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Executive Summary 
This report outlines a second reference design for a deep-water floating wind array, developed 

under Task 49 of the International Energy Agency Wind Technology Collaboration Program (IEA 

Wind). The reference farm arrays are designed to produce 1 GW in a consistent 800-meter water 

depth in metocean conditions representative of Humboldt Bay, California and for a square area of 

256 km². 

The first deep-water design has been described in a previous report [1]. The floating wind farm 

consisted of 67 IEA Wind 15-MW reference turbines [2] mounted on UMaine Volturn US-S 

reference semisubmersible platforms [3]. The design featured taut mooring systems with suction 

pile anchors and included both fully suspended and lazy wave dynamic power cable profiles.  

The variation presented in this report concerns the replacement of the semi-submersible floater 

with a TLP-type floater. This floater, designed by NREL [5], is adapted to the same 800 m water 

depth, meteorological conditions of Humboldt Bay and IEA Wind 15-MW reference turbines. It 

uses taut synthetic HMPE mooring lines. 

After presenting the unitary design used, this report describes the layout optimization method 

implemented to maximize the production of the farm of the 67 turbines. It then compares the 

annual energy production (AEP) with that obtained using the same method with semi-submersible 

floaters, as well as with that obtained using the alternative method initially employed for these 

floaters. In both methods wind turbines are aligned along two axes (raws and columns). Despite 

closer distance (7,15D vs 9,6D) between turbines in the main wind direction, the algorithm 

increases AEP by leaving some intersections between these two axes empty. Thanks to a smaller 

anchoring radius, the TLP design allows turbines to be placed closer to the edges of the area 

allocated to the farm, thereby increasing production by enlarging the number of empty 

intersections. 

Fatigue analysis has been performed on turbines submitted to the wake of an upwind turbine. This 

analysis, conducted with OpenFAST v4.0.4, considers 100 binned wind and sea states 

representative of the Humboldt site. The minimum inter-turbine spacings of 7.15D and 9.6D are 

used to generate the wind file whatever the wind direction. Thus, the fatigue analysis is conducted 

conservatively to facilitate comparison between layouts and floater technologies. Higher fatigue 

values at tower base are observed for the semi-submersible design than for the TLP, even if values 

remain low. These differences are likely linked to the greater motion response of the semi-

submersible that we can observe on the simulations performed on the 100 bins. 
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1. Introduction 
This study is part of Work Package 2 of Task 49 of the International Energy Agency's (IEA Wind) 

technological collaboration program on wind energy, which aims to produce reference wind farm 

designs for characteristic sites. Three initial reference design scenarios have been defined for 

shallow, intermediate, and deep-water depths.  

The features of the planned deep-water design are shown in Table 1. The table also lists potential 

future variants including the tension-leg platform (TLP).  

Table 1. Proposed deep-water design scenarios and features (from [1]) 

Scenario Deep 

Key features Deep-water constraints on mooring layout and turbine 
spacing, use of W-shaped cables and deep-water 
mooring innovations 

Design variants (sequential) V1: uniform  
Secondary options: 
V2: depth gradient with adapted layout, moorings, 
cables 
V3: shared mooring option 
V4: TLP option 

Metocean Humboldt 

Depth 800 m  
Secondary option:  
irregular 600–1,000 m 

Seabed Generic 

Array layout Rectangular 
Secondary option: varied 

Platform type Semi or Spar  
Secondary option: TLP  

Mooring configuration Taut synthetic 
Secondary options: shared taut, TLP 

Mooring layout Regular 

Anchors Suction pile 
Secondary option: drag embedment 

Cable configuration Fully suspended 

Cabling layout Regular 

 

A preliminary design of the deep-water floating wind farm using a semi-submersible platform was 

previously developed [1] through a collaborative effort of an international design team. As outlined 
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in Table 1, this is a 1 GW wind farm designed for the reference site conditions of Humboldt, 

California, with a water depth of 800m. The farm consists of 67 IEA Wind 15 MW turbines [2] 

mounted on reference Volturn US-S semi-submersible platforms [3], distributed over a 16 km x 

16 km grid. The anchoring system selected was taut with suction anchors. For the dynamic power 

cables, fully suspended configurations were used wherever possible, given the significant water 

depth. The deep-water design was developed according to the requirements and methodology 

described in the Reference Design Basis for Floating Offshore Wind Farms by IEA Wind Task 49 

[4] 

After this first work, it was decided to design a TLP array variant of this floating wind farm 

described in this report. This version uses the reference TLP floater designed by NREL for using 

the IEA Wind 15-MW turbine in a deep case [5]. Unlike the previous study, which included the 

design of dynamic power cables, this study is limited to the design of the mooring lines, the 

optimization of the wind turbine layout within the farm, and a comparison of the results between 

the semisubmersible and TLP case. 

Section 2 of this report outlines the site conditions. Section 3 reviews the NREL TLP floater and 

mooring design adapted to the selected site. Section 4 details the wind farm layout and compare 

the AEP results to the results obtained with semi sub in the same conditions. Finally, Section 5 

compares the movements of floater and the fatigue on turbines between TLP and semi-sub. 
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2. Site Conditions  
The site conditions representative of the Humboldt wind energy area, off the coast of California 

were chosen for deep water design among different sites conditions identified in WP1 of the Task 

49 [8]. The Humboldt lease areas have water depths ranging from 550 to 1300 m, as shown in 

Figure 1. For the array design, a uniform depth of 800 m was assumed to simplify. In previous 

work, metocean data for Humboldt was gathered from various sources including metocean buoys 

operated by the National Data Buoy Center and the National Offshore Wind dataset. This data was 

processed into extreme wind, wave, and current parameters at various return periods, as well as 

fatigue bins, contributing to a set of reference site conditions based on the Humboldt location [6], 

[7]. 

 
Figure 1: Humboldt lease area depths 

The Humboldt wind, wave, and current roses are shown in Figure 2. 

 

Figure 2: Humboldt site wind rose (a), wave rose (b) and current rose (c) 

The radial axis are occurency 
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3. TLP Floater and Mooring Design   
The tension-leg platform (TLP) reference design for the IEA Wind 15-MW reference turbine 

proposed by NREL [5] was used. It is suitable for a range of water depths from 200 m to 1500 m. 

