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1. Introduction   
Orcades Marine was tasked to perform a mooring analysis for a floating pier solution that is proposed 

to be installed at a new marine landing point near the Ferry Pier on the island of Eday, Orkney, 

Scotland. The floating pier is to be used as a floating interface between the proposed bank seat to be 

constructed at the new marine landing point and a heavy lift vessel to be used for transporting wind 

turbine component and equipment to the island of Eday.  

The mooring analysis serves several purposes: 

a) To assess the feasibility and duration that a floating pier could remain safely in place in the 

metocean and tidal current conditions prevailing at the site. 

b) To provide indicative guidance on the sizing of the floating pier anchoring requirements. 

The design of the floating pier and new marine landing point has not yet been finalised. Therefore, as 

the starting point for an iterative process, a typical North Sea–type flat-top barge of 90 metres length 

with a 2-metre draft and displacement of 5658 tonnes similar in length to the proposed floating pier 

has been used for the initial mooring analysis, using an 8-point mooring system. The concept design 

requires a ramp for transiting between the floating pier and the proposed bank seat construction. 

2. Background 
The environmental data used in this mooring assessment was obtained from the calculated 1-in-20-

year return1 wind speed processed from a 10-year wind data set for Hatston Pier Orkney and the 1-in-

25-year extreme inshore significant wave height obtained from a Royal Haskoning report at a location 

nearby in the Fall of Warness. The guidelines contained in ISO 19901-7 and DNV-OS-E301 recommend 

a 100-year return period for mooring analysis, but this applies to permanent offshore moorings with 

service lives over 20 years. The planned mooring is classed as a mobile offshore mooring (6 months to 

20 years). DNV permits a project-specific return period if it achieves equivalent risk levels. This 

approach has been adopted, with environmental conditions selected accordingly. Even so, the results 

are likely to be the conservative side due to the sheltered location of the proposed new landing point 

beside the Eday ferry pier. 

The tidal stream was measured during a transect survey carried out in the mid tidal cycle and the 

figures extrapolated to produce an estimated spring tide rate which correlates to local knowledge. It 

should be noted that the tidal data used in the majority of the analyses were taken from the outer 

boundary of the mooring area where the tide was measured to be strongest and that the tidal stream 

diminishes in strength as it gets closer to the shore. 

3. Executive Summary 

The starting point for the mooring analyses was a worst-case scenario of a colinear wind, wave, and 

an estimated ebb spring tidal stream current on the barge’s starboard beam (load case 27)2. The 

predicted loads from a 1-in-25-year wave sea state with short 85-meter mooring lines indicate that 

 
1 A return period is a statistical measure that represents the average interval of time between events of a certain 
magnitude or greater (e.g. a storm or wave height). For example, a 1-in-10-year return period corresponds to a 
10% chance of that event being equalled or exceeded in any given year, while a 1-in-20-year return period 
corresponds to a 5% chance per year. 
 
2 A load case defines the unique sea state using selected wind, wave, and tidal stream current environmental 
parameters. 
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the mooring and anchor connection point on the two starboard mooring lines connected to the shore 

experienced extreme loads of approximately 892 tonnes and 642 tonnes respectively. The 

contributing factors for these high loads are the colinear environmental conditions combined with the 

short 85-meter mooring leg lengths that were initially chosen to reduce the barge’s excursions due to 

the proximity of the proposed bank seat construction to the stern of the barge. 

Further mooring cases have been assessed providing the worst-case mooring loads on forward and on 

aft lines in a 1:10 return period and 1:1 year return period using longer mooring lines. 

As an additional comparison, a survival mooring configuration was assessed in which case the barge 

is moored in open water on 155-metre mooring lines in an extreme 1:25 year return period.  

A final case was analysed using a reduced sea state, representing nominal operating conditions. This 

scenario assumed a sustained wind speed of 30 knots, a significant wave height of 1.5 metres on the 

beam, and an average tidal current of 0.9 knots. These parameters were selected to estimate mooring 

loads under typical, moderate conditions. 

