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LETTER OF TRANSMITTAL 
March 17, 2023 

 

Dr. Robb Moss, PE 

California Polytechnic State University 

1 Grand Avenue 

San Luis Obispo, CA 93405 

 

 

Dear Dr. Moss, 

 

Wind Wrangler Engineering Services is proud to present our 80% design submittal for the 

Floating Offshore Wind Farm Project that is to be situated 40 km NW off the coast of Morro 

Bay, CA. As per the Request for Design, this document contains our 80%  design report, 

drawings, and applicable appendices.  

 

The contents of the design report include our project understanding, scope of work, identified 

data and design constraints, and sustainability analysis. Additionally, we have included our 

design approach and recommendations with supporting work available in Appendices A-E. 

Included in these appendices are our structural and geotechnical calculations, design drawings, 

Class 2 Cost Estimate, and design schedule which is broken down into two schedules: 

permitting and construction. 

 

Thank you for this opportunity to work alongside you to transform the Offshore Wind Farm 

Industry along the West Coast of the United States. If any further questions, comments, or 

concerns arise, please contact Cormack Williams via email at cwill124@calpoly.edu or via 

phone at (858) 602-2528.   

 

 

 

 

 

Sincerely, 

Cormack Williams 
Cormack Williams 

Project Manager, Geotechnical Specialist 

Wind Wrangler Engineering Services 
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PROJECT UNDERSTANDING 

Overview 
The emergence of new offshore wind energy projects developing for the Central Coast of  
California introduces the need for preliminary design from a Civil Engineering perspective of  

offshore floating wind turbines (FOWTs). The water off the Central Coast rapidly increases in  

depth, therefore, the proposed offshore windfarm contains floating turbines with a tethered 

mooring system anchored to the ocean floor subsurface. The wind farms will then connect to 

the power grid at the grid ties in Morro Bay using ocean bottom cabling. The proposed turbines 

will be of 14 MW nameplate capacity with up to 100 turbines located in the wind farm and 

interconnected via inter-array cable. 

 

Site Location 
The proposed wind farm location is 40 km offshore to the NW of Morro Bay near the NOAA 

buoy 46028, connecting to a power plant located in Morro Bay (Figure 1). 

   

 
Figure 1. The current proposed wind farm location is about 40 km offshore to the NW of Morro 

Bay near NOAA buoy 46028 (Moss, R., 2022). 

 

Project Objectives  
The goal of this design project is to perform an 80% preliminary design of a single floating 

offshore wind platform for a 14 MW turbine. This preliminary design involves 

recommendations for structural design, geotechnical design, and construction planning. 

WWES is providing structural recommendations pertaining to the tower and floating platform, 
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geotechnical recommendations for the mooring system consisting of the tether and anchor, 

and construction feasibility covering the budgeting, staging, construction, timeline, and 

delivery logistics from the Port of Hueneme. 

 

Current Site Conditions 
The current proposed wind farm location is roughly 40 km offshore to the NW of Morro Bay 

near NOAA buoy 46028 where consistent wind data has been recorded for over 27 years. The 

wind at this location has shown an average speed of 8.5 m/s from long term buoy data. The 

climatic mean and standard deviation plots for wind speed, significant wave height, and 

dominant wave period at buoy 46028 provided by the National Data Buoy Canter (NDBC) and 

National Oceanic and Atmospheric Administration are displayed below as these site conditions 

are major influences in the FOWT design. 
 

 
Figure 2. Station 46028 climatic mean and standard deviation plot for the average wind speed 

in knots from historical data from 1997-2008 provided by the NOAA (NDBC station page, 

2023). 

court
Rectangle

court
Text Box
e



 

 Page  |  6 

FINAL DESIGN REPORT 

FLOATING OFFSHORE WIND FARM 

WIND WRANGLER ENGINEERING SERVICES 

 
Figure 3. Station 46028 climatic mean and standard deviation plot for the significant wave 

height from historical data from 1997-2008 provided by the NOAA (NDBC station page, 2023). 
 

 
Figure 4. Station 46028 climatic mean and standard deviation plot for the dominant wave 

period from historical data from 1997-2008 provided by the NOAA (NDBC station page, 2023). 

 
The depth of water to the continental shelf is roughly 800 to 1100 m with a slope of 1 km 

vertical to 10 km horizontal. 
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SCOPE OF WORK 

Structural 
Offshore structures are designed with respect to ultimate limit state (ULS) and fatigue limit 
state (FLS), meaning they must withstand extreme loads and are designed so that fatigue 

damage will occur only after a certain lifetime. The primary component of the structural work 

for the project is designing the floating platform and tower to withstand the wind, wave, and 

current environmental loading. The FOWT system consists of a mooring system, floating 

platform, tower, and a rotor-nacelle-assembly (RNA) which is a combination of the nacelle, 

gearbox, and rotor combining the hub and blades. Conceptual and preliminary stages of the 

FOWT design process were carried out. Buckling, yielding, and stability analyses were 

conducted on the tower and platform to ensure the structure was designed against the ULS. 

Fatigue assessment was carried out to analyze the FLS and ensure the structure will fulfill its 

intended design life of 20 years (DNV-OS-J103, 2013). Natural periods of the structure were 

compared to wave periods to avoid the negative effects of resonance. 

 

Geotechnical 
The geotechnical scope of work involves providing foundation recommendations for mooring 

the floating offshore wind turbine to the seafloor. The selected foundation type, suction 

caisson, is designed following Arany and Bhattacharya (2018) to mitigate uplift concerns due 

to environmental loading. A schedule of recommended caisson dimensions is provided as well 

as a figure showing caisson embedment depth versus capacity for a range of caisson 

diameters. 

 

Construction 
The construction scope of work includes a Class 2 Cost Estimate, Class 3 Design Schedule, and 

Project Execution Plan (PEP). The PEP contains an executive summary, execution phasing 

strategy, public outreach plan, construction safety plan, and quality control and assurance 

plans. Key construction considerations for this project includes establishing the project cost 

and schedule, mitigating unforeseen conditions, and ensuring public and construction on-site 

safety. To ensure these key considerations are properly addressed and construction operations 

run smoothly and efficiently, WWES will proactively coordinate with onsite and offsite 

agencies. WWES’ proactive coordination also aids in ensuring and maintaining public and job 

site safety because it can anticipate potential hazards resulting from construction through 

properly managing concerns such as traffic control, danger zones, and waste areas.  

 

Environmental Consideration 
At WWES we aim to provide an environmentally sustainable design and construction plan. The 

development of floating offshore wind turbine farms has the potential to provide clean energy 

to millions of Americans and reduce greenhouse gas emission to prevent the impacts of 

climate change and contribute the Biden-Harris Administration commitment to deploying 30 

gigawatts of offshore wind energy by 2030. However, floating offshore wind infrastructure 

presents risks to the environment off the coast of Morro Bay. Therefore, WWES strongly 
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believes it is important to develop the proposed wind farm in a way that minimizes 

environmental impacts. To begin, one risk could be wildlife entanglement in the mooring 

system and power cables connected to the turbine. To combat this, WWES proposes a single 

tether system for each wind turbine, likely to pose a low risk because these tethers and cables 
are large and rigid (Kershaw, 2021). Additionally, the mooring line system may impact marine 

life at the surface of the ocean bottom because the tether and anchor may disrupt the 

movement of migratory fish. However, since the turbines will be placed 1 km apart, we believe 

that the tethers will be far enough from each other to not grossly obstruct marine life patterns.  

 

There is also the potential of introducing non-native and invasive species to the wind turbine 

farm site because the turbines will be tugged from the Port of Hueneme to their final location 

off the coast of Morro Bay. However, since the Port of Hueneme recently received the 

Comprehensive Environmental Management Award, we believe that they have the proper 

invasive species mitigation measures to prevent these species from latching onto our turbines 

at port before they are towed to site. Furthermore, research conducted by the Bureau of Ocean 

Energy Management (BOEM) has shown that “offshore wind foundations may function like 
artificial reefs by creating new habitats which attracts marine organisms… and potentially 
increasing the biological diversity of the area” (Bureau of Ocean Energy Management, 2021). As 

such, the presence of our wind turbines may increase biological resources, if invasive species 

potential is properly mitigated.  

 

DATA AND DESIGN CONSTRAINTS 

Structural 
Choosing a suitable FOWT is based on the design constraints of the construction site, 

installation site, and operating conditions. These involve water depth, environmental 

conditions, shore distance, and seabed properties. The FOWT is to be constructed in the Port 

of Hueneme and installed 40 km offshore to the NW of Morro Bay near the NOAA buoy 46028. 

The spar-type FOWT was chosen as it seemed to be the most suitable concept for the deep-

water applications of this site. The lowered center of gravity suppresses pitch and roll motions 

and the ballast stabilization enables cost reduction by utilizing cheap materials. Furthermore, 

the spar allows a small waterplane area, reducing wave forces, and has a deep draft that 

reduces heave motions. Overall, the spar maintains a relatively simple and inexpensive 

platform geometry (Dinh et. al., 2013).  

 

Environmental conditions were obtained from the National Data Buoy Center (NDBC) of the 

National Oceanic and Atmospheric Administration (NOAA) historical buoy data. Load 

combinations were calculated in accordance with DNVGL-ST-0437 (2016): Loads and Site 

Conditions for Wind Turbines. It was found that the combination of the maximum wind load due 

to extreme operating gust (EOG) at rated wind speed at the 1-year extreme wave height 

governed the environmental loading. This aligns with the findings of a study by de Souza et. al 
(2022) which states “load cases associated with the rated windspeed often govern the extreme 

loads” of larger FOWTs “unlike previous studies with 5 MW and 10 MW FWTs.” 
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Geotechnical 
Subsurface exploration is yet to be performed at the site beneath NOAA buoy 46028. 