This design is representative of existing TLP concepts and uses tendon materials that are largely 

anticipated in the floating wind industry. It consists in a central column, three cylindrical pontoons 

extending radially from the column to the tendons, and two HMPE tendons at the end of each 

pontoon to provide redundancy. Three angled braces between the central column and the pontoons, 

and three vertical cans at the end of each pontoon have been added to reduce structural loads and 

provide hydrostatic stability when the tendons are not attached, allowing the platform to have a 

stable at-port and tow-out configuration. The anchor was not part of the design. 

 

Figure 3: NREL TLP reference design [5] 

The design was specified for the Humboldt wind, current and waves site conditions. More 

precisely the sizing has been made using the design load case (DLC) 1.6, with the turbine operating 

at its rated wind speed under normal turbulence levels, combined with the most severe (50-year 

return period) sea state expected under these wind conditions. Wind, waves, and currents are 

assumed to be aligned to represent that assumed most severe loading. 
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Table 2. Design Load Case 1.6 Environmental Parameters 

Environmental Condition Value 

Wind speed (m/s) 10.59 

Turbulence intensity (-) 0.06 

Wind shear exponent (-) 0.14 

Significant wave height (m) 10.5 

Wave peak period (s) 18.7 

Current speed (m/s) 0.92 

Yaw misalignment (deg) 0 

Turbine status Operating 

The design procedure aims to minimize the structure’s steel mass (as a proxy for cost) while 

adhering to the following requirements : 

• general hydrostatic stability and buoyancy requirements 

• mean platform pitch angle under rated wind conditions less than 5° 

• surge, sway, and yaw natural periods of greater than 25 seconds (to avoid wave frequencies) 

• heave, roll, and pitch natural periods less than 4 seconds (to avoid wave frequencies) 

• surge offsets less than 10% of water depth 

• tendon tensions stay between 100 kN and half of their MBL (safety factor of 2) 

• pontoon bending loads and deflections stay within safe values (safety factor of 2) 

• a metacentric height of at least 2.5 m when at the port draft without tendons attached. 

Most of the design parameters are depth independent and their values are listed in Table 3. 

Table 3. Depth-Independent Parameters 

Depth-Independent Parameter Value 

Freeboard (m) 15.0 

Draft (m) 36.0 

Column Diameter (m) 12.0 

Column Thickness (mm) 64* 

Pontoon Diameter (m) 7.0 

Angled Member Diameter (m) 4.0 

Angled Member Length (m) 38.0 

Angled Member Thickness (mm) 50 

End Can Diameter (m) 8.0 

End Can Length (m) 16.0 

End Can Thickness (mm) 50 

Four design parameters are related to water depth: tendon/anchoring radius, tendon diameter, 

pontoon thickness and of course tendon length. Tendon pretension is nearly constant.  The values 

of these parameters for 800 m water depth are listed in Table 4.  

Table 4. Depth-Dependent Parameters for 800 m Water Depth 

Water Depth 
(m) 

Tendon Radius 
(m) 

Pontoon Thickness 
(mm) 

Tendon Diameter 
(mm) 

Tendon Length 
(m) 

Tendon Pretension 
(MN) 

800 63.5 81.6 455.2 763 13.53 

*: The original NREL 

design thickness of the 

central column was 50 

mm. This design had been 

determined solely based 

on the resistance criterion 

for DLC 1.6 [5] 

Following preliminary 

fatigue calculations, this 

thickness was increased to 

64 mm.  
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4. Farm layout optimization 
This section describes the farm layout optimization problem with alignment constraints and its 

associated parameterization. The optimized layout proposed for the TLP is then compared to the 

optimized layout designed for the semi-submersible float, under the same environmental 

conditions, to highlight the impact on the AEP. 

4.1 TLP farm layout optimization 

The array layout was constrained to use regular grid spacing, based on the initial design described 

in Table 1. For the boundaries of the farm, a square-shaped region was assumed with an area of 

256 km2, matching the Humboldt North-East lease area’s size. These assumptions were intended 

to produce a more generic and broadly useful array design, instead of designing for a specific lease 

area.   

The array layout, or the position of turbines within this area, was done with numerical optimization 

methods. This layout optimization was done without considering floaters motions. It used the 

following assumptions: 

- the wind turbines are aligned along two axes (rows and columns)  

- a minimum distance of 2D (where D is the turbine rotor diameter) between turbines and between 

turbines and boundary of the authorized area (wind turbine buffer zone)  

- a clearance of 50 m between mooring lines and between mooring lines and boundary of 

authorized areas in the x-y plane (mooring buffer zone). These constraints are summarized in 

Figure 4 [9]. 

 

Figure 4: Spatial constraints around mooring lines  

and platforms for layout optimization [9] 
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The layout optimization problem with alignment constraints with its associated parameterization 

and its solving algorithm were first presented in [10]. The optimization objectives are to maximize 

the AEP, or minimize wake losses within the array, subject to the regular layout approach and 

spacing constraints. The regular layout approach implies that the turbines are located at the 

intersections of a regular grid composed of parallelograms. This grid is defined by six parameters 

(𝑟1, 𝑟2, 𝜃1, 𝜃2, 𝑣𝑥, 𝑣y), as pictured in Figure 5, whose shape and orientation are to be determined. 

Parameters 𝑟1, 𝑟2 are the two sides’ length of the parallelogram, the parameter 𝜃1 (resp. 𝜃2) is the 

angle formed between the side of the parallelogram of length 𝑟1 (resp. 𝑟2) and the x-axis. Finally, 

the parameters 𝑣𝑥, 𝑣𝑦 is the offset between the origin of the Cartesian and the parallelogram-based 

grids. 

 

 

Figure 3: Parametrization of regular, gridded array layout [10] 

Using this parametrization, the change-of-basis matrix from the canonical basis denoted  to the 

grid basis denoted 𝐵(𝜃1, 𝜃2, 𝑟1, 𝑟2) is define as follows  

 

In the grid-basis coordinates, any intersection point 𝑝 writes as follows: 

 

This parameterization in grid basis is, in turn, equivalent to 

  

Where 𝑘1 and 𝑘2 are the coordinates of a point on the grid and Δ1 and Δ2 are the coordinates of 

the base change vector.  
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The general wind farm layout optimization problem with alignment constraints consists of 

maximizing the wind farm’s AEP under the following constraints:  

𝑘1
𝑖 , 𝑘2

𝑖  ⋲  𝑍;            𝑖 = 1, … , 𝑁𝑚𝑎𝑥     (a) 

     (b) 

𝛥1, 𝛥2 ⋲ [0, 1)       (c) 

𝑃𝐵𝑂

𝐵(θ1,θ2,r1,r2)
( (

𝑘1
𝑖

𝑘2
𝑖 ) + (𝛥1

𝛥2
))  ∈ 𝛺;       𝑖 = 1, … , 𝑁𝑚𝑎𝑥  (d) 

θ1 ∈  (−
𝜋

2
,

𝜋

2
  ]       (e) 

θ2 ∈  [−
𝜋

2
,  θ1 )         (f) 

𝐷𝑚𝑖𝑛 ≤ min ‖𝑃𝐵𝑂

𝐵(θ1,θ2,r1,r2)
𝑧‖     (g) 

The first three equations (a), (b) and (c) ensure that the turbines are located at the intersections of 

the grid, and the constraint (d) ensures that the turbines are located in the admissible domain. 

