgear (air-insulated switchgear or gas-insulated switchgear), reactors, transformers, filters, 
STATCOMs, and synchronous condensers. There will be multiple items of each type of equipment. Equipment 
selection will be identified prior to issuing invitations to tender.  

The SCADA module typically consists of five main elements:  

• Substation control system; 
• Wind farm control system and WTG SCADA system (delivered under the WTG contract); 
• Metering system; 
• Information technology network system (“backbone” network); and 
• Radio communication and information systems.  

Each onshore substation would require a permanent site, including area for the substation equipment and 
buildings, energy storage and stormwater management and landscaping. During construction, additional land  

would be required for temporary workspace at each substation. Land requirements for each substation are 
provided in Table 6.2.1-2. The substations would include a main building and secondary buildings may be used 
to house reactive compensation, transformers, filters, a control room and a site office. The external electrical 
equipment may include switchgear, busbars, transformers, HV reactors, SVC/statcom/synchronous 
condensers, harmonic filters, and other auxiliary equipment. Lightning protection may consist of lightning masts 
each with a height up to 98 ft. Maximum height of power mast infrastructure will be 115 ft. Table 6.2.1-2 
provides the onshore substation design parameters. 

Table 6.2.1-2. Onshore substation parameters.  

Parameter 
Maximum Design 

Parameters (Oyster Creek) 
Maximum Design 

Parameters (BL England) 

Permanent site area (acres)  31.5 13 
Temporary construction workspace (acres) 2 3 
Main building length (ft) 1,017 656 
Main building width (ft) 492 525 
Main building area (acres) 11.5 7.9 
Main building height (ft) 82 82 
Maximum secondary building(s) length (ft) 105 154 
Maximum secondary building(s) width (ft) 105 105 
Secondary building(s) height (ft) 33 33 
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Parameter 
Maximum Design 

Parameters (Oyster Creek) 
Maximum Design 

Parameters (BL England) 

Fire-wall height (ft) 82 82 
Number of lightning masts 35 25 
Lightning protection height (ft) 98 98 
Power mast infrastructure height (ft) 115 115 
Transformer height (ft) 1 46 46 
HV reactor height (ft) 1 46 46 
SVC/Statcom height (ft) 1 39 39 
Harmonic filter height (ft) 1 49 49 
Bus duct height (ft) 1 49 49 
Other auxiliary equipment height (ft) 1 33 35 

1 Where located in the open. 
 
6.2.1.3 Onshore Grid Connection  

Additional underground cables or, at Oyster Creek, overhead transmission lines, would be required to connect 
each onshore substation to the existing grid. Multiple circuits may be installed to each grid connection point. 

For the underground option at each location, the design will be similar to the onshore export cable, but must be 
at the appropriate voltage to connect to the existing grid. The length and number of circuits for the grid 
connection will be optimized to reduce the number of splice vaults/grounding link boxes, and electrical losses. 
For the underground option, Ocean Wind would install a riser at the existing substation for grid connections for 
the proposed onshore substation location. 

For the Oyster Creek interconnection, overhead transmission may be used from the onshore substation to an 
interconnection point at the Oyster Creek Generating Station (Table 6.2.1-3, Figure 6.2.1-5). The structure 
types anticipated are monopoles that are typical of overhead transmission lines in the area (Figure 6.2.1-7).  

For the BL England interconnection, underground transmission cable will be used from the onshore substation 
to an interconnection point at Beesley’s Power Substation (Table 6.2.1-3, Figure 6.2.1-6). An indicative plan is 
included in Appendix U. 

Table 6.2.1-3. Underground and overhead transmission line parameters. 
Underground Options Parameter 

Maximum trench depth (ft) 10.25 
Average trench width (ft) 4.25 
Maximum temporary work space, offset from centerline 
on each side (ft) 

30 

Oyster Creek 
Maximum length of onshore interconnection cable 
(miles)  

0.5 

Number of splice vaults/grounding link boxes 
associated with interconnection cable 

2 

Number of poles 1 
Maximum pole height (ft) 117 
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Underground Options Parameter 
BL England 

Maximum length of onshore interconnection cable 
(miles)  

0.5 

Number of splice vaults/grounding link boxes 
associated with interconnection cable 

2 

Number of poles 1 
Maximum pole height (ft) 117 

Overhead Option Parameter 
Oyster Creek 

Maximum length of onshore interconnection cable route 
(miles) 

0.5 

Number of poles 6 
Maximum pole height (ft) 115 

 



 
 

  
Page 146/172 

 

Figure 6.2.1-5. Indicative overhead transmission line/underground cable route options – Oyster Creek. 
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Figure 6.2.1-6. Indicative underground transmission cable route – BL England.  
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Figure 6.2.1-7. Indicative onshore transmission structure for Oyster Creek. 



 
 

  
Page 149/172 

6.2.2 Construction  

6.2.2.1 Cable Landfall 

Cable landfall is where the submarine offshore cable transitions to an onshore cable. Offshore cables would be 
connected to onshore cables at underground TJBs located onshore. TJBs provide a clean dry environment for 
jointing the offshore and onshore cable and provide protection to the cable joint during operation. One TJB is 
required for each three-core submarine cable. 

Offshore export cables would be installed up to the TJB using open cut (i.e., trenching) or trenchless methods 
(bore or HDD) (Figures 6.2.2-1 and 6.2.2-2). The final method to be used shall be determined during the 
design and engineering phase and shall be based on an assessment of topography, bathymetry, accessibility, 
tidal conditions, geotechnical situation, environmental constraints and other parameters. Landfall for BL 
England includes beaches that are included in the USACE beach nourishment program. Based on USACE 
guidance, the cable must be buried at depths not attainable by open cut or trenching (-30 feet or more) and 
therefore HDD is the preferred option. At Oyster Creek, HDD has been selected as the approach for the east 
side of IBSP, and open cut has been selected for the west side of IBSP and the Holtec landfall. In other 
locations, the preferred methodology will be chosen to suit the conditions prevalent to ensure the optimal 
methodology is applied to achieve the installation with least impact. The method will be formalized in the 
FDR/FIR, will be reviewed by the CVA, and will be submitted to BOEM prior to construction. 

 

Figure 6.2.2-1. Typical transitional HDD cross-section. 
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Figure 6.2.2-2. Example HDD rig in operation at entry point. 

The maximum cable landfall design parameters are provided in Table 6.2.2-1, These values will be finalized 
during the design phase as available land and engineering constraints are better defined.  