However, we assume two general seafloor conditions for foundation design: sandy soil and 

clayey soil. For the sandy soil condition, we assume an effective friction angle of 26-32 

degrees. For the clayey soil condition, we will utilize a boring log from a nearby deepwater site. 

This boring log shows very soft to soft olive gray clay to a depth of approximately 8.5 meters 

beneath the seafloor which gives way to firm to stiff olive gray clay until boring termination at 

a depth of approximately 61.8 meters. The surficial clay yielded a laboratory undrained shear 

strength of approximately 4.8 kPa, which increased approximately linearly by 1.8 kPa/m (Moss, 

2022). 

 

Construction 
The construction of these 100 14 MW turbines offshore wind farm project has several 

constraints including the supply availability of turbine components for a 14 MW turbine, 

transportation process of turbine components to the onshore construction site and then to the 

offshore site, and the port size and bearing capacity. To account for the limited supply and 

manufacturing of 14 MW turbine components, we assumed a more conservative estimate for 

procurement time in the design schedule. Finding transportation and assembly equipment 

currently available with the capacity to handle the loads required by the turbine was also a 

challenge. As such, additional cranes, operating, and transportation equipment were assumed 
necessary and reflected by more conservative pricing in the cost estimate. 

 

Lastly, port size and bearing capacity were limiting factors for the quantity of turbines that 

could be stored and assembled at a time. Due to the size constraints of the commercial side of 

Port Hueneme, WWES was only able to hold the assembly of one (1) turbine and storage of 

four (4) turbines at a time. Additionally, after consulting with a Port Hueneme Environmental 

Manager, this port, and all other ports in California, currently does not have the bearing 

capacity required to support wind turbine construction and will need additional foundation 

upgrades. According to the port’s Environmental Manager, Port Hueneme currently has a 

bearing capacity of between 6-10 ksi and will likely need around 10 times this amount to 

support the wind turbine construction loads. However, financing for California port 

infrastructure upgrade projects is underway to support the US’s renewable energy goals. So, 

by the time this project has passed the years long BOEM permitting approval process, Port 

Hueneme will likely have the foundation bearing capacity to support wind turbine 

construction.  

 

DESIGN APPROACH AND RECOMMENDATIONS 

Structural 
Support Structure Design  

WWES is proposing a deep draught spar-type offshore floating wind turbine. The proposed 

spar design consists of a 160 m long steel cylinder including 10 m of freeboard. The deep-water 

conditions off the coast of Morro Bay allow the spar’s 150 m draft. For this preliminary 80% 
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design, the spar is modeled as an unstiffened cylinder, with a diameter of 25 m, and a constant 

thickness of 450 mm to sustain the buckling loads from the turbine tower and rotor-nacelle-

assembly (RNA), while ensuring the floatability of the structure. See Appendix B.5 for 

calculations regarding buckling of the spar. The spar characteristic buckling stresses were 

calculated using Load and Resistance Factor Design (LRFD) methodology per DNVGL-RP-C202 

(2019): Buckling Strength of Shells. The hydrostatic pressure causing circumferential stress 

governed the buckling stress. Although, this can be attributed to conservative assumptions 

made regarding the hydrostatic pressure demand. A model of the proposed FOWT is displayed 

below (Fig. 4), 

 

 
Figure 5. Model of proposed FOWT 

 
 

The spar is ballasted with 22,808 tons of high-density concrete enhanced with magnetite, 

which is an iron ore that is a common ballast material for offshore applications because of its 

high density. The ballast volume was designed to provide sufficient stability to the FOWT and 

will be elaborated on. Above the permanent ballast is 4,155 tons of variable ballast made of 

seawater (open tank to the ocean). The level of the variable ballast is controlled by pumping 

compressed air to the top of the tank to achieve neutral buoyancy as the operating conditions 

of the turbine change. The spar linearly tapers off 10 m below the waterline in a conical 
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transition to connect to the turbine tower and to lessen the wave effects near the waterline. 

Also, 10 m of freeboard is provided to prevent the turbine tower from being at sea level to 

protect from corrosion and to protect the maintenance deck from waves. Both the spar and 

tower are made of S420 steel, which is a common steel used for offshore applications 

(Igwemezie, 2019). A steel with high yield strength is chosen as the yield strength of hot-rolled 

steel decreases with the large wall thicknesses of the spar and tower. The main properties of 

the proposed floating platform are summarized in Table 1 below. 

 

Table 1. Proposed spar floating platform properties 

Spar Properties -S420 

Diameter 25 m 

Thickness 450 mm 

Total Length 160 m 

Freeboard 10 m 

Draft 150 m 

Steel Mass 44497 tons 

Permanent Ballast 22808 tons 

Variable Ballast 4155 tons 

Total Spar Mass 73862 tons 

 

Tower Design  

The SG 14-222 14 MW turbine produced by Siemens Gamesa Renewable Energy is used in the 

design of the proposed wind turbine. Technical specifications for the turbine are displayed 

below in Table 2 (de Vries, 2019). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Technical specifications for the SG 14-222 (de Vries, 2019). 
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Siemens Gamesa 14 MW Turbine: SG 14-222DD 

Nominal power 14 MW 

Blade length 107 m 

Rotor diameter 222 m 

Swept area 39000 m2 

Cut-in wind speed 3.5 m/s 

Cut-out wind speed 28 m/s 

Blade mass 55 tons 

Nacelle height 10.4 m 

Nacelle length 20.6 m 

Nacelle width 11 m 

Nacelle mass 600 tons 

 

The turbine tower consists of a 125 m taper cylinder supporting the RNA with a nominal 

capacity of 14 MW. The cylindrical tower tapers from 10 m to 8 m with a constant thickness of 

50 mm to support the buckling loads of the RNA. As a conservative measure, the self-weight of 

the tower was included in the point load for the tower buckling as well as contributions from 

the P-delta effect. See Appendix B.3 for tower buckling calculations. Tower yielding was 
analyzed using basic beam theory considering the thrust force acting on the rotor and the P-

delta effect from the shift of the tower top under loading that gives rise to a moment arm for 

the RNA weight (Fredheim, 2022). See Appendix B.4 tower yielding calculations. Overall, the 

characteristic shell buckling of the tower governed over the column buckling of the tower and 

yielding of the tower. The main tower properties are displayed in Table 3 below. 

 

Table 3. Proposed turbine tower properties 

 

Tower Properties 

Bottom Diameter 10 m 

Top Diameter 8 m 

Thickness 50 mm 

Tower Height 125 m 

Hub Height 135 m 

Mass 1494 tons 

 

 

 

Stability Analysis 
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The intact stability of the structure is analyzed, however per DNV-OS-J103 (see page 81), for 

unmanned units, like wind turbines, damaged stability is not a requirement. The stability of the 

spar-type FOWT is provided by the magnetite enhanced concrete ballast. The stability of 

offshore structures is typically analyzed through its curve to static stability, which is a plot, 

shown below in Figure 6, of the righting arm of the FOWT vs the heeling angle caused by the 

environmental forces.  
 

 
Figure 6. The Curve of Static Stability of the FOWT plots the righting arm of the structure vs 

the heeling angle due to environmental forces.  

 

The spar can right itself irrespective of the angle of heel if the center of gravity is kept below 

the center of buoyancy by the ballast. Because of this attribute, it was determined in Figure 5 

that the heeling angle at which a maximum righting arm of 16.89 m occurs is at 90 deg. This 

means that at this angle, the structure uses the most energy to put it back to its vertical 

position. However, the created curve of static stability seems to be inaccurate as it gives a very 

high maximum heeling angle (Bockute, 2019). To continue, offshore structures are also 

analyzed by their righting moment curves to ensure sufficient stability. The righting moment 
curve of the proposed FOWT is provided below Figure 7. 

 

 
Figure 7. Plot of the righting moment and inclining moment vs the heeling angle due to 

environmental forces 
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Per DNV-OS-C301 (2001): Stability and Watertight Integrity (see page 14), the area under the 

righting moment curve to the second intercept or down flooding angle, whichever is less, shall 

not be less than 30% in excess of the area under the wind heeling moment curve to the same 

limiting angle. Because the spar-type floating platform is difficult to capsize, the graph of the 

righting and inclining moment does not have a second intercept to allow the stability to be 

analyzed per DNV code requirements. As shown in Figure 6, the largest restoring capacity is at 

90 degrees. In absence of conforming design philosophy from DNV codes, the American 

Bureau of Shipping (ABS) codes were used to satisfy the stability of the FOWT. As such, ABS: 

Guide for Building and Classing Floating Offshore Wind Turbines (see page 134) states “for the 
spar-type floating substructure, the righting energy at the inclination angle of 30 degrees is to 

reach a value of not less than 30% in excess of the area under the overturning curve to the 

same limiting angle.”  
 

The overturning moment is conservatively determined by applying the wind, wave, and current 

loads as point loads on the structure to obtain the worst-case scenario. DNVGL-OS-C301 

(2001) reports that the intact inclination angle is limited to 12 degrees for normal operating 

conditions as the power output of the structure will be seriously reduced for angles above this 

limit. Our proposed turbine has an inclination angle of 12 degrees which satisfies the provided 

recommendation. See Appendix B.6 for calculations regarding the stability of the FOWT. For 

the dimensions of the spar regarding draft and diameter, the stability of the structure 

governed the geometry of the spar through several iterations adjusting the geometry of the 

spar and amount of ballast to lower the center of gravity to ensure a sufficient restoring 

moment and reasonable heeling angle. Then, the hydrostatic pressure governed the wall 

thickness of the spar to prevent shell buckling. 