Constraints defined by equations (e) and (f) allow to generate all possible parallelogram-based 

grids and the last one ensures a minimal distance Dmin between 2 turbines. This minimal distance 

Dmin is fixed for both directions in the grid (rows and columns).  

This algorithm requires a large number of AEP evaluations and for the numerical example in the 

present work, a simple Gaussian wake model based on Bastankhah’s Gaussian wake model was 

used [11]. More details regarding this optimization algorithm can be found in [10].  

It can be noticed that this algorithm allows for the possibility of not occupying all the grid 

intersections. By allowing gaps within a regular array layout, benefits in terms of reduced wake 

effects can be found while keeping the constraints of a regular layout. 

Using this optimization strategy, the resulting optimized farm layout is shown in Figure 6. The 

coordinates of the 67 turbines are listed in Table 7 (Appendix 1). 

 

Figure 4: Optimized TLP windfarm layout “POSS EMPTY” with possibly empty intersections 
and the minimum inter-turbines distance in the main wind directions 
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The AEP of the wind farm is calculated by integrating the power produced by all turbines for each 

combination of wind speed and direction, weighted by the corresponding probability of 

occurrence: 

 

𝐴𝐸𝑃 =  ∑ 𝑃𝑓𝑎𝑟𝑚(𝑢𝑖 , 𝜃𝑖). 𝑝(𝑢𝑖, 𝜃𝑖)

𝑁𝑤

𝑖=1

 

where: 

- 𝑃𝑓𝑎𝑟𝑚(𝑢𝑖, 𝜃𝑖) is the total power produced by the wind farm for a wind speed 𝑢𝑖 and wind 

direction 𝜃𝑖, accounting for losses due to wake effects, calculated using the simplified 

Gaussian wake model of Bastankhah [10]. 

- 𝑝(𝑢𝑖, 𝜃𝑖) is the probability of occurrence of the wind speed 𝑢𝑖 and direction 𝜃𝑖. 

- 𝑁𝑤 represents the number of wind speed and direction bins. 

  

For each wind direction, the coordinates of the turbines are transformed into a reference frame 

aligned with the wind direction, and power losses due to wake effects are estimated based on the 

chosen model. The power of each turbine is then aggregated to obtain the total power of the farm.  

The AEP and the wake losses are computed with the engineering software FarmShadow developed 

by IFPEN [15] and using an Ishihara wake model. The Ishihara model considers a deficit of mean 

wind speed and wake-added turbulence model according to [10]. The AEP for the proposed layout 

is 4917.46 GWh, and the wake losses are 2.95%. 

4.2 TLP and semi-sub farm layouts comparison 

The case of the Humboldt 1-GW floating wind farm was also investigated in a previous study with 

semi-submersible floaters [12].  In this study, two layouts, one with holes and one without, were 

compared, under the exact same environmental conditions of the Humboldt site. The semi-

submersible layout with holes, labeled “POSS. EMPTY,” is shown in Figure 8, and the semi-

submersible layout without holes, labeled “FULL,” is shown in Figure 9. The coordinates of the 

67 turbines for these two layouts are provided in Table 8 and Table 9, respectively, in Appendix 

1. These semi-submersible layouts were compared based on several criteria in [12]. 

It can be noticed that possible interactions between the mooring lines have to be considered when 

optimizing the layout for the semi-submersible platforms. Unlike the TLP platform, semi-

submersible platforms have a large mooring radius of 1,400 m. 

Another optimization parameter must then be added concerning the mooring lines orientations: the 

γ angle to x axis considered counterclockwise. For semi-submersible floaters, each row of turbines 

the mooring lines have the same orientation. From one row to the next, the same mooring lines are 

oriented at 180° as shown in Figure 7. 
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Figure 5: Mooring line orientations 

The optimization method used to determine the placement of the mooring lines is described in 

detail in [12].  

Regarding the TLP, the mooring lines are vertical, and the orientation therefore concerns the 

pontoons. Since there is no issue of interaction between the mooring lines, all floaters can have the 

same orientation. 

 

Figure 8: Semi sub windfarm layout “POSS.EMPTY” obtained with possibly empty intersections 
and the minimum inter-turbines distance in the main wind directions 
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Figure 9: Semi sub windfarm layout “FULL” obtained with full intersections and the minimum 

inter-turbines distance in the main wind directions 

In addition, the grid parameters and the estimated AEP are provided in Table 5 to facilitate 

comparison. 

Table 5. Grid parameters and AEP associated with TLP  

and two Semi-submersible layouts (D = 240m)  

 TLP Semi-Sub  

“POSS. EMPTY” 

Semi-Sub  

“FULL” 

𝒓𝟏 (m) 1960.6 1717.7 1526.4 

𝒓𝟐 (m) 1718.1 1959.9 1701.6 

𝜽𝟏 (°) 1.0 0 70 

𝜽𝟐 (°) -56 -57 -20 

γ (°) 70 52 70 

Minimum inter-turbines distance in 

the main wind directions (m) 

7.15 D 7.15 D 9.6 D 

AEP (GWh) 4917.5 4872.7 4838.0 

Wake losses (%) 2.95 3.84 4.56 

 

It should be noted that the inter-turbines distances specified in Table 5 correspond to minimum 

distances in the main wind directions. 
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As the Humboldt site is very directional according to the wind, those distances were considered 

for the fatigue study. A significant result is that despite the shorter distance between turbines 

(7.15D instead of 9.6D in the main wind direction) the “POSS.EMPTY” configuration gives a 

higher AEP due to the voids within the farm. Even though the inter-turbine distance is the same in 

the TLP configuration, there are more voids (Figure 6) due to the turbines being closer to the limits 

of the area. This leads to a significant increase in the AEP. This effect is emphasized by the 

possibility of leaving empty positions in the grid. 