Table 6.2.2-1. Landfall parameters. 
Parameter Maximum Design Parameters 

Landfall type Open cut or Trenchless technology 
HDD noise (decibels)* 120 
Number of personnel 60 
Daily vehicle movements (non-HGV) 10 
Daily vehicle movements (HGV) 5 
Inadvertent return contingency vehicles 4 
HDD exit pit depth (ft) 15 
HDD exit pit (acres) 0.4 (164 ft x 98 ft) 
HDD onshore workspace (acres) 15 
TJB depth (ft) 20 
TJB area (acres) 0.06 (33 ft x 82 ft) 
TJB workspace (acres)  0.4 (131 ft x 131 ft) 
Oyster Creek 
Number of TJBs 8 
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Parameter Maximum Design Parameters 

Landfall width (ft) 262 
BL England 
Number of TJBs 3 
Landfall width (ft) 131 
* Depends on rig spread to be used, phase of drilling, ground conditions, ancillary equipment, etc. 
Note - Ares of workspace and disturbance are inclusive of open cut trench. 

6.2.2.1.1 Trenchless Technology 

HDD 

For landfall areas, where HDD is selected, the HDD equipment will be setup near the landfall, and the bore 
paths will extend from land to sea, terminating at the location where the submarine cables will enter the bore(s). 
Exit pit locations for the HDDs will be based on the water depths allowed by the cable laying vessel or barge, 
and the HDD bore path geometries. An indicative layout for an HDD site is shown in Figure 6.2.2-3. 

The HDDs will be offset from one another such to allow for landing constraints, for example, within the 
roadway, while maintaining suitable lateral offset between the bores. If a third circuit and HDD are deemed 
necessary, the HDD entry locations will be staggered so that a minimum vertical and horizontal separation are 
maintained between each of the bore paths. These separation requirements will be determined subsequent to 
the geotechnical investigation.  

The HDD process involves drilling a small diameter bore along the designed drill path and subsequently 
enlarging the bore through a process referred to as ‘reaming’. Drilling fluid containing a bentonite and water 
mix, is pumped at high pressure down the drill string to create the bore and ensure it remains stable. Tooling 
and drilling fluid is adapted and changed to compliment the ground conditions encountered to ensure the 
process is optimized in-situ. Once the reamed bore has been verified, a conduit is pulled into the bore, normally 
from offshore to onshore, using the HDD rig. The conduit string will be fused together from short sections of 
conduit at a suitable onshore staging location or an existing waterfront facility and maneuvered into the water 
and towed to the offshore HDD exit in a complete string by vessel, aligned with the bore and pulled in.  

The HDD process would be supported by a marine spread, encompassing a work platform offshore and 
support vessels. The marine spread will assist the HDD process and ensure the connection with drilling 
assembly and conduit can be made. It is expected that in advance of the reaming process, the marine spread 
would be positioned at the HDD exit and a seabed excavation would be carried out to enable subsequent lay 
down and burial of the conduit installed. Typically, the HDD exit pit may be excavated deeper or casing be 
installed to allow for control and removal of excess drilling fluid. Where HDD is used, an HDD Inadvertent 
Return Plan will be developed, specifying the exact means of containment, and used during construction. Any 
temporary containment shall be removed upon completion of the installation. 

Upon completion of the HDD and subsequent cable installation, whereby the export cable is pulled through the 
installed HDD conduit, a thermal grout may be pumped into the conduit to fill the annulus around the cable, 
where this is calculated to complement the cable ratings (the potential benefits of using a thermal grout will be 
evaluated during the detailed design process). After the drills have been completed and the casings installed, 
the submarine cables can then be pulled through the bores to the TJBs. The preliminary landfall HDD cross 
section is shown in Figure 6.2.2-4.  
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Figure 6.2.2-3. Indicative layout for HDD site.  



 
 

  
Page 153/172 

  

 

Figure 6.2.2-4. Indicative landfall HDD cross section. 

A temporary work area will be established in proximity to the selected landfall site. Each offshore cable will be 
pulled though a dedicated (and sleeved) HDD borehole and routed to a circuit-specific TJB within the 
temporary work area. The HDD rig will be set up at the selected landfall site with the drill directed seawards. 
The maximum length of the HDD bore will be dictated by the cable’s torsional limits and local ground 
conditions. However, other factors will determine the exact length of the HDD bore, including width of the 
dune/beach area, designated areas, bathymetry, geologic conditions, etc. Typically, the HDD bores will “punch-
out” near the 10 m contour, sufficient to accommodate the cable installation vessel (see Figure 6.2.2-1).  

Prior to the cable installation vessel arriving at the exit site in the water, the HDD duct will be exposed, and any 
spoil will be deposited either on a barge or placed into a, temporary cofferdam. It is anticipated that the 
excavation previously detailed will be backfilled upon completion or re-excavated to enable exposure of the 
conduit. This shall depend on the timeframe between the two operations. 

The mechanism to provide a closed system and containment of drilling fluids for the HDD operation during the 
reaming phase shall need to be engineered accordingly, including development of an Inadvertent Return Plan, 
and may comprise a large diameter steel casing pipe installed into the seabed or possibly a sheet piled 
cofferdam or similar. In the event that the excavated pit is required, rock bags may be temporarily stored inside 
the pit to prevent natural backfill and keep the excavation free of debris and from silting back in. The cofferdam, 
if required, would be installed as a sheet piled structure into the sea floor.   

The HDD duct will be lifted above the waterline by either an anchored barge, a jack-up vessel or tracked 
excavator, depending on the water depth and expected water conditions. Once the end-seal is removed, a 
winch wire will be threaded through the HDD bore and tensioned to pull the cable (via the pulling-head) from 
offshore through the HDD bore to the TJB.  
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Other Trenchless Technology (Direct Pipe and Auger Bore) 

Direct pipe is a curved or directional ‘microtunnel’ that utilizes combines elements of traditional micro tunneling 
and HDD. Direct pipe allows for a fully supported tunnel with a curved drill path.   

Auger boring is the process of forming a horizontal bore by jacking a casing through the earth from a main shaft 
to a reception shaft. Spoil is removed from inside the encasement by means of a rotating auger which carry the 
spoil back to through the casing pipe to the main shaft for removal. An auger boring machine bores through 
ground with a cutting head attached to the ‘lead’ auger to install casing pipe. 

Transition Joint Bays (TJB) 

The current design will utilize a TJB for each of the proposed circuits. A typical arrangement, plan and elevation 
view, of the proposed TJB is shown in Figure 6.2.2-5. The TJBs will be buried below grade. From the surface, 
the only visible components of the cable system will be the manhole covers.
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Figure 6.2.2-5. Indicative 275-kV TJB design.  
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6.2.2.1.2 Open Cut 

Open cut installation could be considered in addition to trenchless installation in areas not under the USACE 
beach nourishment program. For the open cut method, there are a number of options available, e.g., post cable 
installation burial, pre-trenching or the pre-installation of a cable duct prior to the arrival of the cable installation 
vessel. For the excavation work, a variety of equipment can be used depending on the water depth and local 
circumstances. The trench will be excavated with either land-based excavators, swamp excavators or 
excavators positioned on an ultra-shallow barge. The same equipment can be used to backfill the trench upon 
completion of the cable installation or installation of the cable conduit. 
 