3.1 Summary of findings 
Based on the high-level concept design and approximated environmental conditions the results of the 

mooring analysis indicate that it is feasible for a circa 90-metre-long barge or floating pier to remain 

safely on this location in 30 knots of wind and 1.5 metre significant wave height imposing loads on the 

mooring points of less than 40 tonnes.  Table 1 and Table 2 below show the percentage occurrence of 

wind speeds greater than 25 knots for the beam sector (East Northeast to South Southeast sector) and 

all sectors respectively. The estimated number of days in a year where a wind speed of greater than 

25 knots may occur in the beam sector is 5 days (1.22%) and the estimated number of days in a year 

where a wind speed of greater than 25 knots may occur in all sectors is 26 days (7.06%).  

Table 1 Wind % Occurrence for Wind Speeds >25 knots in Beam sectors 

 

Table 2 Wind % Occurrence for Wind Speeds >25 knots for all sectors 

 

However it is prudent and necessary in the engineering and operational design of the barge and 

mooring system consider the probability of the barge experiencing extreme conditions; for example 

the loads imposed on the mooring lines in the 1:1 year return period condition are of the order of 

circa 300 tonnes for the aft mooring lines to the shore and circa 175 tonnes for bow lines to clump 

weights in the water. Considering this case alongside the more extreme cases analysed it is therefore 

unlikely to be practically feasible for the barge and moorings to be designed to remain permanently 

in this location and therefore consideration must be given to design the moorings/barge arrangement 

Wind Speed Bin ENE E ESE SE SSE Grand Total (%)
25-30 knots 0.11 0.09 0.15 0.14 0.38 0.87
30-35 knots 0.03 0.05 0.04 0.05 0.11 0.28

>35 knots 0.01 0.03 0.02 0.01 0.01 0.07
Grand Total (%) 0.14 0.17 0.21 0.21 0.50 1.22

Wind Percentage Occurrence - >25 knots (ENE - SSE) Sectors

Wind Speed Bin N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Grand Total
25-30 knots 0.20 0.30 0.15 0.11 0.09 0.15 0.14 0.38 0.78 0.32 0.21 0.64 0.40 0.44 0.31 0.18 4.81
30-35 knots 0.07 0.08 0.06 0.03 0.05 0.04 0.05 0.11 0.23 0.08 0.03 0.24 0.16 0.22 0.14 0.06 1.63

>35 knots 0.02 0.01 0.02 0.01 0.03 0.02 0.01 0.01 0.07 0.01 0.01 0.13 0.08 0.10 0.06 0.01 0.61
Grand Total 0.29 0.40 0.22 0.14 0.17 0.21 0.21 0.50 1.08 0.41 0.25 1.01 0.64 0.76 0.50 0.25 7.06

Wind Percentage Occurrence - >25 knots (All Sectors)
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to enable efficient and safe removal of the barge during periods of bad weather and the necessity of 

having a pre laid safe anchoring location out of tidal streams on a swinging mooring or alternatively 

provision for it to be moored alongside a sheltered pier. 

NB: The figures provided are indicative only and can potentially be reduced by modifying and 

optimising the mooring system; by changing the make-up of the mooring lines, mooring pattern and 

number of mooring lines, together with the input of more precise environmental data. 

The current design of the edge of the bank seat is at 0 LAT which means at lowest low water the toe 

of the bank seat dries out. The mooring analysis was run with the stern of the barge positioned 16 

metres from the bank seat and with the draft of the barge at 2 metres the keel of the barge came into 

contact with the seabed in worst case conditions.  

Tidal current will be a significant issue for the operation of the heavy lift vessel which will be mooring 

across the tide as shown in the concept design. Compared to the barge location the vessel will be 

further out into the tidal stream and more exposed to stronger tidal currents on the beam. 