 

Natural periods of the FOWT should fall outside of the “energy rich part of the wave spectra 

from 5-25 seconds” to avoid increased excitation due to resonance ” (Johannessen, 2018). This 

matches the dominant period range of the installation location. The proposed FOWT satisfies 

this recommendation as it has a heave period of 25.628 s, a pitch period of 43.175 s, and a roll 

period of 43.175 s. The contribution of mooring lines was ignored for simplicity. See Appendix 

B.6 for calculations of the natural period.  

 

Fatigue Analysis 

FOWTs are highly dynamic due to the cyclic wind, wave, and current motion combined with 

the rotating turbine. The proposed FOWT is prone to fatigue due to this cycling, causing 

fatigue damage to be the usual design driving factor. Arany et. al. (2017) cites a study by 

Kucharczyk et al. (2012) where “it was identified that the fatigue endurance limit of the S355 

steel is 260 MPa.” According to Arany et. al. (2017) “fatigue endurance limit of the material 
means that under stress cycles with a magnitude lower than this value, the material can 

theoretically withstand any number of cycles.” Arany et. al. (2017) cites this justification to 

assume the fatigue life of structural steel is sufficient. The same justification is used for the 

proposed FOWT as the maximum stress the tower base experiences is about 156.094 MPa, the 

maximum axial stress experienced in the spar is 13.183 MPa, and the grade of steel for the 

turbine tower is S420. See Appendix B.7 for fatigue related calculations. Therefore, in lieu of 
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sophisticated simulation tools that are beyond the scope of this project to estimate the 

number of load cycles in the FOWT’s design life, similar reasoning is used in the preliminary 

fatigue analysis of the tower. A more precise fatigue analysis will be carried out in the 

remaining 20% of the design. 

 

Welded tubular joints are considered critical structural components of offshore platforms that 

function as weak spots for fatigue loading. Their fatigue performance is strongly influenced by 

the magnitude of the applied cyclic loading. However, fatigue analysis on welds is beyond the 

scope of 80% preliminary design and will be addressed per DNV-RP-C203 (2014): Fatigue 

design of offshore steel structures in the remaining 20% of the design. 

 

Conclusions 
Long term issues with fatigue and cracks propagating in welded structures are especially 

critical in the design life of large FOWT’s. The large wall thickness of the steel shells in the 

design worsens this problem and there are challenges associated with welding such thick steel 

plates. Therefore, the utilization of stiffeners to enhance the design would allow thinner shells 

while maintaining sufficient buckling capacities. A tapered thickness along the spar and tower 

would aid this issue while a constant thickness was assumed for the purposes of the 80% 

preliminary design. 

 

The mass of the turbine tower is on par with similar upscaled and existing large FOWTS. 

However, the proposed spar is significantly heavier than any similar conceptual design. This is 

likely due to conservative loading assumptions made and can be remedied with the 

aforementioned design improvements and more precise loading.  

 

Geotechnical 
Selection of Anchor Type 

To anchor the floating wind turbine to the seafloor, WWES recommends implementation of a 

suction caisson foundation. Offshore structures utilize several different anchoring systems 

across a wide range of applications such as floating offshore oil and gas and floating semi-

submersible structures. Available mooring systems for deepwater floating offshore structures 

include drilled shafts, driven piles, drag anchors, suction caissons, suction embedded plate 

anchors, and dynamically-penetrating or “torpedo” anchors (Randolph and Gourvenec, 2011). 

However, the suction caisson is quickly becoming the most widely used and studied anchoring 

system for floating offshore applications with several benefits including increased pullout 

resistance in both sand and clay relative to traditional piling and foundation techniques. 
 

General Sizing and Installation 

Suction caissons differ from traditional driven pile foundations both in their size and in method 

of installation. Suction caissons are large steel cylinders with one closed end and one open end, 

typically with an outside diameter ranging from 4 and 20 m. Diameters of traditional driven 

piles are usually no greater than 3 m. Suction caissons typically have a length-to-diameter ratio 

no greater than 5, whereas driven piles have a length-to-diameter ratio that can range 

between 30 and 60 (Iskander et al., 2011). Installation of suction caissons involves allowing the 
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caisson to sink a short distance into the seafloor under its own self-weight, open-end first, 

creating a “seal” with soil plugging the inside of the caisson. This is followed by the application 
of suction as water is pumped out of the closed end of the caisson. This suction creates a 

pressure differential inside the caisson, pulling it down into the seafloor to full penetration 

depth without the use of a driving hammer (Iskander et al., 2011). The floating turbine is 

attached to the caisson via a tether connected to a padeye located on the outside of the 

caisson, placed at a depth such that soil resistance is mobilized through anchor horizontal 

translation instead of rotation. This depth is approximately two-thirds of the full caisson length 

in nearly all cases. (Arany and Bhattacharya, 2018; Randolph and Gourvenec, 2011). 

 

Design Methodology 

Arany and Bhattacharya (2018) provide methodology for suction caisson design in soft clay 
with undrained shear strength values increasing linearly from 15 kPa at a rate of 2 kPa/m and 

for medium sand with an effective friction angle of 30 degrees. These soil conditions are similar 

to those assumed to be present at and around NOAA buoy 46028, so we can apply the 

methods provided in Arany and Bhattacharya (2018) for suction caisson design. One major 

assumption of the design WWES provides is that the tether load at the mudline is equivalent to 

the tether load at the anchor. This is a conservative assumption, as the load at the anchor will 

be slightly less than the load at the mudline because the soil through which the tether travels 

between the seafloor and the padeye provides resistance to environmental loads. Koh et al. 

(2019) and Zhu et al. (2018) separately concluded that cyclic loading would have negligible 

effect on caisson ultimate capacity for moderate load inclination angles such as the one 

assumed by WWES. 

 

Suction Caisson Recommendations 

When designing suction caissons to moor the offshore wind turbine to the seabed, WWES 

assumes a homogeneous soil profile consisting of either clay or sand with index and strength 

characteristics as described above. Design drawing G-1 shows a schedule of recommendations 

for suction caisson dimensions for these two soil profiles. Appendix C contains a sample 

calculation for design dimensions in both soil types for a length-to-diameter ratio of 2 under 

the design environmental load of 18.106 MN. Appendix C also contains full tables of calculation 

parameters for whole length-to-diameter ratios from 2 to 5 under the design loading condition 

as well as extreme loads of 20, 22 and 24 MN. During installation, there exists the possibility 

that the caisson encounters an unknown stiff soil layer that is impossible to pass, either during 

the sinking-by-self-weight phase or the suction phase of installation. If this should occur before 

the caisson ultimate capacity surpasses the environmental loads, WWES recommends 

installation of a second caisson located far enough from the first to have negligible effect on its 

capacity. Figure 8 below shows caisson ultimate capacity versus depth achieved for whole-
numbered caisson diameters from 4 to 8 meters.  
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Figure 8. Ultimate Caisson Capacity versus Depth Achieved 

 

Construction 
Cost Estimate 

Scope of Work: 

The Scope of Work (SOW) of this project includes designing the specifications, construction 

staging, and installation of a 14 MW floating offshore wind turbine to be stationed as part of a 

100-turbine farm 45 km NW off the coast of Morro Bay. This wind turbine is to be 

approximately 249 m above sea level at its highest point and have a single spar buoy, anchored 

by one embedded suction caisson. The water depth in this area is expected to be 800-1000 m 

deep with a subsurface profile of sandy and clayey soils. The scope of this Class 2 Cost Estimate 

accounts for the following construction and installation costs including, but not limited to, 

preconstruction port work, turbine component procurement, two (2) mobilizations, assembly, 

installation, and utility installation. Exclusions and assumptions can be found below. 

Additionally, the SOW has been organized within the Cost Estimate by project phase.   

 

Cost Basis: 

Most of our unit cost estimates were obtained from Catapult Offshore Renewable Energy’s 
2019 Wind Turbine Cost Estimates for farms in the United Kingdom. These line items costs 

were given in £/MW, so we converted to USD using the average 2019 GBP to USD conversion 

rates and then adjusted for inflation using Historical Consumer Indexes. Other unit costs, such 

as site assessment, were obtained from consultation with industry professionals and 

manufacturers, and adjusted for inflation accordingly.   

 

Assumptions: 

The Class 2 Cost Estimate values are based on current industry prices for a start date by the 

end of Quarter 2 of 2023, standard 40-hr daytime work weeks and a seven-month construction 

timeline for the assembly and installation offshore of a singular 14 MW wind turbine. Since the 

permitting process may take several years, the costs used may need to be adjusted again for 

inflation near the projects’ projected start date. WWES also assumes that the Port of Hueneme 
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construction areas have already been acquired or rented by the owner and that all labor is to be 

supplied locally. Additionally, we assume that no grading, earthwork, or resurfacing for road 

re-routes is required since the proposed construction areas are already level and drivable due 

to it being the largest commercial vehicular shipping port in California.   

 

Exclusions 

This Class 2 Cost Estimate excludes off-site hauling and disposal fees for demolition and 

construction waste, post-sunset commercial lighting, security systems, and construction 

equipment other than the large cranes included. Costs for overtime or schedule delays and 

night and weekend work are also excluded. Additionally, turbine demobilization, operations, 

and maintenance costs have been excluded. Furthermore, dampers for Vortex Induced 

Vibrations (VIV) have been excluded as this requirement may change as the last 20% of the 

design is refined. This estimate includes the construction costs for only one (1) turbine and 

excludes costs for the unassembled turbine components laid out on the project site plan; the 

purpose of those components is to depict proposed storage areas and turbine component 

quantities that could possibly be stored on site for future construction. Furthermore, safety 

and pollution mitigation measures beyond erosion control, including fall protection, 
scaffolding, and sandbags, are not included. 