Open cut installation can be undertaken if the cable can be pulled directly from the installation vessel to the 
TJB without compromising any permitting constraints or topographical restrictions (Figure 6.2.2-6). Once the 
cable is pulled to, and secured at the TJB, the burial tool is pulled as close to shore as possible and subsea 
burial of the cable can commence. Where there is a gap between the position where the burial tool can be 
pulled to and the shoreline, post cable pull burial will be required. If this position is within an intertidal zone, an 
excavator can dig a trench into which the cable falls. Then the excavator can backfill the trench. If the position 
where the burial tool can be pulled to lies within the water column, sheet piling may be required to support the 
trench. This can be installed prior to the cable pull. After the cable pull, the trench will be backfilled and the 
piles removed. Where the cable pull is in excess of approximately 3,000 feet, interim tensioners will be required 
to reduce the cable pull tension. The tensioners are secured to the seabed by anchors or spud poles, or can be 
placed on a small jack up barge.  
 
Under certain circumstances, open cut installation can be a method that is more efficient, and sometimes can 
have less effects, for installing cable at the landfall than trenchless technology. The method is especially suited 
in case of high organic material in the ground at the landing site as organic material is known to lower the 
power capacity of the cables causing system inefficiencies. And indicative layout for an open cut landfall is 
shown in Figure 6.2.2-7) 
 

 
Figure 6.2.2-6. Typical open cut landfall. 
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Figure 6.2.2-7. Indicative layout for open cut site.
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6.2.2.2 Onshore Substation  

Construction of each onshore substation is expected to take up to a maximum of 36 months. Ocean Wind will 
be responsible for the detailed design, procurement, construction, and commissioning of the onshore 
substation. Ocean Wind’s contractor will decide how and to what extent equipment manufacturers will be 
responsible for transportation, rigging, and placing the equipment- on the concrete foundations.  

The rigging company is expected to be a subcontractor to the equipment manufacturer and is further expected 
to be responsible for all logistical services (e.g., engineered rigging and hauling plans, routing, permitting, 
clearance checking, escort, police escort, load analysis of transport and dimensional restrictions). When 
required by Ocean Wind’s contractor, the rigging company may also be responsible for the temporary local 
warehouse storage of equipment and components. Upon installation of the equipment on the foundations, the 
rigging company will be responsible for checking the alignment, anchoring, and proper temporary protection 
from weather. 

Upon placing the equipment, the manufacturers will be required to complete the attachment of all components 
associated with each piece of equipment. When required as part of final deployment, the equipment will be 
filled with an insulating fluid and/or insulating gas.  

Construction would include installation of fencing around the construction workspace and a security gate. 
Erosion and sediment controls would be installed prior to any ground disturbing activities. Once erosion and 
sediment controls are in place, the site will be prepared for construction. Site preparation may include clearing 
and grading, installation of a gravel layer, and installation of an access road. Excavation for foundations would 
be prepared and foundations would be installed. Equipment would be delivered and installed on the pre-
installed foundations. Buswork and ductwork for electrical connections would be installed. Cables and control 
equipment would be installed, and electrical connections would be completed. The station would be tested and 
commissioned. 

6.2.2.3 Onshore Export Cable Installation 

Installation of onshore cable is expected to take up to 30 months with work progressing along multiple 
construction spreads. Up to five construction spreads are anticipated, each 2.5 to 3 miles long. Work at any 
location is expected to take three months to complete, and the trench in any given location is not expected to 
be open for more than one week.  

The construction of the duct bank includes the following steps:  

1. Carry out desktop assessment of existing services along the cable routes; 
2. Carry out site investigation boreholes to confirm ground conditions and thermal properties of the 

soil; 
3. Carry out test pitting to confirm presence, or lack of, services in targeted areas; 
4. Survey and mark splice vault locations; survey and mark duct bank location; 
5. Set up erosion and siltation controls, including silt sacks or similar protection for existing storm 

drains; 
6. Set up traffic management measures, in coordination with local police and public works officials; 
7. Open roads and install duct bank; 
8. The trench will be backfilled and repaved/reinstated in accordance and agreement with the 

permitting and statutory requirements of the highway/ roadway or respective landowner; and 
9. Clean up work area, remove erosion controls. 
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The duct bank installation will be performed using conventional construction equipment (e.g., hydraulic 
excavator, loader, dump trucks, and flatbed trucks) to deliver PVC pipe, crew vehicles, cement delivery trucks, 
and paving equipment). 

The design of the proposed trench arrangement for the duct bank would incorporate the following 
considerations: 

• The minimum overall width required for both the cable trench and the associated construction 
activities, such as excavations, trench support, vehicle movements and general safety, taking into 
consideration the permissible working area and in line with the United States Department of 
Transportation to specify the standards by which traffic signs, road surface markings, and signals are 
designed and installed to avoid, and minimize, the impacts on residents, businesses whilst maintaining 
the flow of traffic within the community to minimize any disruption.  

• The appropriate size of ducts and arrangement for both ease of installation and thermal effects 
influencing the cable design and sizing. 

• The minimum depth of cover to the top of the cables, in line with industry practices in the U.S. or New 
Jersey area.  

• Any protective covers necessary in line with U.S. or New Jersey industry practices. 
• Any preexisting utilities that are predetermined.  
• The use of high-quality concrete or backfill materials to reduce the spacing between cables to minimize 

the overall trench width and depth and to enhance the thermal resistivity properties of the material to 
best influence the cable design.  

• The use of any advanced construction or duct installation techniques to minimize construction activities 
and decrease the overall construction time. For example, for installations within the roadway it would 
be difficult to have a stepped or battered trench configuration due to the space restrictions and ground 
conditions – shoring or trench boxes would potentially be used for this type of installation. It may be 
possible to have a battered or sloped trench, but this would be determined by a number of factors 
(e.g., ground stability, water table levels and space constraints). 

• The identification of preferred joint bay positions along the route, taking into consideration the 
maximum cable pulling length between joint bays based on the maximum installation on limitations of 
the cable, the location and size of any joint bays will be designed and sited to cause minimal disruption 
to local houses, local access, road junctions, traffic arrangements, and disruption to local residents and 
road users.  

• Traffic management and lane closure arrangements to minimize disruption to local residents and road 
users.  

• Construction techniques such as trenchless technology are to be considered at particular areas of 
engineering difficulty or areas sensitive to local residents, road users or other constraints.  

• Identification of location for installation of the cables, such as roadside shoulder.  

The splice vaults/grounding link boxes are typically two-piece (top and bottom) pre-formed concrete “boxes” 
with holes at both ends to connect with the PVC piping to the cables to be spliced. Once the duct bank is in 
place, the cables (one cable per duct) can be pulled using a winch wire driven by a winch.  