 

5. Turbine fatigue analysis and floater movements  
Semi-submersible farms and TLP farms are very different but share the use of the same IEA 15 

MW turbine. Therefore, the fatigue comparison focused on this component, specifically on the 

turbine tower. 

The tower geometry adopted for the TLP and semi-submersible follows a stepped, tapered wall-

thickness profile, optimizing both structural efficiency and load distribution throughout the tower's 

height. The outer diameter remains essentially constant at 10 m throughout most of the tower 

height, while the wall thickness gradually decreases from 88.5 mm at the base to less than 8 mm 

at the top. This progressive reduction aligns with the diminishing bending moments and axial loads 

with elevation, enabling material savings without compromising structural integrity. Only in the 

uppermost section, above approximately 132 m, is the diameter reduced to 6.5 m, marking the 

transition toward the nacelle. This design of the tower should not, however, be considered final, 

as the abrupt final reduction in diameter prevents the top of the tower from meeting fatigue criteria. 

The fatigue analysis considers 100 binned wind and sea states representative of the Humboldt site 

detailed in Appendix B. Fatigue evaluations are conducted through 1-hour simulations using 

OpenFAST v4.0.4 [13]. 

The accumulated fatigue damage, following Miner’s summation rule, is defined as the 

accumulative ratio of the number of cycles experienced to the total number of cycles to failure 

across all tension ranges over a 25-year design life. The number of cycles experienced is calculated 

based on rainflow counting.  

The total number of cycles to failure is calculated based on the bilinear S − 𝑁 curves given by  

𝑁 = 𝐾(∆𝜎)−𝑀 

or in the logarithmic form  

log𝑁 = log𝐾 − 𝑀log∆𝜎 

where N is the number of cycles to failure, ∆𝜎 is the stress range, M is the slope parameter and 

logK represents the intercept on the y-axis of the logarithmic S − 𝑁 curves. In this study, the S − 

𝑁 curves was defined by two segments with the slope parameter 𝑀 = 3 and the intercept 𝐾 = 

5.81×1011 N before N=106 cycles and by 𝑀 = 5 and 𝐾 =04×1015 N after [14]. 
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Figure 6: Bilinear S-N curves [14] 

To simplify the analysis, the inter-turbine spacings of 7.15D and 9.6D used in the optimised 

layouts are used to generate the wind file whatever the wind direction. Considering the strong wind 

directionality in the Humboldt case, this hypothesis of taking the minimal distance in the main 

wind directions is rather conservative. Only the wake of a single upstream turbine is considered, 

without wake superposition.  Two orientations of the platform (and of the mooring lines for the 

semi-submersible case) have been considered 10° and 70° corresponding to the mooring lines 

orientations γ chosen for the case semi-submersible full [12].  

Table 6 Effective damage coefficients at the tower base for two platform types under varying inter-
turbine distances and platform orientation. 

Inter-turbine 

distance 

Platform 

orientation 
TLP 

Semi-

submersible 

7.15 D 
10° 0.022 0.040  

70 0.023 0.057 

9.6 D 
10° 0.015 0.031 

70° 0.016 0.040 

For both platform types, the effective damage coefficient decreases with increasing inter-turbine 

distance. This reduction is attributed to the diminished additional turbulence intensity as the 

distance between turbines increases.  In terms of platform orientation, the semi-submersible shows 

a more pronounced sensitivity to orientation, with a significant increase of cumulated damages for 

an orientation of 70° compared to 10°, while the TLP’s response remains more stable to 

orientation. The higher values observed for the semi-submersible design indicate greater 

susceptibility to fatigue compared to the TLP.  

It is interesting to compare the floaters motions for the TLP and the semi-sub and to link them to 

the tower base fatigue assessments. To this end, the 6 main motions of the floater (heave, surge, 

sway, pitch, roll, yaw) and their standard deviations for each of the 100 bins used in the fatigue 

assessment were investigated. 
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The following figures 11 to 16 show the results on the OpenFast simulation of TLP (black) and 

the semi submersible (red) floaters motions for the case of an inter-turbine distance of 9,6 D with 

a platform orientation of 70°.  

 
Figure 7: Heave motion: mean (left) and standard deviation (right) 

 
Figure 8: Surge motion: mean (left) and standard deviation (right) 

 

 
Figure 9: Sway motion: mean (left) and standard deviation (right) 
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Figure 10: Pitch motion: mean (left) and standard deviation (right) 

 

Figure 11: Roll motion: mean (left) and standard deviation (right) 

 
Figure 16: Yaw motion: mean (left) and standard deviation (right) 

 

In general, both platform types exhibit similar response patterns to wave and wind conditions, with 

peaks and valleys placed at the same bins but presenting different amplitudes. 
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The heave motions are comparable in mean values with low absolute values. They are much greater 

in standard deviation on the semi-submersible indicating a greater sensitivity to waves due to 

greater immersion and higher tension in the mooring lines. 

In the surge and sway directions, the TLP experiences a smaller range of horizontal displacement, 

and the standard deviation is consistently lower compared to the semi-submersible. The mean 

surge displacement can reach up to 22m for the semi-submersible, while the TLP remains below 

15 m. The mean sway displacement can reach up to 28 m for the semi-submersible, while the TLP 

remains below 18 m. 

The TLP also experiences very little pitch and roll motions with standard deviation remaining 

close to zero, which is consistent with its more rigid and stable design, less sensitive to waves and 

wind variations. 

The observation of yaw motions shows similar results than for surge and sway motions, with 

smaller mean rotations and their standard deviations. 

Figures 17 to 19 provide the corresponding time-series comparison of floater motions for bin N°32, 

which has the highest probability, with the wind direction approximately aligned with the North. 

These figures illustrate in another way the impressive stability of the TLP in angular pitch and roll 

motions, as well as its lower heave motions. This behavior is linked to the tension in the mooring 

lines and the greater submersion of the floater, which makes it less sensitive to waves. Surge 

motions are also reduced on the TLP, where their amplitude is about 3 m compared to 

approximately 7 m on the semi-sub. The differences are less pronounced between the two types of 

floaters in sway and yaw motions. 