3.2 Further considerations 
The design of the floating pier will be finalised considering the difference in height and gradient of any 

ramp during different stages of the tide (as noted elsewhere in other reports), but also cognisance of 

the water depth vs draft of the floating pier/barge. The barge requires good stability to provide a safe 

platform for the transfer of long, heavy components of the wind turbines, and stability is a function of 

key specifications which includes the draft and displacement. 

A more detailed metocean analysis should be undertaken with seabed ADCP’s mounted at two or 

three locations under the proposed footprint of the barge and the vessel when moored, over at least 

one full tidal cycle.  

A wave rider buoy or alternative system to determine wave heights should be installed on the location 

for a period of at least one year. 

When the floating pier is designed a further mooring analysis should take place with the interaction 

of the vessel on the barge and vice versa. 

The mooring connection point and anchor connection point describes the specific node location on 

the mooring line that is defined in the ProteusDS model. This is shown in Figure 1 below. 
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Figure 1 Mooring line node definition 

Table 3 Comparison table of worst-case loads for LC-27 

 

1:25 year wave return period. Wind speed 49.4 knots (sustained), Sig. wave height 3.1m Hs, 1.3knot 

current (colinear on the beam). 

 

1:25 year wave return period. Wind speed 49.4 knots (sustained), Sig. wave height 3.1m Hs, 1.3 knot 

current (colinear on the beam). 

Fwd SB 2 Fwd SB 2 Aft SB 2 Aft SB 2

Mooring 

Connection
Anchor

Mooring 

Connection
Anchor

LC-27-25yr 85m Lines 516.75 370.82 892.65 642.13

LC27-25yr 135m Lines 388.39 280.70 642.87 463.81

Worst Case Loads - 

Forward Line (te)

Worst Case Loads - Aft 

Line (te)

85m Line v 135m Line - On Station

Loadcase

Fwd SB 1 Fwd SB 1 Aft SB 2 Aft SB 2

Mooring 

Connection
Anchor

Mooring 

Connection
Anchor

LC27-25yr 135m Lines 388.39 280.70 642.87 463.81

LC27-10yr 135m Lines 284.63 202.98 455.48 329.56

LC-27-1yr 135m Lines 156.56 110.83 293.09 210.16

135 meter Line - On Station

Worst Case Loads - 

Forward Line (te)

Worst Case Loads - Aft 

Line (te)

Loadcase
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1:10 year wave return period. Wind speed 49.4 knots (sustained), Sig. wave height 2.8m Hs, 1.3 knot 

current (colinear on the beam). 

1:1 year wave return period. Wind speed 49.4 knots (sustained), Sig. wave height 2.0m Hs, 1.3 knot 

current (colinear on the beam). 

 

Open water configuration in 1:25 year condition, Sig. Wave Height 3.1m Hs, Wind speed 49.4 knots 

(sustained), Sig. wave height 2.0m Hs, 1.3 knot current (colinear on the beam). 

 

 

Nominal operational condition 30 knots (sustained), Sig. Wave Height 1.5m Hs, 0.9 knots current 

(colinear on the beam). 

 

Table 4 Summary of Environmental Conditions parameters 

Environmental 
Condition Profile 

Sector 

Wind 
Speed 

Wind 
speed 

Wave 
Hs  

Flood 
Current 
Speed 

Ebb 
Current 
Speed 

(knots) (m/s) (m) (m/s) (m/s) 

1-in-25 year Head 49.4 25.4 2.3 1.67 0.83 

1-in-25 year Quarter 49.4 25.4 2.3 1.67 0.83 

1-in-25 year Beam 49.4 25.4 3.1 1.67 0.83 

1-in-10 year Quarter 49.4 25.4 1.9 1.67 0.83 

1-in-10 year Beam 49.4 25.4 2.8 1.67 0.83 

1-in-1 year Quarter 49.4 25.4 1.1 1.67 0.83 

1-in-1 year Beam 49.4 25.4 2 1.67 0.83 

Nominal Operation Beam 30 15.4 1.5 0.67 0.46 

 