Temporary construction staging areas may also be required on or near onshore cable route for laydown and 
storage of materials, employees, as well as space for small temporary offices, welfare facilities (rest rooms, 
changing rooms, personal storage, and rest areas), security, and parking. The construction staging areas will 
be removed, and sites restored to their original condition when construction has been completed. The size of 
these staging areas is not currently anticipated to be greater than 270 ft by 300 ft and locations will be 
determined during the detailed design and positioned based on available land.  
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6.2.2.4 Onshore Grid Connection  

Ocean Wind is considering both underground and overhead transmission lines for grid connections at Oyster 
Creek, and underground transmission lines at BL England. The alignment of the onshore interconnect cable 
system duct bank will be spaced at a minimum of 15 feet from the onshore transmission cable system duct 
bank, in order to maintain thermal isolation between the two circuits.  

The two installation methods described above (concrete-encased duct bank or direct-buried conduits in trefoil) 
will also be the options used for the onshore interconnect cable system. Currently, no splice vaults/grounding 
link boxes are anticipated for the onshore interconnect cable system duct bank pending final design and 
termination locations inside the proposed export substation and the local utility’s substation. 

Overhead lines may be used instead for the interconnection at Oyster Creek subject to landowner consent. If 
overhead lines are utilized, the construction will begin with constructing the foundations for the transmission 
structures, then installing the steel poles, finally installing conductors between the poles and connecting to the 
substations at each end. The foundations are anticipated to be concrete drilled shaft type foundations. The 
depth and diameter of the foundations will depend on soil geotechnical conditions and specific loading 
conditions on the poles. The installation will be performed using augers, cranes (for rebar and anchor bolt 
cages), and concrete trucks. Following foundation installation (and appropriate concrete curing time), the poles 
will be set on the foundations using cranes. Once all of the poles are set, three sets (phases) of conductor and 
one shield wire will be installed between each pole and tensioned to appropriate design tensions, and electrical 
“jumpers” installed on the poles between the conductors on each side. The total construction time for the 
overhead transmission installation is anticipated to be approximately two to three months, depending on the 
final design parameters and number of poles. Laydown areas for the overhead lines will be within the 
workspace for the new substation. No additional laydown areas will be required.  

Construction of the underground interconnection cable option will be similar to that described for onshore 
export cables. A riser will be installed to bring the interconnection cable aboveground at the existing substation. 
Construction of the riser will begin with the foundation, then the steel riser will be installed, and finally 
conductors will be installed from underground line to the riser and connected to the substations at each end. 
The foundations are anticipated to be concrete drilled shaft type foundations. The depth and diameter of the 
foundation will depend on soil geotechnical conditions and specific loading conditions on the riser. The 
installation will be performed using augers, cranes (for rebar and anchor bolt cages), and concrete trucks. 
Following foundation installation (and appropriate concrete curing time), the riser will be set on the foundations 
using cranes. The total construction time for the underground interconnection line installation is anticipated to 
be approximately two to three months. Laydown areas for the underground interconnection lines will be within 
the workspace for the new substations. No additional laydown areas will be required. 

6.2.3 Operation and Maintenance 

6.2.3.1 Onshore Operation and Maintenance Facilities 

The operation phase of the Project will include the use of an onshore O&M facility in Atlantic City. The O&M 
Facility will serve as a regional operations and maintenance center for multiple Orsted intends to develop in the 
mid-Atlantic, including the Project. 

Orsted has identified parcels, 600 & 701 North Delaware Ave., Atlantic City, which are adjacent to Clam Creek 
(Figure 6.2.3-1). The parcels served as a marine terminal for 70 years, until the 1970s. There are two existing 
buildings on the site. A small one-story structure in the southeast portion would remain as a police community 
center, and the other building would be demolished.  
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The O&M facility would contain up to 26,900 ft2 of office space and up to 21,530 ft2 of warehouse and workshop 
space. Approximately 500 ft of dockside harbor facilities and associated parking facilities will be added. 

 

Figure 6.2.3-1. Proposed location of O&M facility. 

Operational hours will be 24 hours per day, seven days per week. The number of onshore personnel has not 
been determined.  

The City of Atlantic City intends to secure authorization for marina upgrades, namely dredging in the marina 
and at Absecon Inlet, for the benefit of multiple marina users, and both this in-water activity and upland 
improvements by Orsted (including office and warehouse) are being separately reviewed and authorized by the 
USACE and state and local agencies. In particular, the USACE has recently confirmed to Ocean Wind that all 
work at the O&M facility (both in-water and upland improvements) will be considered as part of USACE’s 
Section 106 consultation. This work would be completed in advance of, and is not dependent upon, approval of 
the Project.  

Thus, although the O&M Facility complements and benefits the Project, it will be reviewed in conjunction with 
other activities and benefits to other marina users (such as dredging of Absecon Inlet); and it is not necessary 
for BOEM to consider it part of the same undertaking as the Project’s subsequent Section 106 consultation. 

6.2.3.2 Onshore Operation and Maintenance Activities for Onshore Electrical Plants 

O&M activities at onshore electrical plants will include inspections, preventive maintenance, and corrective 
maintenance. Inspections would occur as often as weekly. Routine preventive maintenance would occur 
annually for main servicing, but individual aspects may occur each quarter. Corrective maintenance would 
occur as required. Ocean Wind will monitor the onshore substations both remotely and locally on a continuous 
basis. The equipment in the onshore substations will be configured with a condition monitoring system that will 
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sound an alarm upon detecting equipment faults, unintended shutdowns, or other issues. Ocean Wind will put 
in place an established and documented program for the maintenance of all equipment critical to reliable 
operation. Maintenance programs will conform to the equipment manufacturer’s warranty requirements. 

In addition, a reliability-centered maintenance program will be implemented. Preventive maintenance will be 
performed on the onshore substations and line equipment, and planned outages will be conducted in 
accordance with applicable Reliability First Region standards, and protective system maintenance will be 
performed in accordance with the applicable Reliability First Region standard. Equipment will be maintained in 
accordance with the interconnection agreement; maintenance will be completed by qualified personnel in 
accordance with applicable industry standards and good utility practice to provide maximum operating 
performance and reliability. 

Typical maintenance activities for overhead grid connection, if used at Oyster Creek, will include replacing 
transmission poles and stringing new cable. This typically will be planned in advance and due to the short 
distance these would be used, is expected to happen once during the lifetime of the Project. To support O&M 
of the onshore overhead grid connection, up to a 100-ft-wide operational ROW centered on the cables will be 
requested. 

6.2.4 Non-routine Activities 

Non-routine activities for onshore facilities would be unscheduled maintenance and repairs similar to those 
described for offshore facilities in Section 6.1.4.  

 Decommissioning Plan 

At the end of the operational lifetime of the Project, Ocean Wind will decommission the Project in accordance 
with 30 CFR § 585.902 and 30 CFR §§ 585.905 through 585.912. The process will start with the submission of 
a decommissioning application in accordance with 30 CFR § 585.905. It is anticipated that all structures above 
the seabed level or aboveground will be completely removed. The decommissioning sequence will generally be 
the reverse of the construction sequence, will involve similar types and numbers of vessels, and will use similar 
equipment.  