 
Figure 17: Heave(left) and yaw (right) motions for bin 32 
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Figure 18: Sway (left) and pitch (right) motions for bin 32 

 

 
Figure 19: Surge (left) and roll (right) motions for bin 32 

 

 
 

The greater fatigue at tower base observed for the semi-submersible is likely linked to a greater 

motion response of the floater. It is also likely that these reduced movements of the TLP are also 

beneficial for the fatigue of other components. 
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6. Conclusion 
The goal of IEA Wind Task 49 is to collaboratively develop reference floating wind farms, which 

can be used for research purposes. Workpackage 2 of this Task focuses on the design of floating 

components: mooring systems, anchors, and cables, as well as on the wind turbine layout within 

the farm and the routing of power cables. This work, divided between three scenarios according to 

water depth, is conducted iteratively while adhering to the design requirements previously defined 

in the Task 49 Design Basis [4]. The work presented in this report concerns the deep-water case.  

Following the results of the Workpackage 1 of the Task 49 concerning the site screening, the 

Humboldt site and an uniform 800 m water depth has been selected for reference deep-water farm. 

This 1-GW farm is composed of 67 IEA 15-MW reference wind turbines. The first design 

described in a previous report used VolturnUS-S semi-submersible platforms. This report 

describes an alternative farm design with a generic deep-water TLP proposed by NREL and 

adapted to the 800 m depth and compares the results obtained with these technologies.  

The semi-submersible design featured taut mooring systems composed of chain and polyester, 

with a clump weight along the polyester with a mooring radius of 1400 m. The TLP design uses 

vertical high module polyethylene tendon, reducing the mooring radius to 63,5 m.  

In both cases the array layout is a rectangular grid within a 16 km x16 km square, sized to match 

the Humboldt Northeast lease area. Two types of algorithms were used to optimally position the 

turbines in this area, with the objective of maximizing the farm's energy production while ensuring 

a regular layout and complying with spatial constraints, primarily related to anchoring lines. Due 

to the lower mooring radius, the TLP concept allows to slightly increase the AEP in this case (by 

about 1%) compared to the semi-submersible concept. 

Comparison of the platform motions over 100 bins representative of environmental conditions 

shows that TLP is much less sensitive to wave and wind variations than the semi-submersible 

platform, resulting in lower fatigue at turbine tower base. 

To facilitate use of the design, the various design input files are uploaded on the IEA Wind Task 

49 GitHub page1. This includes a YAML description of the full array in the Task 49 Ontology 

format and the OpenFAST input files. The deepwater TLP reference design has still to be 

completed with dedicated designs of anchors and power cables. 

These reference designs can serve as a baseline or starting point for future research efforts looking 

at floating wind arrays in deep water.  

 

 
1 https://github.com/IEAWindTask49 
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1 Appendix A - Turbines coordinates 

Table 7. Turbines coordinates (TLP) 

 Platform x (m) Platform y (m)  Platform x (m) Platform y (m) 

Turbine 1 1663.6 498.3 Turbine 34 13752.2 2159.5 

Turbine 2 665.4 2159.5 Turbine 35 2403.1 13787.5 

Turbine 3 3844.7 498.3 Turbine 36 12754.1 3820.6 

Turbine 4 2846.6 2159.5 Turbine 37 1405.0 15448.7 

Turbine 5 1848.5 3820.6 Turbine 38 6580.5 10465.2 

Turbine 6 850.3 5481.8 Turbine 39 11756.0 5481.8 

Turbine 7 6025.8 498.3 Turbine 40 5582.4 12126.4 

Turbine 8 5027.7 2159.5 Turbine 41 10757.9 7142.9 

Turbine 9 4029.6 3820.6 Turbine 42 4584.3 13787.5 

Turbine 10 3031.5 5481.8 Turbine 43 14935.2 3820.6 

Turbine 11 8207.0 498.3 Turbine 44 3586.1 15448.7 

Turbine 12 2033.4 7142.9 Turbine 45 8761.6 10465.2 

Turbine 13 7208.8 2159.5 Turbine 46 13937.1 5481.8 

Turbine 14 1035.2 8804.1 Turbine 47 7763.5 12126.4 

Turbine 15 6210.7 3820.6 Turbine 48 12939.0 7142.9 

Turbine 16 5212.6 5481.8 Turbine 49 6765.4 13787.5 

Turbine 17 10388.1 498.3 Turbine 50 11940.9 8804.1 

Turbine 18 4214.5 7142.9 Turbine 51 5767.3 15448.7 

Turbine 19 9390.0 2159.5 Turbine 52 10942.8 10465.2 

Turbine 20 3216.4 8804.1 Turbine 53 9944.6 12126.4 

Turbine 21 8391.8 3820.6 Turbine 54 15120.1 7142.9 

Turbine 22 2218.2 10465.2 Turbine 55 8946.5 13787.5 

Turbine 23 7393.7 5481.8 Turbine 56 14122.0 8804.1 

Turbine 24 12569.2 498.3 Turbine 57 7948.4 15448.7 

Turbine 25 1220.1 12126.4 Turbine 58 13123.9 10465.2 

Turbine 26 6395.6 7142.9 Turbine 59 12125.8 12126.4 

Turbine 27 11571.1 2159.5 Turbine 60 11127.7 13787.5 

Turbine 28 10573.0 3820.6 Turbine 61 10129.5 15448.7 

Turbine 29 4399.4 10465.2 Turbine 62 15305.0 10465.2 

Turbine 30 9574.9 5481.8 Turbine 63 14306.9 12126.4 

Turbine 31 14750.4 498.3 Turbine 64 13308.8 13787.5 

Turbine 32 3401.3 12126.4 Turbine 65 12310.7 15448.7 

Turbine 33 8576.7 7142.9 Turbine 66 15489.9 13787.5 

 Turbine 67 14491.8 15448.7 
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Table 8. Turbines coordinates (Semi-Sub Full) 

 Platform x (m) Platform y (m)  Platform x (m) Platform y (m) 