 

Contingencies 

The Cost Estimate includes 20% and 40% contingencies within the soft costs category based 
on the risk analysis breakdown displayed below. Two contingency prices are offered to reflect 

the estimate for a typical Class 2 Cost Estimate but also to show a more conservative estimate 

value due to the possible risk associated with the fluctuating economic market, permitting 

timeline uncertainty, and changes in the offshore wind turbine component manufacturing 

industry. The overall risk analysis shown below accounts for financial, design, and technical 

risks arising from factors such as the economic market uncertainties, procurement and 

scheduling delays, and WWE’s team expertise with the project’s design elements.   
  

Risk Analysis:  

20% Contingency: 

14% - Cost Risk: Estimate Based Off UK Pricing, Limited Availability of Equipment           

           with Capacity for 14MW Turbines, Fluctuating Economy  

3% - Design Risk: Conceptual Design Phase, Design Re-Working  

3% - Technical Risk: Constructability and Stability Design  

 Total Risk: 20%  

 

40% Contingency: 

27% - Cost Risk: Estimate Based Off UK Pricing, Limited Availability of Equipment      

     with Capacity for 14MW Turbines, Fluctuating Economy  

5% - Design Risk: Conceptual Design Phase, Design Re-Working  

8% - Technical Risk: Constructability and Stability Design  

Total Risk: 40%  
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Project Execution Plan: 

Executive Summary:  

The Floating Offshore Wind Farm Project involves installing a farm of 100 14 MW wind turbines 

40 km off the coast of Morro Bay, CA. The purpose of this wind farm is to harness wind energy 

as a renewable energy source to power and increase the capacity of the State of California’s 
electrical grid. Using wind power as a renewable energy source will reduce the country’s carbon 

footprint and reliance on unsustainable energy sources for electricity such as burning fossil 

fuels and natural gas. This Project Execution Plan assumes and only applies to the construction 

of one 14 MW turbine at a time.  

 

Project Deliverables: 

The construction portion of the Floating Offshore Wind Farm Project includes the assembly 

and installation of a singular 14MW offshore wind turbine. Turbine assembly will occur onshore 

at the Port of Hueneme in Los Angeles, CA and then transported to the offshore site off the 

coast of Morro Bay, CA. Temporary road-rerouting will also be required for port-side 

construction.  

 

Outreach Plan: 

WWES understands the impact this Floating Offshore Wind Turbine Project could have on the 

Port of Hueneme and its surrounding businesses, residents, visitors, especially due to 

construction noise levels and potential traffic congestion. To address the impact on the local 

community, WWES has compiled a public outreach plan with strategies for mitigating these 

inconveniences and improving overall safety.  

 

1. Public Meetings – Hosting public meetings would provide local businesses, residents, 

and other impacted parties an opportunity to voice their opinions and concerns about 

the project, ask questions, and review project plans. Public meetings would also allow 

the project team to describe how the project will function, address any questions and 

concerns, and explain how they plan to disperse information and updates regarding 

safety and transportation to the community around the project site.  

 

2. Media – Publicizing project information through different forms of media such as local 

and county-wide newspapers, conferences, social media, and television will help 

maximize audience reach. Using a widespread of media platforms will help the project 

team provide timely and consistent updates regarding community impact as the 

project progresses.  

 

3. Renewable Energy Education – Offering renewable energy lectures and discussion 

dialogues to the community may also help with gaining public favor for the project in 

addition to educating people on why harnessing offshore wind energy is a great option 
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for powering our country from a sustainability standpoint. This educational offering 

could also inspire more sustainable habits and initiatives in the local community.  

 

Execution Strategy – Rough Phasing: 

Phase I – Permitting: 

Phase I comprises of the permitting process, prior to construction. The permitting process may 

last up to a decade, as demonstrated in the Appendix E Permitting Schedule portion of the 

Design Schedule. The permitting time is dependent on how quickly the BOEM can review and 

approve of the various plans, site assessment surveys, and other documentation the project 

team must submit. This timeline may be reduced as offshore wind energy projects and 

technology become more common in the United States. Currently, there are four major stages 

to the BOEM project approval process: 

 Stage 1: NEPA Planning and Analysis (~ 2 years) 

 Stage 2: Lease Issuance (~1 year) 

 Stage 3: NEPA Approval of Site Assessment Plan (~2 years) 

Stage 4: NEPA Approval of Construction & Operations Plan (~2 years) 

  

Stage 1 consists of identifying port construction and offshore site areas and environmental 

reviews. Stage 2 involves the publishing of leasing notices, auctioning of leases, and lease 

issuance. Though project may have a site lease issued, this does not give them authority to 

begin construction. At the end of this permitting stage, they are only approved to begin site 

assessments. Stage 3 is the site assessment phase which involves devising a site assessment 

plan and characterization and conducting site surveys such as Resource and Metocean 

Assessments, Geological and Hydrological Surveys, and Subsurface Sampling. Once the site 

assessments in Stage 3 are approved, Stage 4 begins which is the Construction & Operations 

Plan approval process.  

 

Phase II – Mobilization 1, Site Work, and Procurement at Port Site: 

Once the Phase I Permitting Process is complete, Phase II begins which includes Mobilization I, 

Site Preparation, and Procurement at the port site, Port Hueneme.  

 

Phase II begins with Mobilization I which involves installing traffic road barricades for impacted 

roads leading to the project site, new traffic redirection signage, temporary construction 

fencing and temporary sound barriers. Temporary facilities such as the job site trailer and 

restrooms will also be delivered and placed. A parking area for on-site workers will be 

established as well.  

 

The Site Preparation aspect of Phase II consists of the demolition, traffic control and site work, 

and storage warehouse installation. Demolition includes demoing existing warehouse 

buildings and existing road pavement on the project site, as per the Demolition Plan. The site 

and traffic control work includes installing temporary road barriers for rerouting traffic around 
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the site, filling in the areas where the warehouses were demoed with asphalt pavement, and 

installing more temporary traffic signage. Since the current purpose of the port is to store and 

ship vehicles, we assume that all existing open areas are acceptable for vehicular movement. 

So, new pavement will not be needed for the new roads created to reroute existing ones. 

Additionally, the prefabricated storage warehouse will be installed to complete site 

preparation.  

 

The Procurement process includes procuring – ordering, manufacturing, and shipping - all 

onshore and offshore equipment, turbine components, and mooring and anchor system 

components. WWES assumed a timeline of one (1) year for this process to account for the 

turbine components being manufactured and shipped from Europe. The timeline may be 

reduced depending on the status of offshore wind turbine manufacturing technology advanced 

in both Europe and the United States..  

 

Phase III – Assembly at Port Site: 

Once Phase II is completed upon the successful delivery of the required procurement items, 

Phase III begins which is the turbine assembly. During this phase, the turbine’s tower, blades, 
rotor, nacelle, foundation, and deflated spar buoy are assembled horizontally along the port 

using onshore cranes and a jackup vessel. Upon completion of this assembly, the turbine 

undergoes commissioning to ensure all components are without flaws and were assembled per 

manufacturer specifications.  

 

Phase IV – Mobilization 2: 

After the turbine assembly is completed at the port, Phase IV, Mobilization 2, begins. During 

this phase, trenching will be done for utility line placement and the suction caisson, assembled 

turbine, spar buoy ballast fill material, and offshore cranes are transported by vessel to the 

offshore site.  

 

Phase V -  Installation & Connections at Offshore Site: 

Phase V begins once the components have arrived at the offshore site for the final  

turbine installation and utility connections. First, the suction caisson will be installed using a 

suction caisson-specific installation equipment. Then, the suction caisson will be tied to the 

mooring line. Next, the spar buoy will be filled with the ballast material to right the turbine 

from a horizontal to vertical position and the fully inflated turbine will be placed on the water 

above the suction caisson. The mooring line will then be connected to the spar buoy padeye. 

Simultaneously, the utility lines will be installed and buried from the onshore substation to the 

offshore turbine site and then connected to the wind turbine.  

 

Phase VI – Commissioning, Demobilization, and Closeout: 

After the turbine is installed and utilities connected, commissioning of the MEP and turbine 

work will occur. Once the commissioning processes are completed, demobilization of the 
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onshore port site begins. This involves removing the temporary facilities, fencing, road 

barriers, traffic signage, and equipment. During this phase, closeout documentation will also 

be collected for the final Turn Over Package (TOP) to be submitted to the project owners. 

Lastly, a Lessons Learned Session will be conducted among the project team and the project 

deemed complete.  

  

Construction Safety Plan: 

The construction industry has among the highest risk rates for worksite injuries and fatalities 

due to the potential site hazards that surround industry workers daily. As such, public and site-

specific safety must be prioritized. The risk associated with these hazards can be alleviated 

through WWES and its contractors creating Site-Specific Safety Plans (SSSP) prior to stepping 

foot on site. The SSSP involves identifying site-specific hazards along with implementing 

safety measures for mitigating them.  

 

All construction work performed on the project sites will be in accordance OSHA safety 

regulations in addition to complying with the following safety management program: 

 

1. General Safety Management Plan – This will be a summary of the general methods all 

on-site personnel must implement and enforce to ensure safety on site. This plan 

includes general rules of conduct, required personal protection equipment (PPE), and 

an emergency action plan in the event of an accident. Failure to comply will result in 

disciplinary action.  