Although decommissioning may not require the same level of precision and care as the initial installation, it will 
nonetheless be undertaken in the same controlled manner and in accordance with an approved risk 
management plan to ensure the highest levels of safety. 

6.3.1 Offshore Decommissioning 

The dismantling and removal of the turbine components (e.g., blades, nacelle, and tower) will largely be a 
“reverse installation” process subject to the same constraints as the original construction phase. Using today’s 
technology, dismantling the turbine components requires a jack-up vessel to ensure adequate control of the 
demolition process and to manage the high lifts and high crane hook loads.  

It is anticipated that the monopile foundations will be cut below the seabed level in accordance with standard 
practices at the time of demolition. The exact depth will depend on seabed conditions (e.g., dynamics and site 
characteristics) and developing industry best practices. The cutting process is likely to be via mechanical 
cutting, water-jet cutting, or other common industry practices. 

If deployed, the scour protection placed around the base of each monopile will be left in situ as the default 
option in order to preserve the marine life that may have established itself on this substrate during the period of 
operation. If it is necessary to remove the scour protection, then the removal will proceed according to the best 
practices applicable at the time of decommissioning. 
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The offshore substation will be decommissioned by dismantling and removing its topside and foundation 
(substructure). As with the turbine components, this operation will be a reverse installation process subject to 
the same constraints as the original construction phase. 

Offshore cables will either be left in situ or removed, or a combination of both, depending on the regulatory 
requirements at the time of decommissioning. It is anticipated that the array cables will be removed using 
controlled flow excavation or a grapnel to lift them from the seabed. Alternatively, depending on available 
technology, a ROV may be used to cut the cable so that it can be recovered to the vessel. The export cables 
will be left in situ or wholly/partially removed. Any cable ends will be weighed down and buried if the cables are 
to be left in situ to ensure that the ends are not exposed or have the potential to become exposed post-
decommissioning. Cables may be left in situ in certain locations, such as pipeline crossings, to avoid 
unnecessary risk to the integrity of the third-party cable or pipeline. 

6.3.2 Onshore Decommissioning 

Onshore cables generally will be abandoned in place. Some components of the onshore electrical 
infrastructure may still have substantial life expectancies at the time of decommissioning. Hence, the potential 
reallocation of some or all of these assets may be investigated with PJM, the onshore grid operators. The 
future disposition of this infrastructure will depend in part on these discussions. 

Any cable ends will be buried if the cables are to be abandoned in situ to ensure that the ends are not exposed 
or have the potential to become exposed post-decommissioning. If buried cables are removed in most 
locations, they may be left in situ in certain specific locations such as road or railroad crossings to avoid 
unnecessary risk to the integrity of the surrounding infrastructure. Onshore cables installed overhead may 
either be used for other projects or be removed depending on the need at that time. 

Offshore wind turbines have a large amount of material that must be removed after the structures are 
decommissioned. Disposal will be according to decommissioning industry best practices and the applicable 
regulations at the time of decommissioning. The appropriate waste hierarchy will also be followed: reuse is 
considered first and maximized when possible, followed by recycling, incineration with energy recovery, and 
lastly, disposal. 

7. Health and Safety 

 Introduction 

Appendix B provides the project Safety Management System (SMS) developed for the Ocean Wind Offshore 
Wind Farm. This SMS describes leadership commitments and the Health and Safety (H&S) responsibilities of 
the Project employees working on-site, including the Project H&S policy, orientation and training, safe work 
practices, standards and procedures, transportation and logistics, monitoring and implementation, and other 
Project safety requirements. The Project SMS is applicable to all activities performed in relation to Project 
offices, Project travel, and other work locations, including vessels, ports, and construction sites.  

The goal of the Project SMS is to identify and mitigate hazards associated with the activities undertaken by 
employees, contractors, and their subcontractors which have the potential to impact human health, safety, or 
the environment. The Project SMS is based on over 25 years of hands-on experience by Orsted in developing 
and operating offshore wind projects across Europe and Asia. The Project SMS is founded on this experience 
and is guided by the following commitments to promote a safe workspace:  

• Provide and maintain safe working environments where risks to health, safety, and welfare are either 
eliminated, controlled, or reduced to As Low As Reasonably Practicable (ALARP).  
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• Set standards which, at a minimum, comply with the relevant statutory requirements relating to health, 
safety, and welfare with regard to the effect on employees, contractors, subcontractors, visitors, and 
the general public. 

• Safeguard employees and others from foreseeable hazards connected with work activities, processes, 
and working systems. 

• Require that adequate guidance, instruction, training, and supervision is provided when new 
substances, plant machinery, equipment, processes, or premises are introduced, in order to develop 
safe work practices. 

• Train all employees to be aware of their own responsibilities with respect to relevant H&S matters, and 
require that they help prevent accidents and implement measures to prevent work-related injury.  

• Require that contractors and subcontractors be informed of the relevant training and standards 
required, and are monitored and encouraged to promote compliance without detracting from the 
contractors’ legal responsibilities to comply with statutory requirements. 

• Promote good H&S practices amongst employees and be concerned with preventing occupational 
and non-occupational disorders and diseases. 

• Cooperate with the appropriate authorities and technical organizations to update policies and review 
standards so that they reflect best practices. 

• Conduct inspection, audits, and reviews to achieve the Project’s H&S objectives. 

 Major Components of the Project SMS 

The following subsections summarize the major components of the Project SMS. Appendix B should be 
consulted for more details. 

7.2.1 Ocean Wind Organization 

The Project SMS includes a well-defined organizational structure to clearly designate specific roles, lines of 
authority, and responsibilities for the (a) program director, (b) mid-level managers (i.e., project development 
managers, package managers, consent project managers, technical project managers, and commercial project 
managers), (c) the project safety manager, (d) the safety department, and (e) employees, contractors, and 
subcontractors. 

7.2.2 Communication Plan 

Contractor safety plans will be assessed and approved (or modified, as needed) before the start of any Project 
work to ensure that these plans align with the Project SMS and are properly communicated to all employees, 
contractors, and third parties. External communications, such as notice to mariners, notice to specific parties, 
or other public announcements will be issued, as needed. 

All employees are encouraged to participate in safety campaigns, safety meetings, and other safety-related 
activities. These efforts include contractors establishing a strong working relationship with their subcontractors 
in order to align themselves with Ocean Wind’s quality, health, safety, and environment strategy and programs, 
maintain on-going relationships, and foster review of safety programs. 

Safety campaigns are implemented at the Project site to highlight specific work-related hazards and provide 
educational materials to all Project workers to promote safety awareness and provide risk mitigation 
information. 

Safety alerts (i.e., a document that identifies an issue which represents a significant risk to personnel, assets, 
or equipment, and requires an immediate response) and safety notices (i.e., a document which communicates 
issues which are significant but do not represent a substantial risk to personnel, assets, or equipment, and do 
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not require an immediate response) may be sent out to the Project as required to communicate safety concerns 
and the need to undertake specific actions to mitigate the risk of a new hazard or emerging trend. 