Turbine 1 12822,7 1677,22  Turbine 34 10577,2 13359,3 

Turbine 2 13404,7 3276,2 Turbine 35 5069,01 2688,54 

Turbine 3 13986,7 4875,18 Turbine 36 5650,99 4287,52 

Turbine 4 11388,4 2199,28  Turbine 37 6232,98 5886,5 

Turbine 5 11970,4 3798,26 Turbine 38 6814,96 7485,48  

Turbine 6 12552,3 5397,24 Turbine 39 7396,94 9084,46 

Turbine 7 13134,3 6996,22 Turbine 40 7978,92 10683,4 

Turbine 8 13716,3 8595,2 Turbine 41 8560,9 12282,4 

Turbine 9 14298,3 10194,2  Turbine 42 9142,88 13881,4 

Turbine 10 9954,03 2721,34 Turbine 43 3052,68 1611,61  

Turbine 11 10536 4320,32 Turbine 44 3634,67 3210,6 

Turbine 12 11118 5919,3 Turbine 45 4216,65 4809,58 

Turbine 13 11700 7518,28 Turbine 46 4798,63 6408,56 

Turbine 14 12282 9117,26  Turbine 47 5380,61 8007,54 

Turbine 15 12863,9 10716,2 Turbine 48 5962,59 9606,52  

Turbine 16 13445,9 12315,2 Turbine 49 6544,57 11205,5 

Turbine 17 14027,9 13914,2 Turbine 50 7126,55 12804,5 

Turbine 18 7937,71 1644,42 Turbine 51 7708,54 14403,5 

Turbine 19 8519,69 3243,4  Turbine 52 1618,34 2133,67 

Turbine 20 9101,67 4842,38 Turbine 53 2200,32 3732,66  

Turbine 21 9683,65 6441,36 Turbine 54 2782,3 5331,64 

Turbine 22 10265,6 8040,34 Turbine 55 3364,28 6930,62 

Turbine 23 10847,6 9639,32 Turbine 56 3946,26 8529,6 

Turbine 24 11429,6 11238,3  Turbine 57 4528,24 10128,6 

Turbine 25 12011,6 12837,3 Turbine 58 5110,23 11727,6  

Turbine 26 12593,6 14436,3 Turbine 59 5692,21 13326,5 

Turbine 27 6503,36 2166,48 Turbine 60 1929,93 7452,68 

Turbine 28 7085,34 3765,46 Turbine 61 2511,92 9051,66 

Turbine 29 7667,32 5364,44  Turbine 62 3093,9 10650,6 

Turbine 30 8249,3 6963,42 Turbine 63 3675,88 12249,6  

Turbine 31 8831,28 8562,4 Turbine 64 4257,86 13848,6 

Turbine 32 9413,27 10161,4 Turbine 65 1659,55 11172,7 

Turbine 33 9995,25 11760,4  Turbine 66 2241,53 12771,7 

 Turbine 67 2823,51 14370,7 
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Table 9. Turbines coordinates (Semi-Sub Empty) 

 Platform x (m) Platform y (m)  Platform x (m) Platform y (m) 

Turbine 1 2302.8 1584.6 Turbine 34 13126.9 3025.2 

Turbine 2 4262.7 1584.6 Turbine 35 7424.9 8787.6 

Turbine 3 3327.2 3025.2 Turbine 36 1722.8 14549.9 

Turbine 4 2391.7 4465.8 Turbine 37 6489.4 10228.1 

Turbine 5 1456.2 5906.4 Turbine 38 11255.9 5906.4 

Turbine 6 6222.7 1584.6 Turbine 39 5553.8 11668.7 

Turbine 7 5287.2 3025.2 Turbine 40 10320.3 7347.0 

Turbine 8 4351.6 4465.8 Turbine 41 4618.3 13109.3 

Turbine 9 3416.1 5906.4 Turbine 42 3682.8 14549.9 

Turbine 10 8182.6 1584.6 Turbine 43 14151.3 4465.8 

Turbine 11 2480.6 7347.0 Turbine 44 8449.3 10228.1 

Turbine 12 7247.1 3025.2 Turbine 45 13215.8 5906.4 

Turbine 13 1545.1 8787.6 Turbine 46 7513.8 11668.7 

Turbine 14 6311.6 4465.8 Turbine 47 12280.3 7347.0 

Turbine 15 5376.1 5906.4 Turbine 48 6578.2 13109.3 

Turbine 16 10142.6 1584.6 Turbine 49 11344.8 8787.6 

Turbine 17 4440.5 7347.0 Turbine 50 5642.7 14549.9 

Turbine 18 9207.1 3025.2 Turbine 51 10409.2 10228.1 

Turbine 19 3505.0 8787.6 Turbine 52 9473.7 11668.7 

Turbine 20 8271.5 4465.8 Turbine 53 14240.2 7347.0 

Turbine 21 2569.5 10228.1 Turbine 54 8538.2 13109.3 

Turbine 22 7336.0 5906.4 Turbine 55 13304.7 8787.6 

Turbine 23 1633.9 11668.7 Turbine 56 7602.7 14549.9 

Turbine 24 12102.5 1584.6 Turbine 57 12369.2 10228.1 

Turbine 25 6400.5 7347.0 Turbine 58 11433.6 11668.7 

Turbine 26 11167.0 3025.2 Turbine 59 10498.1 13109.3 

Turbine 27 10231.5 4465.8 Turbine 60 9562.6 14549.9 

Turbine 28 4529.4 10228.1 Turbine 61 14329.1 10228.1 

Turbine 29 9295.9 5906.4 Turbine 62 13393.6 11668.7 

Turbine 30 3593.9 11668.7 Turbine 63 12458.1 13109.3 

Turbine 31 14062.5 1584.6 Turbine 64 11522.5 14549.9 

Turbine 32 8360.4 7347.0 Turbine 65 14418.0 13109.3 

Turbine 33 2658.4 13109.3 Turbine 66 13482.5 14549.9 

 Turbine 67 12191.4 4465.8 
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2 Appendix B : Environment bins for fatigue studies 
 

 

 

 
 

Figure 20: Environnement bins for fatigue studies  
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Table 10. Environment bins data sorted by probability 

 

Bin 

#

Probability 

(%)

Wind Speed 

(m/s)

Wind dir 

(deg)

Wave dir 

(deg)

Wave Height 

(m)

Wave 

Period (s) TI

Wind dir 

(deg)

Wind Speed 

(m/s)

Wave dir 

(deg)

Wave 

Height (m)

Wave 

Period (s)

32 7,21575 11,15 354,39 334,36 1,93 7,44 0,059 4,61757 1,78597 5,42373 0,408188 0,929585

64 6,62317 13,42 355,82 333,18 2,86 8,93 0,057 4,69813 1,79526 7,91475 0,46809 0,9241

1 5,86440 9,81 354,29 312,17 1,49 7,81 0,063 5,46748 1,98386 4,74768 0,433789 1,19255

20 3,67738 12,51 352,37 295,18 2,44 11,24 0,057 5,35851 2,04617 6,28028 0,555567 1,35407

58 3,67117 7,14 1,13 287,03 2,01 13,06 0,071 4,78227 2,14645 5,63305 0,578351 0,991337

36 3,60826 8,37 356,90 319,19 2,47 11,52 0,063 6,55962 2,14983 5,09559 0,567346 1,09737

71 3,48322 4,88 351,41 324,63 1,44 8,43 0,088 7,83661 1,75814 5,38662 0,485388 1,09816