 

2. Subcontractor Supplies Site-Specific Safety Plan (SSSP) – All subcontractors will be 

mandated to provide a Site-Specific Safety Plan for their respective trades prior to 

setting foot on site. These SSSP will then be reviewed by the General Contractor’s 
Safety Lead for approval. Failure to provide this documentation in a timely manner may 

result in loss of job and back charges should it result in project delays.  

 

3. Chain of Command – This will be a defined authority structure which allows for a clear 

understanding of roles, responsibilities, communication line, and hierarchical 

importance for notification in the event of an emergency or accident.   

 

4. Pre-Task Planning – All subcontractors will be required to implement pre-task safety 

plans. These will require subcontractors to analyze their scope of work from a safety 

standpoint prior to performance and identify the work sequences, hazard trainings, 

controls, and emergency action plans required to protect all site personnel.  

 

5. Housekeeping – All site personnel will practice good housekeeping to eliminate hazards 

such as trash, debris, and accident hazards. Trash and debris will be collected and 

placed in dumpsters at the end of each day. Objects will be removed from paths of 
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travel and objects that could result in tripping, impalement, or other hazards must be 

capped, flagged, and labeled accordingly. 

 

6. Accountability – All project personnel are responsible for providing and upkeeping a 

safe and health work environment. As such, the project will uphold a “see something 
say something” policy.  

 

Quality Control and Quality Assurance: 

All design work will be verified for compliance with the applicable structural and geotechnical 

codes for offshore wind turbine design prior to construction. All construction work will comply 

with OSHA, AASHTO, and BOEM requirements and be verified for adherence with the final 

construction drawings. Should substandard construction work or delivered equipment be 

identified, back orders will be issued at the subcontractor at fault’s expense. Additionally, all 

subcontractors will be required to submit a Quality Management Plan which will be reviewed 

and approved by the General Contractor’s Senior Project Manager. Furthermore, 

subcontractors must adhere to the inspection schedule per their contractual obligations to 

ensure quality control, quality assurance, and compliance with local, state, and federal 

ordinances. Finally, prior to project commissioning and closeout, all subcontractors must 

provide a completed and signed Quality Control Punch List to verify that their scope of work 

has been completed per contract and applicable code standards.  

 

SUSTAINABILITY INDEX 

 

 

 

 

 

 

 

 

 

 

People 
Offshore wind is a rapidly growing industry on the central coast, creating new jobs. Our offshore 

wind turbines will benefit people because the renewable energy harnessed through them will 

reduce pollutants in our water sources and air supply and preserve our current fossil fuel supply. 

The rise in childhood and adult asthma cases has been linked to poor indoor air quality as a result 

from increased natural gas use in homes and off-gassing construction materials. Using renewable 
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electricity energy from wind turbines can increase indoor air quality by eliminating the use of 

natural gas as an energy source in homes, therefore decreasing the risk of air quality related 

illnesses. In relation to public opinion, offshore wind farms that are constructed within view of the 

coast may be unpopular to residents because of aesthetics and property values. However, offshore 

farms still have less of a visual impact than onshore wind farms. 

Planet 
There are various environmental advantages attributed to the FOWT project. Offshore wind 

turbines provide a clean renewable source of energy that can provide power to the high energy 

demands of dense coastal communities while reducing CO2 emissions (Hutchins, 2020). Offshore 

wind has the benefit of the presence of more frequent and stronger winds, yielding larger energy 

production as compared to onshore wind farms. Wind turbines also do not require fuel to operate 

and limiting the burning of fossil fuels will aid in slowing down climate change and protect more of 

the earth’s natural resources and ecosystems from further harm. Additionally, while the effects of 
offshore wind turbines to marine and avian life are not fully understood and potentially harmful, 

the use of a floating turbine foundation as opposed to monopile, or jacket foundation is more 

environmentally friendly to subseafloor and seabed species. This is because the embedded suction 

caissons are relatively non-disruptive to the seafloor in terms of displacing subsurface organisms 

and sediment displacement during and after installation (BOEM, 2020). Furthermore, it is unlikely 

that the turbine and boats installing the turbines will introduce foreign invasive species to the 

offshore site due to its proximity to the Port of Hueneme.  

Price 
The proposed floating offshore wind turbine has a high upfront price tag due to its scale and 

magnitude. A FOWT requires large and complex infrastructure and therefore is more expensive 

and difficult to construct than onshore wind farms. In addition, the wind farm is difficult to access 

but needs more maintenance due to damaging winds and sea waves. However, the U.S. 

government has pledged federal aid to states in support of offshore farms to hit green energy 

goals in the future. In the long run, as the supply of fossil fuel resources is depleted and the demand 

for energy increases, the price of oil will increase. Wind, on the other hand, is a constant natural 

source of energy on earth, so the supply of wind energy will at a minimum stay the same and will 

increase as we become more adept at harnessing its energy to meet demand.  
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DESCRIPTION QTY UNIT UNIT COST TOTAL INFLATION ADJUSTMENT

PRECONSTRUCTION

SITE ASSESSMENT SECTION SUBTOTAL $772,079.07

Environmental Impact Assessments Surveys Impact assessments, benthic fish and shellfish, ornithological, marine mamammal, etc, per 14 M 1.00 EA $204,520.68 $204,520.68 $252,859.00

Resource and Metocean Assessment Structure, sensors, maintenance, per 14 MW Turbine 1.00 EA $12,173.56 $12,173.56 $15,050.77

Geological and Hydrological Surveys Geophysical, geotechnical, hydrographic surveys, per 14 MW Turbine 1.00 EA $204,520.68 $204,520.68 $252,859.00

Site Survey (Port) Topographical, conventional, avg 42.39 Acre $1,637.09 $69,400.08 $92,373.01

Boundary Survey Markers (Port) Lot Location and lines, avg 42.39 Acre $1,095.49 $46,440.39 $61,813.16

Subsurface Drilling & Sampling Borings, drawings, report & recommendations, mobilization & demobilization 32.00 EA $2,280.30 $72,969.60 $97,124.11

DEMOLITION SECTION SUBTOTAL $155,142.88

Building Demolition Single-story buildings, no salvage included, wood 349,604.31 CF $0.26 $90,897.12 $120,986.03

Pavement Removal Pavement Removal, bituminous roads, 3" thick 1,200.57 SY $4.04 $4,850.32 $6,455.88

Curb Removal curbs, concrete, plain 5,862.48 LF $3.55 $20,811.81 $27,700.97

ROAD RE-ROUTING SECTION SUBTOTAL $1,892,593.56

Striping Acrylic waterborne, white or yellow, 4" wide 2,931.24 LF $0.32 $938.00 $1,159.69

Asphalt Pavement Fill Asphalt pavement, 3" 349,604.31 SF $5.00 $1,748,021.55 $1,890,060.14

Traffic Directional Signage 24"x24" stock signs, reflectorized, steel post 10' 8.00 EA $138.89 $1,111.12 $1,373.73

PHASE SUBTOTAL $2,819,815.51

PORT SITE CONSTRUCTION

TEMPORARY CONSTRUCTION  SECTION SUBTOTAL $54,834,199.07

Port Marshaling Port Marshaling, 18-24 months construction 1.00 EA $50,000,000.00 $50,000,000.00 $54,062,838.57

Temporary Sound Barriers Noise Barrier, 50' high 276,208.80 SF $34.00 $187,821.98 $249,995.12

Temporary Construction Fencing Chain link, 6' high, 11 ga. 5,524.18 LF $7.13 $39,387.37 $52,425.45

Temporary Road Barriers Highway Jersey Barrier, Portable, 60"x21" 1,172.50 EA $399.95 $468,939.93 $468,939.93

PREFABRICATED BUILDINGS SECTION SUBTOTAL $3,305,453.12

Storage Warehouse Modular warehouse 59,997.98 SF $55.00 $3,299,888.82 $3,299,888.82

Jobsite Trailer Trailer, furnished, 32'x8', buy 1.00 EA $1,025.00 $1,025.00 $1,364.30

Restrooms Standard Porta-Potty, buy 6.00 EA $700.00 $4,200.00 $4,200.00

TURBINE COMPONENTS PROCUREMENT SECTION SUBTOTAL $23,172,226.45

Nacelle PART SUBTOTAL $6,976,439.13

Bedplate Bedplate, per 14 MW Turbine 1.00 EA $336,882.00 $336,882.00 $416,503.83

Main bearing Main bearing, per 14 MW Turbine 1.00 EA $336,882.00 $336,882.00 $416,503.83

Main shaft Main shaft, per 14 MW Turbine 1.00 EA $336,882.00 $336,882.00 $416,503.83

Gearbox Gearboxm per 14 MW Turbine 1.00 EA $1,179,087.00 $1,179,087.00 $1,457,763.40

Generator Generator, per 14 MW Turbine 1.00 EA $1,684,410.00 $1,684,410.00 $2,082,519.14

Power take-off Power take-off, per 14 MW Turbine 1.00 EA $117,908.70 $117,908.70 $145,776.34

Control System Control Systemm, per 14 MW Turbine 1.00 EA $421,102.50 $421,102.50 $520,629.79

Yaw system Yaw system, per 14 MW Turbine 1.00 EA $286,349.70 $286,349.70 $354,028.25

Yaw bearing Yaw bearing, per 14 MW Turbine 1.00 EA $117,908.70 $117,908.70 $145,776.34

Nacelle auxiliary systems Nacelle auxiliary systems, per 14 MW Turbine 1.00 EA $117,908.70 $117,908.70 $145,776.34