7.2.3 Contractor Management 

Only those contractors and subcontractors with strong safety performance and health, safety, and environment 
(HSE) management systems are allowed to perform work on the Project. Each contractor must submit for 
review their safety plan, SMS, work procedures, and the results of the risk assessments of their work activities. 
Project management staff engages with contractors and subcontractors throughout the entire contractor 
relationship to communicate safety expectations, improve safety performance, and approve permits to work. 

7.2.4 Risk Management Process 

Ocean Wind has adopted a risk-based approach to manage the safety risks to its employees, contractors, and 
subcontractors in all phases of the Project. This approach requires identifying and evaluating all the hazards 
that may impact health and safety. Any risks present during the design and planning stages are mitigated to the 
extent possible to meet a tolerable level. This risk is further assessed and managed to a level considered to be 
ALARP before the work activities are executed in the field. Risk management programs have been developed 
to address key hazards that significantly impact worker safety during the execution of the Project. These key 
hazards are as follows: 

• Alcohol and drugs; 
• High- and low-voltage electricity; 
• Vessel operation; 
• Extreme weather; 
• Transfer onto or off of offshore structures; 
• Craning and lifting; 
• Manual material handling; 
• Remote monitoring, control, and shut down; 
• Fall protection; 
• Control of hazardous energy (lockout tagout); 
• Confined space entry; 
• Hazardous chemicals; 
• Personal protective equipment; 
• Fire prevention; 
• Hot work (open flames, grinding, welding, plasma cutting, other heat-generating work); 
• Diving; and  
• Welfare facilities (rest rooms, changing rooms, personal storage, rest areas). 

7.2.5 Competence, Training, and Awareness 

All contractors hired for the Project are selected based on their track record to safely perform their assigned 
work scope. Competence is determined based on their qualifications, training, and experience. The Global 
Wind Organization Basic Safety Training, or an equivalent standard, is demanded as a minimum training 
requirement for offshore workers. This training establishes that all personnel accessing and working on an 
offshore project have a common understanding, awareness, and training in (a) working and rescue at height, 
(b) first aid, (c) manual handling, (d) fire awareness, (e) sea survival, and (f) vessel transfer. 

7.2.6 Medical Clearance 

All workers will be evaluated by a licensed medical physician to determine that they are physically and mentally 
fit to perform their assigned duties before they are authorized to work on the Project. All workers must also 
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possess a medical clearance certificate consisting of a medical examination and physical capability 
assessment. 

7.2.7 Emergency Preparedness and Response 

The Project emergency response plan (ERP) identifies procedures that are appropriate and consistent with 
best practice. The Project ERP is tested and evaluated through drills and table-top exercises to assess its 
effectiveness. Drills also test performance across management levels and the success of the training 
programs. Ocean Wind’s coordinates the communication of its ERP with all on-site contractors and relevant 
subcontractors. A gap analysis is performed where multiple ERPs exist in order to identify differences and 
inconsistencies. If necessary, a bridging document establishing an agreed-upon coordination of response 
activities is created and implemented. 

7.2.8 Incident Reporting and Investigation 

All incidents, near misses, and observations of unsafe conditions or behaviors at the Project site will be 
reported, no matter how insignificant. An incident investigation will be conducted following a serious incident in 
order to identify the root cause and causal factors, and establish corrective action to prevent similar incidents 
from occurring in the future. The applicable Project or site manager will be assigned responsibility to implement 
the corrective action. 

7.2.9 SMS Evaluation and Monitoring 

Ocean Wind uses both inspections and audits to check the completion of objectives and to measure the 
effectiveness of assigned actions. Project and site managers plan safety inspections to (a) maintain a safe 
work environment, (b) verify that workers follow approved procedures, and (c) ensure that the facility and 
equipment meet relevant safety standards. Internal and external audits are performed to evaluate legal 
compliance with and the effectiveness of the Project SMS.  

7.2.10 SMS Review 

Orsted conducts regular management review meetings to evaluate (a) its management system, (b) the overall 
performance of its activities (including the adequacy of the management system), and (c) the strategy to 
manage the HSE impacts of its activities.  

Similarly, the Ocean Wind steering committee conducts a regular review during the development and 
construction phases of the Project to evaluate the HSE performance of the Project and the Project’s safety 
performance and ability to manage HSE risks.  

 Cybersecurity 

Information technology (IT) Cybersecurity risks will be regularly evaluated and incorporated within the designs 
for the SCADA Control System. Various IT security measures are established to protect against unauthorized 
intrusion. Cybersecurity risks are managed by SCADA Communication and Orsted IT. Cybersecurity risks have 
been evaluated and incorporated within the designs for the SCADA Control System. Security measures to 
protect against unauthorized intrusions or access meet existing NERC Critical Infrastructure Protection 
requirements. Among these measures include Physical Security Perimeters, Electronic Security Perimeters, 
Electronic Access Points, encrypted communication, firewalls handling all external communication and a 
demilitarized zone between the process control network and the plant information network, network access 
storage, and an Information Security Management Audit program. Where vulnerabilities are identified in 
incidents or audits, they are investigated to establish the threat points and additional measure are implemented 
to prevent recurrence. 
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 Obstruction Lighting and Markings 

7.4.1 Obstruction Lighting 

Ocean Wind will adhere to FAA filing requirements for the WTGs, as applicable9. All WTGs will be lighted and 
marked in accordance with FAA Advisory Circular 70/7460-1L (FAA 2018), and as recommended by BOEM’s 
guidance on marking and lighting offshore wind farms (BOEM 2021), as detailed below:  

• Red wavelength light emitting diode lighting should be in the infrared portion of the spectrum between 
800 and 900 nanometers to ensure compatibility with night vision goggles; 

• Lights should have photometric values of an FAA Type L-810, L-864, and L-885 medium intensity red 
obstruction light; 

• Lights should flash simultaneously at 30 flashes per minute (FPM); 
• Structure lights should be visible in all directions in the horizontal (i.e., visible spread from 360 

degrees); 
• For any turbines with a tip height of 699 ft or less, lighting should be placed at the highest point of the 

turbine nacelle. For any turbines with a tip height greater than 699 ft, lighting should be placed at both 
the highest point of the turbine nacelle and mid-mast; 

• Every turbine should be outfitted with a light, but not all turbine lights need to be turned on as long as 
there are no unlit separations or gaps of more than 0.5 statute miles between the turbines around the 
perimeter of the entire facility; 

• There should be no unlit separation or gaps of more than 1 statute mile within the facility (or cluster of 
turbines within the facility); and 

• All turbines above 499 ft should remain lit during nighttime hours unless connected to an approved 
aircraft detection lighting system (ADLS). 