 

Fwd SB 1 Fwd SB 1 Aft SB 2 Aft SB 2

Mooring 

Connection
Anchor

Mooring 

Connection
Anchor

LC-27-25yr Survival 

155m Lines
308.60 219.43 277.34 197.45

Loadcase

Worst Case Loads - Worst Case Loads - Aft 

155 meter Leg Length - Refuge Area

Fwd SB 1 Fwd SB 1 Aft SB 2 Aft SB 2

Mooring 

Connection
Anchor

Mooring 

Connection
Anchor

LC-27- Operation 

135m Lines
19.84 15.14 35.33 28.05

Worst Case Loads - Aft Worst Case Loads - 

Loadcase

135 meter Line - On Station
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4. Project Description  

4.1 Project details 
A typical flat top barge was used in the analysis to represent the concept of the floating pier. The 

principal dimensions of the barge referenced in this report are described in Table 5 below.  

Barge Details 

Table 5 Principal dimensions of barge 

Description Units Value 

Length Overall meters 90 

Beam (Moulded) meters 32 

Depth meters 6.7 

Draught meters 2.0 

Displacement tonnes 5658 

 

Figure 2 Model of barge 

Mooring location 

The location of the floating pier is proposed to be close to the existing ferry pier at Eday, Orkney, 

indicated by the red cross in Figure 3. The referenced water depth at the barge’s aft perpendicular is 

2m LAT and approximately 10m LAT at the barge’s forward perpendicular. The tidal range is 

approximately 3 meters. The seabed condition at the location is assumed to be rock. 

 
Figure 3 Location of Barge 
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5. Methodology 

5.1 Mooring and Rigid Body Modelling 
An 8-point mooring configuration which was referenced from the exemplar design Figure 4 in the Arch 

Henderson document 222038-AH-RP-P03 was selected as the base mooring configuration and was 

modelled in ProteusDS. The process of setting the mooring model begins with the barge rigid body 

being modelled in Delftship and its mesh was exported to ShipMo3D to perform a motion and 

seakeeping analysis. The seakeeping analysis produces radiation diffraction coefficients and RAOs that 

are imported into ProteusDS. The exported barge mesh was also exported to ProteusDS to be 

modelled as a custom rigid body.  

The location of the proposed mooring location is seen from bathymetry based on online chart sources 

to have a sloping seabed. The gradient of the seabed between each depth contour was estimated by 

manually measuring the horizontal distance between each contour. A custom seabed bathymetry 

mesh of approximately 300 x 300 meters was modelled and imported into ProteusDS. Lastly, the 

mooring lines were defined by selecting the mooring material properties, location and position of each 

mooring line component, and the connection between mooring components. Each mooring leg was 

initially defined to be approximately 85 meters in length. The mooring lines were defined to be short 

and taut after considering the proximity of the barge to the shore and the location of the aft mooring 

lines connection to the barge were adjusted forward which accounted for the existing shoreside 

infrastructure next to ferry Pier on Eday. The components that were defined in the simulation model 

are listed in Table 6 below and are indicative of a typical “offshore” mooring system. The heavy ground 

chain is typically included in a mooring system to provide adequate mass to minimise ground chain 

uplift at the anchor connection point. A chain uplift describes the scenario where the entire ground 

chain is stretched and lifted off the seabed in an extreme environmental condition which may result 

in anchors dislodging from its original position.  