Nacelle cover Nacelle cover, per 14 MW Turbine 1.00 EA $168,441.00 $168,441.00 $208,251.91

Small engineering componenets Small engineering componenets, per 14 MW Turbine 1.00 EA $421,102.50 $421,102.50 $520,629.79

Structural fasteners Structural fasteners, per 14 MW Turbine 1.00 EA $117,908.70 $117,908.70 $145,776.34

Rotor PART SUBTOTAL $4,081,737.52

Blades Blades, per 14 MW Turbine 1.00 EA $2,189,733.00 $2,189,733.00 $2,707,274.89

Hub casting Hub casting, per 14 MW Turbine 1.00 EA $252,661.50 $252,661.50 $312,377.87

Blade bearings Blade bearings, per 14 MW Turbine 1.00 EA $336,882.00 $336,882.00 $416,503.83

Pitch system Pitch system, per 14 MW Turbine 1.00 EA $168,441.00 $168,441.00 $208,251.91

Spinner Spinner, per 14 MW Turbine 1.00 EA $33,688.20 $33,688.20 $41,650.38

Rotor auxiliary systems Rotor auxiliary systems, per 14 MW Turbine 1.00 EA $67,376.40 $67,376.40 $83,300.77

Fabricated steel components Fabricated steel components, per 14 MW Turbine 1.00 EA $134,752.80 $134,752.80 $166,601.53

Structural Fasteners Structural Fasteners, per 14 MW Turbine 1.00 EA $117,908.70 $117,908.70 $145,776.34

Tower PART SUBTOTAL $2,195,025.32

Steel Steel - S355, 2550 tons/turbine 1.00 EA $1,657,500.00 $1,657,500.00 $2,049,248.98

Tower internals Tower internals, per 14 MW Turbine 1.00 EA $117,908.70 $117,908.70 $145,776.34

Spar Buoy PART SUBTOTAL $4,823,369.57

Steel Steel - S355, 2900 tons/turbine 1.00 EA $1,885,000.00 $1,885,000.00 $2,330,518.45

Magnetite Ballast Magnetite Ballast, 12220 tons/turbine 1.00 EA $2,016,300.00 $2,016,300.00 $2,492,851.12

Turbine Foundation PART SUBTOTAL $4,625,974.90

Transition Piece Transition Piece, per 14 MW Turbine 1.00 EA $1,704,339.00 $1,704,339.00 $2,107,158.35

Corrosion Protection Corrosion Protection, per 14 MW Turbine 1.00 EA $340,867.80 $340,867.80 $421,431.67

Scour Protection Scour Protection, per 14 MW Turbine 1.00 EA $1,696,433.90 $1,696,433.90 $2,097,384.88

Embedded Suction Caisson PART SUBTOTAL $469,680.00

Suction Caisson (1) 6mx15m suction caisson, per 14 MW Turbine 1.00 EA $469,680.00 $469,680.00 $469,680.00

SECTION SUBTOTAL $15,420,000.00

Blade Transport Blade transport from Europe to Port Site, incl. racks 3.00 EA $870,000.00 $2,610,000.00 $2,610,000.00

Nacelle Transport Nacelle transport from Europe to Port Site, incl. transport frames 1.00 EA $5,350,000.00 $5,350,000.00 $5,350,000.00

Tower Transport Tower transport from Europe to Port Site, incl. cradles 1.00 EA $3,150,000.00 $3,150,000.00 $3,150,000.00

Spar Buoy Transport Spar Buoy transport from Europe to Port Site, incl. transport frames 1.00 EA $2,870,000.00 $2,870,000.00 $2,870,000.00

Transition Piece Transport Transition piece transport from Europe to Port Site, incl. transport frames 1.00 EA $1,440,000.00 $1,440,000.00 $1,440,000.00

SECTION SUBTOTAL $50,546,312.39

On-Shore Cranes Liebherr LR 11350 4.00 EA $10,830,540.00 $43,322,160.00 $43,322,160.00

Boom Lift Snorkel 2100SJ 6.00 MONTH $9,969.00 $59,814.00 $59,814.00

Assembly Assembly labor, wind turbine supplier aspects of installation, commissioning, per 14 MW Turbine 1.00 EA $5,794,752.60 $5,794,752.60 $7,164,338.39

PHASE SUBTOTAL $147,278,191.03
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OFF-SHORE SITE CONSTRUCTION

SECTION SUBTOTAL $3,859,925.93

Offshore Heavy Lift Crane Svanen Heavy Lift Vessel, >100m water depth, 8700 ton capacity, 5 days 1.00 EA $3,111,680.00 $3,111,680.00 $3,802,925.93

Tug boats Pull capacity: 60 tons 3.00 Day $19,000.00 $57,000.00 $57,000.00

INSTALLATION SECTION SUBTOTAL $3,188,457.52

Turbine Installation Turbine Installation at Off-Shore Wind Farm Location, per 14 MW Turbine 1.00 EA $852,169.50 $852,169.50 $1,053,579.17

Foundation Installation Foundation Installation at Off-Shore Wind Farm Location, per 14 MW Turbine 1.00 EA $1,704,339.00 $1,704,339.00 $2,107,158.35

Embedded Suction Caisson Install Medium AHV (150 ton pulling capacity), 1.26 days for install per turbine 1.00 EA $27,720.00 $27,720.00 $27,720.00

PHASE SUBTOTAL $7,048,383.46

UTILITIES

CABLES SECTION SUBTOTAL $3,518,954.36

Utility Cables Export cable, array cable, cable protection, per 14 MW Turbine 1.00 EA $2,846,246.06 $2,846,246.06 $3,518,954.36

SUBSTATIONS SECTION SUBTOTAL $4,593,605.03

Offshore Substation Installation, electrical System, facilities, structure, per 14 MW Turbine 1.00 EA $2,726,942.26 $2,726,942.26 $3,371,453.19

Onshore Substation Construction, buildings, access and security, electrical equipment and systems, per 14 MW Turbi 1.00 EA $937,386.52 $937,386.52 $1,158,937.18

Operations Base Operations, per 14 MW Turbine 1.00 EA $51,130.10 $51,130.10 $63,214.66

INSTALLATION SECTION SUBTOTAL $4,585,326.19

Utility trenching Offshore cable burial, per 14 MW Turbine 1.00 EA $340,867.80 $340,867.80 $421,431.67

Onshore Cable Installation Onshore export cable installation, per 14 MW Turbine 1.00 EA $85,216.88 $85,216.88 $105,357.83

Offshore Cable Installation Offshore cable pull-in, electrical testing and termination, cable-laying vessel, survey works, route 1.00 EA $3,282,678.00 $3,282,678.00 $4,058,536.69

PHASE SUBTOTAL $12,697,885.57

HARD COSTS SUBTOTAL $169,844,275.57

PERCENTAGE TOTAL LINE ITEM PERCENTAGE TOTAL

GC Overhead 12.00% $20,381,313.07 GC Overhead 12.00% $20,381,313.07

GC Profit 3.00% $5,095,328.27 GC Profit 3.00% $5,095,328.27

Regulatory Fees & Permits 8.00% $13,587,542.05 Regulatory Fees & Permits 8.00% $13,587,542.05

Bonds & Insurance 1.50% $2,547,664.13 Bonds & Insurance 1.50% $2,547,664.13

Taxes 8.00% $13,587,542.05 Taxes 8.00% $13,587,542.05

Contingency 20.00% $33,968,855.11 Contingency 40.00% $67,937,710.23

SOFT COSTS SUBTOTAL $89,168,244.67 SOFT COSTS SUBTOTAL $123,137,099.79

TOTAL PROJECT COST $259,012,520.24 TOTAL PROJECT COST $292,981,375.35

REFERENCES

*Catapult Offshore Renewable Energy <https://guidetoanoffshorewindfarm.com/wind-farm-costs>

**RSMeans 2011 Cost Data

***U.S. Department of Transportation, Federal Highway Administration <https://www.fhwa.dot.gov/Environment/noise/noise_barriers/inventory/summary/stable712.cfm>

****Seton <https://www.seton.com/portable-traffic-barrier-

sp322.html?utm_campaign=%5BNB%5D_TC_Catch+All_PLA-

S_High_All_PC-

04_GGL_SUS&utm_source=google&utm_medium=cpc&utm_term=*****Green Building Elements <https://greenbuildingelements.com/modular-buildings/warehouses/>

******FusionSite <https://fusionsiteservices.com/how-much-do-

porta-potties-for-construction-sites-

*******45th Annual Deep Foundations Conference <https://www.researchgate.net/publication/345682287_COST_ANALYSIS_OF_MULTILINE_RING_ANCHOR_SYSTEMS_FOR_OFFSHORE_WIND_FARM>

********Lectura Specs <https://www.lectura-specs.com/en/model/cranes/crawler-cranes-lattice-boom-liebherr/lr-11350-1049556#reviews>

*********Fork Lift America <https://www.forkliftamerica.com/product/snorkel-2100sj-rough-terrain-mega-telescopic-boom-lift-210-work-height-w-jib/>

**********DECOMTOOLS <https://northsearegion.eu/media/19936/cost-modelling_final_2022.pdf>

***********Energy Policy <https://offshorewindhub.org/sites/default/files/resources/Marshaling%20ports%20requred%20to%20meet%20US%20policy%20targets%20for%20offshore%20power.pdf>

************HomeServe <https://www.homeserve.com/en-us/blog/cost-guide/asphalt-driveway-installation/>

*************NREL <https://www.nrel.gov/docs/fy23osti/84710.pdf>

https://www.renews.biz/69701/new-feeder-vessel-design-launches/

https://www.windustry.org/community_wind_toolbox_8_costs#:~:text=The%20cost%20range%20is%20%2440%2C000,the%20rental%20of%20a%20crane