Ocean Wind proposes to implement an ADLS to automatically turn the aviation obstruction lights on and off in 
response to the presence of aircraft in proximity of the wind farm. Such a system may reduce the amount of 
time that the lights are on, thereby potentially minimizing the visibility of the WTGs from shore; this system 
would not, however, increase the potential for impacts to aviation in the Wind Farm Area. 

The offshore substations will be lit and marked in accordance with FAA and USCG requirements and BOEM 
proposed guidance for aviation and navigation obstruction lighting, respectively. Aviation lights placed on top of 
the nacelle of each WTG will flash in a synchronized fashion. Finally, in order to minimize light pollution and 
confusion for mariners, the aeronautical obstruction lights fitted to the tops of the WTGs will not be visible to 
mariners below the horizontal plane of these lights. 

7.4.2 Markings 

The WTGs will each be lit, individually marked, and maintained as private aids to navigation in accordance with 
the guidance provided in the Aids to Navigation Manual (USCG 2015) and will also comply with International 
Association of Marine Aids to Navigation and Lighthouse Authorities (IALA) Recommendation O-139 on The 
Marking of Man-Made Offshore Structures (IALA 2013) and, unless a deviation requested, the BOEM guidance 
on marking and lighting of offshore wind farms (BOEM 2021) which requires:  

• All turbines should be marked conspicuously and distinctly for both day and night recognition; 
• The foundation base of all turbines should be painted yellow, RAL 1023, all around from the level of 

Mean Higher High Water (MHHW) to 50 ft above MHHW;  

 
9 The Project is being proposed greater than 12 miles offshore which is outside the FAA jurisdictional limit.  However, it is assumed 
that BOEM will adopt similar requirements.   
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• Ladders at the foundation base of all turbines may be painted in a color that contrasts with the 
recommended yellow. Painting the ladders in a distinguishable color will allow for ease of identification 
for operations and maintenance personnel; 

• Wind energy facilities should have flashing yellow lights energized from sunset to sunrise and from 
sunrise to sunset in restricted visibility. Structure lights should be visible in all directions in the 
horizontal (i.e., visible spread from 360 degrees);  

• Retro-reflective material (white, yellow or silver) may be used, visible through a 360-degree arc, and 
should be applied in at least 2-foot bands around structures, no less than 30 ft above MHHW; 

• Each wind turbine generator in a wind energy facility should be designated, marked, and charted with 
a unique alphanumeric designation, which enables quick recognition and reference by mariners and 
agencies for search and rescue, law enforcement, and other purposes. The bottom of the 
alphanumeric characters should be located at least 30 ft and no more than 50 ft above MHHW. The 
alphanumeric characters should be as near to 9.8 ft in height as practicable, should be visible above 
any service platforms in a 360-degree arc from the water’s surface, and should be applied with retro-
reflecting paint or material to enhance visibility under low light conditions. If feasible, each generator’s 
unique alphanumeric designation should be duplicated below any servicing platform;  

• Significant Peripheral Structures (SPS) (i.e., “corners” or other significant peripheral points) should be 
marked with quick flashing yellow lights with an operational range of not less than 5 nm; 

• Intermediate Perimeter Structures (IPS) are those located along a wind energy facility’s outside 
boundary between SPSs. IPSs should be marked with 2.5-second flashing yellow lights with an 
operational range of not less than 3 nm; 

• For larger wind energy facilities with multiple levels, inner boundary towers may be identified as those 
immediately inside the line of IPS and SPS towers. These should be marked with 6- or 10-second 
flashing yellow lights with a 2-nm operational range; 

• Other turbines inside the wind energy facility should be marked with 15-second flashing yellow lights 
with a 1-nm operational range; 

• Lights serving the same function (SPS, IPS, inner boundary, etc.) should be synchronized. 
• In the case of 2 or more adjacent wind energy facilities, USCG may coordinate marking and lighting 

characteristics or synchronization across the wind energy facilities to best support safe navigation 
through all abutting areas; and 

• All temporary foundation base, tower, and construction components should be marked only with quick 
flashing yellow obstruction lights visible in a 360-degree arc with a 5-nm operational range. This 
lighting configuration requires USCG notification, but not a PATON permit, for appropriate marine 
notices and broadcasts until the final structure marking is established. . 

8. Waste Management and Chemicals 

The Emergency Response Plan, which includes an Oil Spill Response Plan, is contained in Appendix A. 

 Chemicals 

Project facilities will contain components that require lubricating oils, hydraulic oils, and coolants for operation, 
as well as fuels and batteries. In some design concepts, electrical plant equipment commonly associated with 
the offshore substation may be included on the turbine. To avoid complicating the design envelope, the 
chemicals associated with electrical plants on the turbine are accounted for in the electrical substation design 
parameters. The spill containment strategy for each offshore substation is comprised of preventive, detective, 
and containment measures. The offshore substations will be designed with a minimum of 110 percent of 
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secondary containment of all identified oils, grease, and lubricants. These measures are discussed in more 
detail in the Emergency Response Plan in Appendix A. 

Table 8.1-1 shows the maximum requirements for oils and fluids in a single offshore wind turbine. The spill 
containment strategy for each WTG is comprised of preventive, detective and containment measures. These 
measures include 100 percent leakage-free joints to prevent leaks at the connectors; high pressure and oil 
level sensors that can detect both water and oil leakage; and appropriate integrated retention reservoirs 
capable of containing 110 percent of the volume of potential leakages at each WTG. 

Tables 8.1-2 through 8.1-3 show the maximum anticipated requirements for a single offshore substation and 
onshore substation. 

Table 8.1-1. Summary of maximum potential volumes oils, fuels, and lubricants per WTG.  
WTG System/Component Oil/Fuel Type Oil/Fuel Volume 

WTG Bearings and yaw pinions Greasea  187 gallons 

Hydraulic Pumping Unit, Hydraulic Pitch 
Actuators, Hydraulic Pitch Accumulators 

Hydraulic Oil 40 gallons 

Drive Train Gearbox (if applicable), 
Yaw Drives Gearbox 

Gear Oil 106 gallons 

Transformer Dielectric Fluid 1,585 gallons 

Emergency Generator Diesel Fuel 1,200 gallons 

Switchgear Sulfur Hexafluoride (SF6) 243 lbs 
Transformer and Converter Cooling 
System 

Propylene Glycol 357 gallons 

Converter Primary Cooling Ethylene Glycol 48 gallons 
a Approximately 26 gal to 40 gal (100 L to 150 L) per large bearing. 

 

Table 8.1-2. Summary of maximum volumes oils, fuels, and lubricants per offshore substation. 
Equipment Oil/Fuel Type Oil/Fuel Volume 

Transformers and Reactors Transformer oil 79,252 gallons 
Generators Diesel Fuel 52,834 gallons 
High-Voltage & Medium-Voltage 
Gas- insulated Switchgear 

Sulfur Hexafluoride (SF6) 4,950 lbs 

Crane Hydraulic Oil 317 gallons  

 
Table 8.1-3. Summary of maximum volumes oils, fuels, and lubricants per onshore substation. 

