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Notice 

This report was prepared by Crowley Engineering Services in the course of performing work contracted for 

and sponsored by the New York State Energy Research and Development Authority and The National 

Offshore Wind Research and Development Consortium (NOWRDC) (hereafter the "Sponsors"). The 

opinions expressed in this report do not necessarily reflect those of the Sponsors or the State of New York, 

and reference to any specific product, service, process, or method does not constitute an implied or 

expressed recommendation or endorsement of it. Further, the Sponsors, the State of New York, and the 

contractor make no warranties or representations, expressed or implied, as to the fitness for particular 

purpose or merchantability of any product, apparatus, or service, or the usefulness, completeness, or 

accuracy of any processes, methods, or other information contained, described, disclosed, or referred to in 

this report. The Sponsors, the State of New York, and the contractor make no representation that the use of 

any product, apparatus, process, method, or other information will not infringe privately owned rights and 

will assume no liability for any loss, injury, or damage resulting from, or occurring in connection with, the 

use of information contained, described, disclosed, or referred to in this report. 

NYSERDA makes every effort to provide accurate information about copyright owners and related matters 

in the reports we publish. Contractors are responsible for determining and satisfying copyright or other use 

restrictions regarding the content of the reports that they write, in compliance with NYSERDA’s policies 

and federal law. If you are the copyright owner and believe a NYSERDA report has not properly attributed 

your work to you or has used it without permission, please email print@nyserda.ny.gov 

Information contained in this document, such as web page addresses, are current at the time of publication. 
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Abstract  

This report provides a technical description of two cargo feeder vessel stow plans, each with two ballast 

options.  The conditions are presented with stow plans, weight estimates, shear and bending moment values, 

radius of gyration values, maximum KG curves with load conditions and stability analysis.  The load 

characteristics are prepared as input to the next steps of the “Technical Validation of Existing U.S. Flagged 

Barges as a “Feeder” Solution for the U.S. Offshore Wind Industry,” including the Dynamic Motions 

Analysis and the Maneuvering Simulation. 
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Executive Summary  

Wind Turbine Installation Vessels (WTIV) are high value, high day-rate equipment whose primary role is 

installing wind turbine generators on site.  Using them to ferry equipment to the installation site is not cost 

effective since that operation can be conducted by a fleet of low-cost cargo feeder vessels (CFV).  This 

frees up the WTIVs to remain on site and continually erect wind generators. 

This report describes and evaluates two stow plans each with two ballast options for transporting one (1) 

NREL 15 MW Reference Wind Turbine Generator on Crowley 455 Series Barges: 

 Base Case, Case 0-Lt – Barge with Fender Wall and other outfit transporting two (2) Tower sections 
(T1/2, T3), Nacelle and Blades – minimum ballast (Draft 27% hull depth) 

o Sensitivity 0-Hvy – ballast to draft 43% hull depth 

 Sensitivity, Case 1-Lt – Barge with Fender Wall and other outfit transporting three (3) Tower 
sections (T3, T2, T1), Nacelle and Blades – minimum ballast (Draft 29% hull depth) 

o Sensitivity 1-Hvy – ballast to draft 45% hull depth 

The load cases are developed to include: 

o Stow plans,  
o Weight estimates,  
o Shear and bending moment values, 
o Radius of gyration values, 
o Ballast Plans for port-to-starboard and starboard-to-port cargo discharge, 
o Maximum KG curves for each cargo transport and discharge step load condition, and 
o Stability analysis.   

These load cases will be used to study WTIV feeder system feasibility using a minimally modified deck 

cargo barge accompanied by the appropriate tugs.  The analysis includes: 

o Dynamic Motions Analysis – under tow and alongside the WTIV 
o Maneuvering Simulation – bringing barge to standoff zone and to make “soft landing” 
o WTIV/Feeder Weather Down Time (WDT) Simulation – based on motions and maneuvering 
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1 Introduction 

Europe presently has a total installed offshore wind capacity of 25 GW. That corresponds to 5,402 grid-

connected wind turbines across 12 countries.1  There are two projects totaling 42 MW in operation in the 

United States.2  The U.S. offshore wind industry is just transitioning from the pilot stage to utility-scale 

commercial development.   

Fixed foundation offshore wind turbines are installed in water depths of up to about 160 ft (50 m).  Wind 

Turbine Installation Vessels (WTIVs) are self-propelled with azimuthing thrusters, a ship-shaped hull, and 

a jack-up system to lift the hull out of the water providing a stable foundation for a very large crane.  The 

first Jones Act-compliant vessel, the 472-ft WTIV CHARYBDIS, is currently under construction at a cost of 

a half billion dollars3 with a day rate above a quarter of a million dollars.  It is highly unlikely that there 

will be enough WTIVs available to meet the needs of all the projects in the pipeline due to the high cost of 

Jones Act-compliant WTIVs.   