LINE ITEM

TRANSPORT

Catapult*

Deep Foundations Conference*******

Catapult*

SOFT COSTS (40% Contingency)SOFT COSTS (20% Contingency)

DECOMTOOLS**********

Deep Foundations Conference*******

Catapult*

Catapult*

Catapult*

Catapult*

Catapult*

Catapult*

Catapult*
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APPENDIX E:

DESIGN SCHEDULES



Activity ID Activity Name Original
Duration

Start Finish Total Float

OSW  Offshore Wind Design ScheduleOSW  Offshore Wind Design Schedule 120m 0.20w 03-Jul-23 23-May-33 0m

OSW.1  PreconstructionOSW.1  Preconstruction 120m 0.20w 03-Jul-23 23-May-33 0m

OSW.1.1  PermittingOSW.1.1  Permitting 120m 0.20w 03-Jul-23 23-May-33 0m
PER1000 BOEM - NEPA Planning and Analysis 24m 03-Jul-23 23-Jun-25 0m
PER1010 BOEM - Lease Issuance 12m 24-Jun-25 18-Jun-26 0m
PER1020 BOEM - NEPA  Approval of Site Assessment Plan 24m 19-Jun-26 09-Jun-28 0m
PER1030 BOEM - NEPA  Approval of Construction & Operations Plan 24m 02-Jun-31 23-May-33 0m

OSW.1.2  Site AssessmentOSW.1.2  Site Assessment 36m 0.20w 12-Jun-28 30-May-31 0m
SA1000 Environmental Impact Assessment Surveys 16m 12-Jun-28 04-Oct-29 0m
SA1010 Resource and Metocean Assessment 8m 05-Oct-29 03-Jun-30 8m
SA1020 Geological and Hydrological Surveys 16m 05-Oct-29 29-Jan-31 0m
SA1030 Subsurface Drilling & Sampling (Offshore Site) 3m 30-Jan-31 30-Apr-31 0m
SA1040 Site Survey (Port Site) 1m 30-Apr-31 29-May-31 0m
SA1050 Boundary Survey Markers (Port Site) 0m 0.20w 30-May-31 30-May-31 0m

OSW.1.3  Final Design & BuyoutOSW.1.3  Final Design & Buyout 0m 23-May-33 23-May-33 0m
FD1000 Final Design Completion 0m 23-May-33 0m

OSW.2  Mobilization 1 - Port SiteOSW.2  Mobilization 1 - Port Site 0m 0m

OSW.3  Demolition - Port SiteOSW.3  Demolition - Port Site 0m 0m

OSW.4  Site Work - Port SiteOSW.4  Site Work - Port Site 0m 0m

OSW.4.1  Traffic ControlOSW.4.1  Traffic Control 0m 0m

OSW.4.2  Prefabricated BuildingsOSW.4.2  Prefabricated Buildings 0m 0m

OSW.5  ProcurementOSW.5  Procurement 0m 0m

OSW.5.1  Onshore EquipmentOSW.5.1  Onshore Equipment 0m 0m

OSW.5.2  Turbine ComponentsOSW.5.2  Turbine Components 0m 0m

OSW.5.3  Anchor ComponentsOSW.5.3  Anchor Components 0m 0m

OSW.5.4  Offshore EquipmentOSW.5.4  Offshore Equipment 0m 0m

OSW.6  AssemblyOSW.6  Assembly 0m 0m

OSW.12  Mobilization 2 - Offshore SiteOSW.12  Mobilization 2 - Offshore Site 0m 0m

OSW.7  InstallationOSW.7  Installation 0m 0m

OSW.7.1  Utility Lines InstallationOSW.7.1  Utility Lines Installation 0m 0m

OSW.7.2  Anchor InstallationOSW.7.2  Anchor Installation 0m 0m

OSW.7.3  Turbine InstallationOSW.7.3  Turbine Installation 0m 0m

OSW.8  Utility ConnectionsOSW.8  Utility Connections 0m 0m

OSW.8.1  Mechanical EquipmentOSW.8.1  Mechanical Equipment 0m 0m

OSW.8.2  Electrical UtilitiesOSW.8.2  Electrical Utilities 0m 0m

OSW.8.3  Power UtilitiesOSW.8.3  Power Utilities 0m 0m

OSW.9  CommissioningOSW.9  Commissioning 0m 0m

OSW.10  DemobilizationOSW.10  Demobilization 0m 0m

OSW.11  CloseoutOSW.11  Closeout 0m 0m

Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1
2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036

23-May-33, OSW  Offshore Wind Design Schedule

23-May-33, OSW.1  Preconstruction

23-May-33, OSW.1.1  Permitting
BOEM - NEPA Planning and Analysis

BOEM - Lease Issuance
BOEM - NEPA  Approval of Site Assessment Plan

BOEM - NEPA  Approval of Construction & Operations Plan
30-May-31, OSW.1.2  Site Assessment

Environmental Impact Assessment Surveys
Resource and Metocean Assessment

Geological and Hydrological Surveys
Subsurface Drilling & Sampling (Offshore Site)

Site Survey (Port Site)
Boundary Survey Markers (Port Site)

23-May-33, OSW.1.3  Final Design & Buyout
Final Design Completion, 

Offshore Wind Design Schedule Permitting Schedule May 22, 2023

Actual Level of Effort
Actual Work

Remaining Work
Critical Remaining ...
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Activity ID Activity Name Original
Duration

Start Finish Total Float

OSW  Offshore Wind Design ScheduleOSW  Offshore Wind Design Schedule 17m 3.10w 24-May-33 07-Nov-34 0m

OSW.1  PreconstructionOSW.1  Preconstruction 0m 0m

OSW.1.1  PermittingOSW.1.1  Permitting 0m 0m

OSW.1.2  Site AssessmentOSW.1.2  Site Assessment 0m 0m

OSW.1.3  Final Design & BuyoutOSW.1.3  Final Design & Buyout 0m 0m

OSW.2  Mobilization 1 - Port SiteOSW.2  Mobilization 1 - Port Site 1m 0.10w 24-May-33 22-Jun-33 8m 3.80w

MO1000 Install Temporary Road Barriers 0m 0.40w 24-May-33 25-May-33 8m 3.80w
MO1010 Install Temporary Construction Fencing 0m 2.00w 26-May-33 08-Jun-33 8m 3.80w
MO1020 Establish Traffic Controls & Signage 0m 0.40w 09-Jun-33 10-Jun-33 9m 0.10w
MO1030 Establish Temporary Parking Areas 0m 0.20w 09-Jun-33 09-Jun-33 9m 0.30w
MO1040 Install Temporary Job Site Trailer & Restrooms 0m 1.00w 09-Jun-33 15-Jun-33 8m 3.80w
MO1050 Install Temporary Sound Barriers 0m 1.00w 16-Jun-33 22-Jun-33 8m 3.80w
MO1060 Mobilization 1 Complete 0m 22-Jun-33 8m 3.80w

OSW.3  Demolition - Port SiteOSW.3  Demolition - Port Site 0m 3.40w 23-Jun-33 15-Jul-33 8m 3.80w

DE1000 Building Demolition 0m 3.00w 23-Jun-33 13-Jul-33 8m 3.80w
DE1010 Pavement Removal 0m 0.20w 14-Jul-33 14-Jul-33 8m 3.80w
DE1020 Curb Removal 0m 0.20w 15-Jul-33 15-Jul-33 8m 3.80w

OSW.4  Site Work - Port SiteOSW.4  Site Work - Port Site 1m 1.30w 18-Jul-33 24-Aug-33 8m 3.80w

OSW.4.1  Traffic ControlOSW.4.1  Traffic Control 0m 2.60w 18-Jul-33 03-Aug-33 8m 3.80w
SW1000 Fill in Pavement Where Buildings Demoed 0m 1.00w 18-Jul-33 22-Jul-33 8m 3.80w
SW1010 Install Temporary Road Barriers for Traffic Rerouting 0m 1.00w 25-Jul-33 29-Jul-33 8m 3.80w
SW1020 Install Temporary Traffic Signage 0m 0.40w 01-Aug-33 02-Aug-33 8m 3.80w
SW1030 Paint Roadway Striping 0m 0.20w 03-Aug-33 03-Aug-33 8m 3.80w

OSW.4.2  Prefabricated BuildingsOSW.4.2  Prefabricated Buildings 0m 3.00w 04-Aug-33 24-Aug-33 8m 3.80w
PB2000 Install Storage Warehouse 0m 3.00w 04-Aug-33 24-Aug-33 8m 3.80w

OSW.5  ProcurementOSW.5  Procurement 12m 24-May-33 18-May-34 0m

OSW.5.1  Onshore EquipmentOSW.5.1  Onshore Equipment 1m 24-May-33 22-Jun-33 11m
EQ1000 Procure On-Shore Cranes 1m 24-May-33 22-Jun-33 11m
EQ1010 Procure On-Shore Lifts 1m 24-May-33 22-Jun-33 11m
EQ1020 Procure Misc. On-Shore Equipment & Tools 1m 24-May-33 22-Jun-33 11m

OSW.5.2  Turbine ComponentsOSW.5.2  Turbine Components 12m 24-May-33 18-May-34 0m
TC1000 Procure Tower 12m 24-May-33 18-May-34 0m
TC1010 Procure Nacelle 12m 24-May-33 18-May-34 0m
TC1020 Procure Blades 12m 24-May-33 18-May-34 0m
TC1030 Procure Spar Buoy 12m 24-May-33 18-May-34 0m
TC1040 Procure Turbine Foundation 12m 24-May-33 18-May-34 0m