85 3,05607 4,75 340,03 291,64 1,73 11,22 0,088 5,1811 2,08396 6,52882 0,577505 1,32281

16 2,88366 7,99 356,37 284,02 1,29 9,41 0,071 5,68223 2,09914 5,11881 0,432601 1,27989

8 2,61494 19,44 351,31 331,98 3,53 8,94 0,055 3,76405 2,15749 9,13934 0,693633 1,13294

43 2,57223 4,42 14,92 298,47 1,53 10,48 0,088 5,22346 1,81794 6,792 0,551759 1,35647

7 1,84840 7,25 357,62 293,85 3,82 14,14 0,071 6,67116 2,61082 7,4578 0,663125 1,38276

19 1,71870 8,15 357,12 352,84 1,82 7,90 0,063 7,18338 2,38306 4,98866 0,561425 1,1585

91 1,62084 4,10 215,12 323,68 1,52 8,72 0,088 8,76194 2,05163 7,24955 0,457554 1,09154

26 1,48183 3,98 178,11 300,36 1,83 11,37 0,138 6,47332 2,03451 6,01378 0,599094 1,32257

73 1,37931 13,82 353,79 329,28 3,92 12,62 0,057 5,53963 2,5459 7,33402 0,725085 1,39917

51 1,35446 3,49 306,75 285,66 1,96 12,14 0,138 5,872 1,94496 7,00384 0,652243 1,64411

78 1,34669 5,24 211,33 281,79 1,47 9,90 0,088 5,76371 2,30093 6,67034 0,518003 1,35414

97 1,33737 15,32 178,45 286,70 2,11 11,39 0,056 5,1944 1,91196 6,07537 0,670283 1,09676

54 1,24806 9,76 193,64 277,39 2,20 12,28 0,063 5,70477 1,68924 5,91255 0,646178 1,13087

96 1,24029 3,60 236,61 291,86 2,03 11,79 0,138 5,88759 1,91769 7,20373 0,678657 1,32061

79 1,23796 3,39 33,91 286,67 2,51 13,40 0,138 6,31586 1,75494 8,42617 0,886866 1,31896

46 1,21622 16,57 351,96 294,51 3,78 13,65 0,055 5,58022 2,62966 6,07621 0,73329 1,81623

22 1,20534 3,12 297,27 317,23 1,55 9,00 0,138 8,98931 1,71027 8,83646 0,506344 1,29087

50 1,16729 8,88 184,11 327,89 1,67 8,60 0,063 6,64387 2,82525 6,51691 0,520629 1,29293

94 1,11991 5,64 13,74 289,62 2,27 16,65 0,088 6,3821 2,37803 6,51501 0,716541 1,61094

25 1,11137 6,03 345,57 289,34 1,87 16,35 0,071 6,19901 2,80348 5,66773 0,623968 1,60129

89 1,10593 4,53 200,90 285,42 1,91 14,17 0,088 6,70825 2,1794 5,65737 0,589954 1,20947

63 1,08186 7,06 355,60 245,50 1,09 15,17 0,071 6,60323 2,73345 5,89503 0,406993 1,56134

77 1,04846 8,90 314,29 308,80 3,15 11,77 0,063 7,00608 2,61783 8,81097 0,658579 1,30697

80 1,04147 12,42 182,10 292,78 2,40 14,60 0,057 5,63767 2,10676 6,76139 0,666088 1,20124

67 0,99876 9,06 183,31 295,10 1,39 8,84 0,063 6,96953 2,69052 5,66063 0,466273 1,35701

69 0,97235 18,36 173,30 292,78 3,28 14,14 0,055 5,98183 2,04423 6,49098 0,635373 1,48438

34 0,97080 10,47 166,36 295,19 2,32 12,09 0,059 6,83038 2,00502 6,39522 0,638513 1,09378

76 0,95760 3,21 47,08 319,20 1,72 9,50 0,138 9,35816 1,84934 7,58767 0,654317 1,60503

41 0,95371 4,95 177,71 267,66 1,59 10,95 0,088 6,22982 2,2437 5,99663 0,625755 1,5479

40 0,94051 3,76 272,03 281,46 1,68 10,19 0,138 7,31717 2,23912 7,12971 0,62802 1,69098

86 0,89857 3,25 137,81 281,89 1,73 12,49 0,138 7,60062 1,93268 7,20765 0,709376 1,72758

75 0,89624 15,44 177,95 263,53 3,47 13,19 0,056 6,41917 2,228 5,81039 0,711694 1,35893

15 0,88459 6,87 203,36 292,40 3,48 12,85 0,071 5,97527 2,33154 6,67637 0,574095 1,15649

6 0,83178 13,76 179,36 259,17 1,94 8,79 0,057 5,61159 2,38631 6,40531 0,547445 1,52227

55 0,82634 4,74 169,25 290,53 3,87 14,44 0,088 7,07104 2,22164 7,86873 0,792952 1,54776

70 0,77198 10,56 358,17 317,13 2,88 16,06 0,059 6,01542 2,37597 7,50367 0,750745 1,72106

83 0,72538 5,92 358,64 251,78 1,43 9,82 0,088 9,46929 2,62434 8,73615 0,613744 1,62321

47 0,72460 13,61 180,86 285,45 4,36 16,31 0,057 6,20785 2,67785 7,85255 0,721374 1,62214

100 0,70907 4,38 317,17 295,14 3,98 14,16 0,088 6,98921 2,12498 7,6914 0,75758 1,56169

37 0,67335 7,51 354,66 212,22 1,08 15,42 0,071 5,82729 2,45972 5,49009 0,305992 1,5027

45 0,65781 6,34 257,55 318,61 2,84 11,56 0,071 7,75104 3,089 7,32496 0,7492 1,48073

13 0,62131 3,17 125,14 317,45 1,67 9,42 0,138 9,90122 2,13024 7,91485 0,518706 1,46278

90 0,59180 12,67 224,85 286,18 3,76 12,29 0,057 7,07119 2,72403 8,97461 0,744938 1,51902

29 0,59180 2,43 79,08 291,13 2,16 14,07 0,138 7,09612 1,43716 8,23695 0,871681 1,94965

33 0,58326 4,24 270,95 293,78 3,18 14,60 0,088 6,59381 2,47929 7,17003 0,801336 1,51737

28 0,57238 16,51 167,10 200,75 2,27 7,00 0,055 7,13154 2,38158 8,24977 0,52055 1,25497