Foreign flag WTIVs may be used to install offshore wind turbines if they do not transport any cargo within 

the U.S. territorial sea (46 U.S. Code § 55102).  Jones-Act qualified cargo vessels are available to transport 

cargo, and they have day rates several orders of magnitude less than WTIVs.    In theory, a cargo feeder 

vessel (CFV) could improve the efficiency of a WTIV by eliminating the time spent traveling to and from 

port.  The CFV would deliver cargo to the WTIV just-in-time for it to transload the cargo, install the WTG 

and move to the next installation site.  CTVs may also be able to operate out of ports with restrictive bridge 

clearance or water depth limitations, thus offering more flexibility for marshalling site selection. 

This study evaluates a minimally modified deck cargo barge accompanied by the appropriate tugs in three 

key facets of the operation: 

o Dynamic Motions Analysis – under tow and alongside the WTIV 
o Maneuvering Simulation – bringing barge to standoff zone and to make “soft landing” 
o WTIV/Feeder Weather Down Time (WDT) Simulation – based on motions and maneuvering 

 

Figure 1 – WTIV with Feeder System 

WTIV at Site 
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2 Methods 

2.1 Considerations for Stow Plan 

Transporting the tower as a single unit minimizes the number of lifts the WTIV must make, however, it 

makes for a very tall deck load which limits the number of available ports, tends to reduce vessel stability, 

and amplifies top motions.  Transporting the tower in three sections has the opposite effect.   

For this study, a two (2) tower section base case and a three (3) tower section sensitivity case will be 

evaluated.  The CFV stow plans were developed to: 

o Maximize space between components, 
o Be within the WTIV crane’s lift range and capacity, and 
o Minimize trim and heel. 

2.2 Cases for Analysis: 

When ballasting the vessel, the displacement (and draft) should be limited to provide adequate freeboard 

and stability, but large enough to reduce motions and slamming.  Minimizing ballast reduces the overall 

displacement of the loaded barge, which should make the barge easier for the tugs to maneuver.  It should 

also impart a smaller contact load on the WTIV than it would if the CFV were more heavily ballasted.  

Therefore, for transporting one (1) NREL 15 MW Reference Wind Turbine Generator on Crowley 455 

Series Barges, light and heavy cases will be studied: 

 Base Case, Case 0-0 – Barge with Fender Wall and other outfit transporting two (2) Tower sections 
(T1/2, T3), Nacelle and Blades – minimum ballast (Draft 27% hull depth) 

o Sensitivity 0-1 – ballast to draft 43% hull depth 

 Sensitivity, Case 1-0 – Barge with Fender Wall and other outfit transporting three (3) Tower 
sections (T3, T2, T1), Nacelle and Blades – minimum ballast (Draft 29% hull depth) 

o Sensitivity 1-1 – ballast to draft 45% hull depth 

2.3 Stow Plan – Base Case with Two Tower Sections 

To prepare the barge to transport this cargo, several structures and systems were minimally developed for 

weight estimate, including: 

o A fender wall design was developed for 10.8 ft x 32.8 ft (3.3 m x 10 m) fenders centered 20.6 
ft (6.3 m) above the CFV deck with a maximum allowable reaction load of 200 LT (203 MT), 

o A ballast system for tanks 2P/S and 7 P/S with four (4) Goulds 3171 vertical sump pumps and 
associated piping, 

o Sea fastenings/grillages for the WTG components, and  
o An electrical system, mooring fittings and other outfit.  
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Outboard Profile: 

 

Figure 2 – Base Case, Elevation 

Plan View: 

 

Figure 3 – Base Case, Deck Plan 

2.4 Stow Plan – Sensitivity Case with Three Tower Sections 

Outboard Profile: 

 

Figure 4 – Sensitivity Case, Elevation 
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Plan View: 

 

Figure 5 – Sensitivity Case, Deck Plan 

2.5 Weight Estimate 

A detailed weight estimates for both stow plans are provided in Appendix A.  Load characteristics are: 

  Base Case (T12-T3) Sensitivity Case (T3-T2-T1) 
  0-0 Light 0-1 DNV Draft 1-0 Light 1-1 DNV Draft 