OSW.5.3  Anchor ComponentsOSW.5.3  Anchor Components 12m 24-May-33 18-May-34 0m
AC1000 Procure Suction Caisson 12m 24-May-33 18-May-34 0m
AC1010 Procure Mooring Line Tether 4m 24-May-33 20-Sep-33 8m

OSW.5.4  Offshore EquipmentOSW.5.4  Offshore Equipment 12m 24-May-33 18-May-34 0m
EQ2000 Procure Offshore Heavy Lift Crane 12m 24-May-33 18-May-34 0m
EQ2010 Procure Suction Caisson Installation Equipment 6m 24-May-33 18-Nov-33 6m
EQ2020 Procure Tugboats 4m 24-May-33 20-Sep-33 8m

OSW.6  AssemblyOSW.6  Assembly 1m 1.00w 19-May-34 26-Jun-34 0m

A1000 Assemble Turbine Components (at Port Site) 1m 19-May-34 19-Jun-34 0m
A1010 Commission Port Assembled Turbine 0m 1.00w 19-Jun-34 26-Jun-34 0m

OSW.12  Mobilization 2 - Offshore SiteOSW.12  Mobilization 2 - Offshore Site 0m 3.80w 26-Jun-34 21-Jul-34 0m

MO2000 Trench for UItility Lines 0m 2.00w 26-Jun-34 10-Jul-34 0m
MO2010 Transport Suction Caissons from Port to Offshore Site 0m 0.80w 10-Jul-34 14-Jul-34 0m
MO2020 Transport Turbine from Port to Offshore Site 0m 0.80w 14-Jul-34 20-Jul-34 0m 0.20w
MO2030 Transport Ballast Fill Material 0m 1.00w 14-Jul-34 21-Jul-34 0m

OSW.7  InstallationOSW.7  Installation 0m 3.60w 10-Jul-34 03-Aug-34 0m 0.60w

OSW.7.1  Utility Lines InstallationOSW.7.1  Utility Lines Installation 0m 3.00w 10-Jul-34 31-Jul-34 0m 1.20w
IN1000 Install Utility Lines 0m 1.00w 10-Jul-34 17-Jul-34 0m 1.20w
IN1010 Backfill for Utility Lines 0m 1.00w 24-Jul-34 31-Jul-34 0m 1.20w

OSW.7.2  Anchor InstallationOSW.7.2  Anchor Installation 0m 0.60w 21-Jul-34 26-Jul-34 0m
IN1020 Install Suction Caisson 0m 0.40w 21-Jul-34 25-Jul-34 0m
IN1050 Connect Suction Caisson to Mooring Line 0m 0.20w 25-Jul-34 26-Jul-34 0m

OSW.7.3  Turbine InstallationOSW.7.3  Turbine Installation 0m 1.20w 26-Jul-34 03-Aug-34 0m
IN1030 Install Turbine 0m 1.00w 26-Jul-34 02-Aug-34 0m
IN1040 Connect Turbine to Mooring Line 0m 0.20w 02-Aug-34 03-Aug-34 0m

OSW.8  Utility ConnectionsOSW.8  Utility Connections 0m 2.00w 31-Jul-34 14-Aug-34 0m

OSW.8.1  Mechanical EquipmentOSW.8.1  Mechanical Equipment 0m 1.00w 03-Aug-34 10-Aug-34 0m
ME1000 Install Mechanical Equipment 0m 1.00w 03-Aug-34 10-Aug-34 0m

OSW.8.2  Electrical UtilitiesOSW.8.2  Electrical Utilities 0m 0.40w 31-Jul-34 02-Aug-34 0m 1.20w
E1000 Connect Electrical Utility Lines to Turbine and Substations 0m 0.40w 31-Jul-34 02-Aug-34 0m 1.20w

OSW.8.3  Power UtilitiesOSW.8.3  Power Utilities 0m 0.40w 10-Aug-34 14-Aug-34 0m
P1000 Connect Power Utility Lines to Turbine and Substations 0m 0.40w 10-Aug-34 14-Aug-34 0m

OSW.9  CommissioningOSW.9  Commissioning 1m 0.70w 14-Aug-34 18-Sep-34 0m

COM1000 Commission Turbine Installations 0m 2.00w 14-Aug-34 28-Aug-34 0m
COM1010 Commission Electrical Work 0m 1.00w 28-Aug-34 04-Sep-34 0m
COM1020 Commission Power Work 0m 1.00w 04-Sep-34 11-Sep-34 0m
COM1030 Commission Mechanical Work 0m 1.00w 11-Sep-34 18-Sep-34 0m

OSW.10  DemobilizationOSW.10  Demobilization 0m 2.80w 18-Sep-34 06-Oct-34 0m

DMO1000 Remove Temporary Facilities 0m 1.00w 18-Sep-34 25-Sep-34 0m
DMO1010 Remove Temporary Fencing, Sound Proofing & Road Barriers 0m 1.00w 25-Sep-34 02-Oct-34 0m
DMO1020 Remove Temporary Traffic Signage 0m 0.40w 02-Oct-34 04-Oct-34 0m
DMO1030 Return Rented Offshore an Onshore Equipment 0m 0.40w 04-Oct-34 06-Oct-34 0m

OSW.11  CloseoutOSW.11  Closeout 1m 0.20w 06-Oct-34 07-Nov-34 0m

CL1000 Prepare & Submit Final Turn Over Package Documentation 1m 06-Oct-34 06-Nov-34 0m
CL1010 Conduct Lessons Learned Session 0m 0.20w 07-Nov-34 07-Nov-34 0m
CL1020 Project is Complete 0m 07-Nov-34 0m

15 22 29 05 12 19 26 03 10 17 24 31 07 14 21 28 04 11 18 25 02 09 16 23 30 06 13 20 27 04 11 18 25 01 08 15 22 29 05 12 19 26 05 12 19 26 02 09 16 23 30 07 14 21 28 04 11 18 25 02 09 16 23 30 06 13 20 27 03 10 17 24 01 08 15 22 29 05 12 19 26 03 10 17 24
May June July August September October November December January February March April May June July August September October November December

2033 2034

07-Nov-34, OSW  Offshore Wind Design Schedule

22-Jun-33, OSW.2  Mobilization 1 - Port Site

Install Temporary Road Barriers
Install Temporary Construction Fencing

Establish Traffic Controls & Signage
Establish Temporary Parking Areas

Install Temporary Job Site Trailer & Restrooms
Install Temporary Sound Barriers
Mobilization 1 Complete, 

15-Jul-33, OSW.3  Demolition - Port Site

Building Demolition
Pavement Removal
Curb Removal

24-Aug-33, OSW.4  Site Work - Port Site

03-Aug-33, OSW.4.1  Traffic Control
Fill in Pavement Where Buildings Demoed

Install Temporary Road Barriers for Traffic Rerouting
Install Temporary Traffic Signage
Paint Roadway Striping

24-Aug-33, OSW.4.2  Prefabricated Buildings
Install Storage Warehouse

18-May-34, OSW.5  Procurement

22-Jun-33, OSW.5.1  Onshore Equipment
Procure On-Shore Cranes
Procure On-Shore Lifts
Procure Misc. On-Shore Equipment & Tools

18-May-34, OSW.5.2  Turbine Components
Procure Tower
Procure Nacelle
Procure Blades
Procure Spar Buoy
Procure Turbine Foundation
18-May-34, OSW.5.3  Anchor Components
Procure Suction Caisson

Procure Mooring Line Tether
18-May-34, OSW.5.4  Offshore Equipment
Procure Offshore Heavy Lift Crane

Procure Suction Caisson Installation Equipment
Procure Tugboats

26-Jun-34, OSW.6  Assembly

Assemble Turbine Components (at Port Site)
Commission Port Assembled Turbine

21-Jul-34, OSW.12  Mobilization 2 - Offshore Site

Trench for UItility Lines
Transport Suction Caissons from Port to Offshore Site

Transport Turbine from Port to Offshore Site
Transport Ballast Fill Material

03-Aug-34, OSW.7  Installation

31-Jul-34, OSW.7.1  Utility L ines Installation
Install Utility Lines

Backfill for Utility Lines
26-Jul-34, OSW.7.2  Anchor Installation

Install Suction Caisson
Connect Suction Caisson to Mooring Line

03-Aug-34, OSW.7.3  Turbine Installation
Install Turbine
Connect Turbine to Mooring Line

14-Aug-34, OSW.8  Uti lity Connections

10-Aug-34, OSW.8.1  Mechanical Equipment
Install Mechanical Equipment

02-Aug-34, OSW.8.2  Electrical Utilities
Connect Electrical Utility Lines to Turbine and Substations

14-Aug-34, OSW.8.3  Power Utilities
Connect Power Utility Lines to Turbine and Substa tions

18-Sep-34, OSW.9  Commissioning

Commission Turbine Installations
Commission Electrical Work

Commission Power Work
Commission Mechanical Work

06-Oct-34, OSW.10  Demobilization

Remove Temporary Facilities
Remove Temporary Fencing, Sound Proofing & Road Barriers

Remove Temporary Traffic Signage
Return Rented Offshore an Onshore Equipment

07-Nov-34, OSW.11  C loseout

Prepare & Submit Final Turn Over Package Documentation
Conduct Lessons Learned Session
Project is Complete, 

Offshore Wind Design Schedule Construction Schedule May 22, 2023

Actual Level of Effort
Actual Work

Remaining Work
Critical Remaining ...
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