Parameter Oil/Fuel Volume 

Transformer oil substation  38,170 gallons 
Fixed shunt reactor 1 oil  15,500 gallons 
Fixed shunt reactor 2 oil  7,350 gallons 
Variable shunt reactor oil  18,300 gallons 
SF6 substation  6,603 lbs 
Batteries (lead acid gel) 4,034 lbs 
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 Waste Management  

Anticipated solid and liquid wastes generated by the Project during the construction, operation, and 
decommissioning phases, and their disposal methods are outlined below and managed through the Safety 
Management System (Volume III Appendix B). The Safety Management System details how the Project would 
manage, store dispose and record wastes.  

8.2.1 Offshore Wastes 

Draft plans regarding how Ocean Wind will implement appropriate and legally compliant waste management 
practices are included in the Safety Management Plan in Volume III, Appendix B. Ocean Wind will meet 
applicable regulations and standards, as set by the International Maritime Organization’s International 
Convention for the Prevention of Pollution from Ships (IMO MARPOL), the USCG, and applicable State 
regulations, for treatment and disposal of solid and liquid wastes generated during all phases of the Project. 
Solid and liquid waste volumes for the Project will be updated for the Facility Design Report and Fabrication 
and Installation Report. 

Wastes generated offshore are containerized, segregated and categorized. Wastes would then be transported 
via vessel to an onshore storage location until coordination can occur for pickup and disposal by a licensed 
waste management company. Wastes generated during offshore work, including those from vessel activity 
during the construction, operations, and decommissioning phases, and disposal are listed in Table 8.2-1 along 
with the potential treatment methods.  

Table 8.2-1. Anticipated solid and liquid wastes generated during offshore work. 
Sourcea Method of Disposal 

Oily bilge water 
Stored onboard and delivered to a port reception facility or treated onboard with an oil 
water separator 

Oily residues (sludge) Stored onboard and delivered to a port reception facility 

Tank washings (slops) N/A 

Sewage 
Treated onboard with a USCG-certified Marine Sanitation Device and discharged 
overboard or delivered to a port reception facility 

Plastics Stored onboard and delivered to a port reception facility 

Food wastes 
Stored onboard and delivered to a port reception facility or discharged overboard in 
accordance with US regulations 

Domestic wastes Stored onboard and delivered to a port reception facility 

Cooking oil Stored onboard and delivered to a port reception facility 

Incinerator ashes N/A 

Operational wastes Stored onboard and delivered to a port reception facility 

Cargo residues N/A 

a Solid and liquid waste categories are based on waste categories provided in Annexes I, II, IV, and V of MARPOL 

All vessels will comply with USCG standards in U.S. territorial waters to legally discharge uncontaminated 
ballast and bilge water, and standards regarding ballast water management. Outside of U.S. territorial waters, 
vessels will be compliant with the IMO Ballast Water Management Convention standards. Vessels will observe 
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the 3-nm No-Discharge Zone and will be equipped with a USCG-certified Marine Sanitation Device for 
treatment of sewage if the vessel is to discharge treated effluent outside of the 3-nm No-Discharge Zone. 

8.2.2 Onshore Wastes 

Wastes associated with the onshore portion of the Project include solid trash, drilling solids, drilling muds, and 
stormwater. All wastes generated shall comply with the applicable state and federal regulations, including but 
not limited to the Resource Conservation and Recovery Act and Department of Transportation (DOT) 
Hazardous Materials regulations. Ocean Wind’s instructions for handling waste offshore where it is generated 
and onshore where it is stored and coordinated for pickup and disposal are provided in Appendix B. Ocean 
Wind is likely to use a site-specific Waste Management Register to identify, profile, categorize, and coordinate 
each waste stream. Where feasible, Ocean Wind will reduce waste and recycling as well as set waste 
reduction goals to minimize its waste generation. 

During construction of the onshore substations, waste material would be disposed of in an appropriate licensed 
disposal facility and/or recycling center. In addition, drilling solid and liquid wastes generated by trenchless 
installation for each of the onshore routes would be disposed of in an appropriate licensed landfill and/or 
recycling center. There is potential for trench materials excavated during installation of the onshore cables to 
be disposed of depending on the properties of soil materials. The amounts of trenched material to be disposed 
of is dependent on final design and the results of subsurface soil investigations. A Licensed Site Remediation 
Professional will be retained to develop management for any contaminated soils (see Volume II Section 2.1.1). 
Stormwater that collects on the onshore portions of the Project during construction will be addressed in the 
construction Stormwater Pollution Prevention Plan, which Ocean Wind will develop and submit for approval by 
appropriate agencies prior to construction and once final design is completed. Stormwater that collects on 
either onshore substation site will be directed to a stormwater management basin and discharged, or 
alternative solution in agreement with the relevant agencies. Anticipated stormwater discharge amounts are 
dependent on final substation design and engineering. 

Solid and liquid wastes generated during decommissioning would be dependent on the plans for the onshore 
facilities at the end of Project’s operational life. Decommissioning of the onshore portions of the Project would 
occur in accordance with a detailed Project decommissioning plan that will be developed in compliance with 
applicable laws, regulations, and best management practices at the time. Solid and liquid wastes will be 
disposed of in accordance with New Jersey regulations and standards. 

9. Other Information 

 Design Standards 

Ocean Wind will follow a “design-basis” approach, whereby the project design criteria and standards to apply 
are outlined and justified. The proposed approach utilizes the project certification structure in the IECRE OD-
502 Project Certification Scheme10 as a baseline for establishing the design criteria and fulfilling the 
requirement for a BOEM-approved CVA to monitor the Project. Any requirements from BOEM are added on top 
of this structure. 

Ocean Wind will apply the approach specified in IECRE OD-502 and outlined in the CVA Scope of Work 
provided as part of the CVA nomination. The Project development will follow the following general stages: 

 Site Conditions Assessment 

 
10 International Electrotechnical Commission System for Certification to Standards Relating to Equipment for Use in Renewable 
Energy Applications (IECRE). 



 
 

  
Page 172/172 

• Design Basis Evaluation 
• Design Evaluation 
• Manufacturing Surveillance  
• Transportation and Installation Surveillance 

The detailed list of codes and standards for the Project will be presented during the Design Basis Evaluation, 
during which design, manufacturing, and transportation philosophies, assumptions, and site-specific design 
criteria based on site assessment data are documented for the design of all major Project components - 
including wind turbines, offshore support structures, electrical service platforms (offshore substations), and 
subsea cables. This documentation will be reviewed, commented upon, verified, and approved by the CVA 
before commencing with the detailed design activities for the Project. Each of the major components will 
produce a design basis document package, which will form a part of the final FDR/FIR submission to BOEM. 
This design basis package will list the codes and standards along with specific Ocean Wind requirements, 
general design philosophies, and site-specific design criteria and assumptions.  

Conceptual plans and drawings, in addition to those provided above in Volume I are provided in Appendix U.  
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