Draft [ft]   6.78   10.80   7.13   11.1 

Mass [LT] 6,767 11,094 7,140 11,467 

VCG (from keel) [ft]   35.7 25.0   29.9   21.7 

VCG Corr for FSM [ft]   36.6 26.6   30.6   23.2 

Radius 
of 

Gyration 

Kxx [ft]   56.3 52.9   45.4   45.4 

Kyy [ft] 114.0 97.6 113.6   97.6 

Kzz [ft] 108.5 96.3 113.5 100.2 

GMt* [ft] 109 69.7 108 70.4 

  Base Case (T12-T3) Sensitivity Case (T3-T2-T1) 
  0-0 Light 0-1 DNV Draft 1-0 Light 1-1 DNV Draft 

Draft [m]   2.07 3.3 2.2 3.4 

Mass [MT] 6,875 11,272 7,254 11,652 

VCG (from keel) [m] 10.9  7.6  9.1  6.6 

VCG Corr for FSM [m] 11.1  8.1  9.3  7.1 

Radius 
of 

Gyration 

Kxx [m] 17.1 16.1 13.8 13.8 

Kyy [m] 34.7 29.7 34.6 29.7 

Kzz [m] 33.1 29.4 34.6 30.5 

GMt* [m] 33.2 21.3 32.9 21.5 

* GMt includes true free surface.    
 

Table 1 – Load Condition Characteristics 
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2.6 Regulatory Requirements 

For feeder vessels operating on wind farm installation projects in the U.S., strength, stability, and other 

operational requirements are established by: 

o U.S. Coast Guard – regulations published in 46 CFR – Shipping, 
o American Bureau of Shipping – Rules for Building and Classing Steel Barges, July 2021, 
o DNV GL – Marine Operations and Marine Warranty, DNVGL-ST-N001, Sept 2018 (MWS) 

For this study, the maximum shear and bending moments for each load condition were compared with the 

limits described on the 455 Series Barge Spec Sheet (reference 3.1.2). 

Each load condition was evaluated with respect to the following intact stability criteria: 

o 46 CFR 170.165 - International Code on Intact Stability 
 IMO Code on Intact Stability, Part B, Chapter 2.2 (Stability for Pontoons) 

o 46 CFR 174.015 – Deck Cargo Barge Righting Energy 
o DNV GL MWS 10.6.4/15.5.3 Minimum GM & Freeboard During Load Transfer (On or Off) 
o DNV GL MWS 11.10.2 – GM and Range 
o DNV GL MWS 11.10.3 Wind Overturning to 70 knot wind 

A damage stability analysis is not required for cargo transport on flagged trading vessels sailing at the 

assigned ‘B’ freeboard or greater (per DNV GL MWS 11.10.7.5). 

  

Figure 6 – 455 Series Barge with Base Case Load Configuration 
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3 References 

3.1 Barge Info 

1. 400’ x 105’ x 26’ Deck Cargo Barge, GENERAL ARRANGEMENT, Dwg 73-03, Rev B 
2. Crowley Spec Sheet:  455 Series – 400’ x 105’ x 25’  
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3. 213025-833-1, Weight Estimate 
4. 213025-034-01, 15 MW NREL Reference Turbine Stow Plan, Base Case – Two Tower Sections  
5. 213025-034-02, 15 MW NREL Reference Turbine Stow Plan, Sens. Case 1 – Three Tower 

Sections  

3.2 Wind Turbine Generator Info 

1. IEA Wind TCP Task 37, Definition of the IEA Wind 15-Megawatt Offshore Reference Wind 
Turbine Technical Report, March 2020 
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to-Charter-Offshore-Wind-Turbine-Installation-Vessel 
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Appendix A.  Weight Estimate 

A.1 Weight Estimate for Base Case with Two Tower Sections 

Barge with Fender Wall and other outfit transporting two (2) Tower sections (T1/2, T3), Nacelle and Blades.  

Ballast is not included.  

 

Table 2 – Base Case 0, Weight Estimate, Two Towers (U.S. Units) 
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Table 3 – Base Case 0, Weight Estimate, Two Towers (S.I. Units) 
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A.2 Weight Estimate for Sensitivity Case with Three Tower Sections 

Barge with Fender Wall and other outfit transporting three (3) Tower sections (T3, T2, T1), Nacelle and 

Blades.  Ballast is not included. 

 

Table 4 – Sensitivity 1, Weight Estimate, Three Towers (U.S. Units) 
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Table 5 – Sensitivity 1, Weight Estimate, Three Towers (S.I. Units) 
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Appendix B.  Ballast Plan 

B.1 Ballast Plan for Base Case with Two Tower Sections – Base Case 0-0 

Barge with Fender Wall and other outfit transporting two (2) Tower sections (T1/2, T3), Nacelle and Blades.  (Deepest draft = 27% hull depth.) 