12 0,56617 23,36 172,10 275,06 4,39 14,27 0,054 6,48492 2,84298 7,74947 0,792276 1,78419

3 0,54831 8,10 183,39 291,69 2,18 18,41 0,063 8,16105 3,56948 8,03468 0,753054 1,53195

38 0,49239 2,99 112,39 297,05 3,28 13,15 0,138 7,92427 1,76667 9,154 0,847685 1,5984

95 0,47763 9,83 212,04 250,06 2,48 9,64 0,063 7,88137 2,76459 7,98473 0,817381 1,49385

48 0,47220 21,10 170,47 270,94 2,98 10,13 0,055 5,8847 2,57925 7,63048 0,59868 1,63675

44 0,46987 8,74 272,86 279,26 3,98 12,31 0,063 7,62845 3,09896 8,74559 0,734579 1,40905

59 0,46987 5,88 201,63 319,79 2,32 13,44 0,088 7,87543 2,77046 5,36732 0,688203 1,50627

92 0,46676 2,39 62,02 269,94 1,49 10,67 0,138 9,45226 1,30545 9,14233 0,605988 1,57889

Standard devCluster Center
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68 0,45433 21,79 168,98 203,55 2,99 7,77 0,055 6,37816 1,97398 7,4356 0,551865 1,03114

21 0,42870 9,84 162,08 265,78 4,11 14,12 0,063 8,15331 2,55762 7,36851 0,848552 1,40867

23 0,42560 15,41 180,05 327,74 2,89 9,96 0,056 7,06233 2,6307 8,59614 0,679921 1,76546

49 0,40851 11,80 166,82 238,98 2,13 10,28 0,059 7,4727 2,3484 6,84368 0,739044 1,40286

98 0,40618 5,54 219,46 286,17 4,50 15,42 0,088 7,59718 2,46116 8,55141 0,772324 1,48803

24 0,37667 7,82 186,13 243,16 1,36 14,98 0,071 8,12334 3,46014 6,69489 0,612586 1,33824

93 0,37589 9,96 135,02 288,11 2,46 15,91 0,063 7,37632 3,60526 7,61928 0,744286 1,96446

35 0,33706 11,39 306,46 315,61 5,50 14,09 0,059 9,17019 3,02505 9,62058 0,76154 1,54776

53 0,33240 6,59 354,99 340,20 2,09 13,84 0,071 7,98863 2,64822 7,682 0,813884 1,40907

60 0,31532 4,00 240,60 285,23 2,10 16,82 0,138 9,52336 2,47222 8,58762 0,691143 1,84

31 0,29668 17,38 187,14 229,08 3,28 10,31 0,055 8,06844 2,37571 7,3598 0,695559 1,35023

57 0,27493 9,70 251,39 298,06 5,44 15,22 0,063 7,98177 3,21552 9,04195 0,803255 1,37959

66 0,27260 3,68 224,14 217,88 0,96 14,92 0,138 9,05811 1,96593 11,0766 0,301616 1,63254

17 0,26483 12,34 188,89 208,08 1,54 5,85 0,057 7,72178 3,05437 8,83004 0,468767 1,40172

87 0,26406 21,89 168,33 238,15 3,87 10,82 0,055 6,82593 2,63597 5,81648 0,701336 1,52672

9 0,22134 3,75 305,15 234,78 1,23 14,10 0,138 9,4902 2,28615 7,93986 0,584004 2,11022

84 0,21668 3,21 24,48 217,76 0,95 15,08 0,138 8,11028 1,49105 9,20171 0,366794 1,69333

74 0,21358 5,57 246,72 241,67 1,74 8,62 0,088 10,9729 2,98048 10,3841 0,751404 1,47301

99 0,18795 6,37 175,01 207,02 1,04 15,08 0,071 8,92986 3,80236 6,87963 0,292215 1,70859

18 0,18639 27,34 168,53 194,39 4,11 8,59 0,054 5,76212 2,64555 7,26218 0,751314 1,05165

14 0,17863 4,03 326,23 317,46 2,42 17,18 0,088 8,85194 1,99911 9,13868 0,828081 2,33154

56 0,15843 6,76 137,90 230,28 1,93 9,36 0,071 9,34344 3,60523 9,48817 0,700986 1,59229

62 0,14368 27,82 170,98 244,94 5,25 11,74 0,054 6,50835 2,77256 10,3559 1,13594 1,92148

52 0,13125 7,48 359,19 177,14 1,07 14,32 0,071 6,89173 2,74121 7,50259 0,344276 1,83203

88 0,12970 13,82 204,04 274,48 6,88 16,38 0,057 11,0043 3,76161 10,2071 0,920222 1,58092

10 0,10640 2,54 100,84 240,23 1,28 14,06 0,138 11,3351 1,71255 8,4818 0,609222 2,00449

39 0,09475 3,15 320,40 190,39 0,95 14,82 0,138 11,4626 1,67827 10,1596 0,283011 1,75219

5 0,06679 8,20 358,04 147,14 1,05 16,50 0,063 7,81542 2,47185 10,3492 0,303221 1,79351

82 0,05048 6,60 350,92 72,23 0,99 15,50 0,071 13,928 2,7042 12,0847 0,296125 2,04452

30 0,04505 8,46 193,40 156,99 1,15 16,53 0,063 11,1775 4,17601 10,8864 0,388609 2,14523

27 0,03107 5,60 165,52 343,57 2,32 17,51 0,088 12,6331 4,17603 10,2046 1,00096 1,88423

61 0,02951 2,25 101,48 189,23 0,95 14,99 0,138 11,656 1,70826 9,46787 0,354865 2,01524

4 0,02641 14,43 273,92 309,68 8,71 16,29 0,056 15,0181 4,26776 7,97624 0,925881 1,49681

42 0,02252 9,93 359,24 12,87 2,55 20,24 0,063 4,68894 3,48139 12,3775 0,829567 2,25055

11 0,01320 4,66 219,15 32,87 1,09 13,18 0,088 13,8108 1,84504 9,52473 0,276126 3,37721

2 0,00621 18,86 169,32 176,09 4,13 17,49 0,055 7,00606 4,67289 18,6598 0,933003 2,29025

81 0,00388 9,75 183,74 66,91 1,73 19,12 0,063 9,29913 4,51785 11,5846 0,586229 1,16039

72 0,00233 3,99 138,40 67,72 1,01 13,57 0,138 7,45211 0,666614 8,6454 0,054365 1,10882

65 0,00078 27,96 165,97 95,00 4,26 17,39 0,054 0 0 0 0 0