Ballasted to minimum ballast required to offload cargo in any order with ballast sequence as follows:  

 

Table 6 – Base Case 0-0, Ballast Plan, Two Tower Sections 

B.2 Ballast Plan for Base Case with Two Tower Sections – Sensitivity 0-1 

Barge with Fender Wall and other outfit transporting two (2) Tower sections (T1/2, T3), Nacelle and Blades.  (Deepest draft = 43% hull depth.) 

Ballasted to DNV GL (WMS 11.10.9.4) draft guidance value with fixed liquid ballast (3P/S: 55%, 4P/S: 55%, 5P/S: 75% & 6P/S: 75%) and active 

ballast (in #2 P/S and #7 P/S tanks) as required to offload cargo in any order.  The ballast sequence is the same as Base Case 0-0 above. 
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B.3 Ballast Plan for Sensitivity Case with Three Tower Sections – Sensitivity 1-0 

Barge with Fender Wall and other outfit transporting three (3) Tower sections (T3, T2, T1), Nacelle and Blades.  (Deepest draft = 29% hull depth.)  

Ballasted to minimum ballast required to offload cargo in any order with ballast sequence as follows:  

 

Table 7 – Sensitivity 1-0, Ballast Plan, Three Tower Sections 

B.4 Ballast Plan for Sensitivity Case with Three Tower Sections – Sensitivity 1-1 

Barge with Fender Wall and other outfit transporting three (3) Tower sections (T3, T2, T1), Nacelle and Blades.  (Deepest draft = 45% hull depth.) 

Ballasted to DNV GL (WMS 11.10.9.4) draft guidance value with fixed liquid ballast (3P/S: 55%, 4P/S: 55%, 5P/S: 75% & 6P/S: 75%) and active 

ballast (in #2 P/S and #7 P/S tanks) as required to offload cargo in any order.  The ballast sequence is the same as Sensitivity Case 1-0 above. 
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Appendix C.  Stability Analysis 

C.1 Stability Analysis – Max KG Curves 

Limiting Vertical Center of Gravity (Max KG) Curves were developed for the applicable stability criteria.  

Each step of cargo transloading off load is analyzed and shown below.  

 

Figure 7 – Load Conditions on Max KG Curve – with 70 knot wind 

 

The Maximum VCG Curves for each stability criteria were calculated for a range of trim from 1 ft forward 

to 5 ft aft trim over a range of displacement from 3,000 LT to 21,000 LT.  Composite limits were developed 

by selecting the lowest Maximum KG value from all cases:   

 

 
Table 8 – Maximum VCG with No Trim – with 70 knot wind 

 

 

70 knot wind 
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C.2 Stability Analysis for Base Case with Two Tower Sections 

Barge with Fender Wall and other outfit transporting two (2) Tower sections (T1/2, T3), Nacelle and Blades.   

 
 

Figure 8 – Stability Base Case 0-0, Full Load, Trimmed for Voyage (Layout) 
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Figure 9 – Stability Base Case 0-0, Full Load, Trimmed for Voyage (Loading) 
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Figure 10 – Base Case 0-0, Minimum Freeboard and Limiting Wave Height 

 

 

Figure 11 – Base Case 0-0, IMO Pontoon Code (Limiting Portion of Criteria) 
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Figure 12 – Base Case 0-0, Wind Criteria with 70 knot Wind 
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C.3 Stability Analysis for Sensitivity Case with Three Tower Sections 

Barge/Fender Wall and other outfit transporting three (3) Tower sections (T3, T2, T1), Nacelle and Blades. 

 

Figure 13 – Stability Sensitivity 1-0, Full Load, Trimmed for Voyage (Layout) 
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Figure 14 – Stability Sensitivity 1-0, Full Load, Trimmed for Voyage (Loading) 
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Figure 15 – Sensitivity 1-0, Minimum Freeboard and Limiting Wave Height 

 

 

Figure 16 – Sensitivity 1-0, IMO Pontoon Code (Limiting Portion of Criteria) 
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Figure 17 – Sensitivity 1-0, Wind Criteria with 70 knot Wind 
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C.4 General HydroStatics (GHS) GeoFile for Analysis 

Barge model includes the hull with deck edge, the ballast tanks and a sail representing the fender wall, both 

the two (2) Tower section (T1/2, T3) and the three (3) Tower section (T3, T2, T1) configurations, the 

Nacelle and the Blades. 

 

Figure 18 – GHS GeoFile 

 

 