Table 6 Mooring Components defined in ProteusDS  

Mooring Component Description 

Ground Chain 76mm Ø Studlink Chain 

Heavy Ground Chain 100mm Ø Studlink Chain 

Chain Riser 76mm Ø Studlink Chain 
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Figure 4 ProteusDS Model 

 

Figure 5 85-meter Mooring Leg Length Configuration 

 

5.2 Environmental Conditions 

5.2.1 Wind 
Wind return period estimations were extracted from a 10-year data set provided by Orkney Harbours 

at Hatston Pier in Kirkwall from which the return periods in the following table were derived. A 1-in-

20-year period was initially selected for wind and 1-in-25 for wave to determine the feasibility of a 

semi-permanent installation. 
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Table 7 Table of wind return periods 

 

Table 8 Wind Percentage Occurrence 

 

5.2.2 Wave 
The wave environmental parameters were referenced from a Royal Haskoning report shown in Figure 

7 at a location south of the Falls of Warness as shown in Figure 6 below. The 1-in-25-year wave Hs for 

the defined sectors shown in Figure 7 were selected for this analysis. It shall be noted that the wave 

data location is more exposed than the deployment location of the barge and it was assessed that the 

selected wave Hs are conservative.  

 

Figure 6 Location of Wave Data Point 

Return Period (Year) 1 2 5 10 15 20 25 50 100

Hourly Mean Wind Speed (Knots) 27.4 32.5 39.2 44.3 47.3 49.4 51.0 56.1 61.2

Hourly Mean Wind Speed (m/s) 14.1 16.7 20.2 22.8 24.3 25.4 26.2 28.8 31.5

Wind Speed Bin N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Grand Total (%)

0-5 knots 0.12 0.17 0.29 0.31 0.44 0.54 0.52 0.81 1.47 1.72 0.89 0.62 0.66 0.79 0.51 0.17 10.03

5-10 knots 0.29 0.60 0.80 0.85 1.00 1.21 1.53 1.51 3.18 3.84 1.37 1.12 1.82 2.27 1.51 0.76 23.65

10-15 knots 0.56 0.73 0.76 0.94 1.00 1.14 1.47 1.41 3.43 4.76 1.77 1.53 2.05 2.38 2.37 1.15 27.44

15-20 knots 0.66 0.81 0.40 0.56 0.52 0.66 1.02 1.18 2.79 3.44 1.21 1.48 1.62 1.57 1.64 0.94 20.50

20-25 knots 0.48 0.64 0.33 0.32 0.22 0.32 0.38 0.88 1.79 1.38 0.58 1.06 0.89 0.88 0.72 0.48 11.32

25-30 knots 0.20 0.30 0.15 0.11 0.09 0.15 0.14 0.38 0.78 0.32 0.21 0.64 0.40 0.44 0.31 0.18 4.81

30-35 knots 0.07 0.08 0.06 0.03 0.05 0.04 0.05 0.11 0.23 0.08 0.03 0.24 0.16 0.22 0.14 0.06 1.63

>35 knots 0.02 0.01 0.02 0.01 0.03 0.02 0.01 0.01 0.07 0.01 0.01 0.13 0.08 0.10 0.06 0.01 0.61

Grand Total (%) 2.39 3.34 2.80 3.12 3.35 4.08 5.13 6.28 13.74 15.55 6.07 6.81 7.67 8.65 7.26 3.75 100.00

Wind Percentage Occurrence - Hatston Pier, Kirkwall

Barge Deployment Location 
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Figure 7 Inshore Extreme Wave Hs 

 

Figure 8 Directional notation (from) of environmental parameters 

5.2.3 Tidal Stream 
A transect survey was performed by Triscom near the deployment location and was performed mid-

tide between spring and neap tides and the peak velocities for both flood and ebb flows are shown in 

Figure 9 and Figure 10. The peak flood flow of 1.3 knots and peak ebb flow of 0.9 knots indicated by 

the green circles in Figure 9 and Figure 10 were selected due to its proximity to the planned barge 

deployment location. A peak spring tidal stream current velocity of 3.24 knots and 1.61 knots for the 

flood and ebb flows respectively were derived using a linear formula commonly used for first order 

estimates. These derived tidal stream velocities corroborate the anecdotal accounts at the location 

and were selected to be used in the analysis. Most of the analysis was performed using the flood flow 

and only a specific case of a colinear environmental condition with an ebb flow on the SB beam is 

analysed. 
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Figure 9 Peak Flood Tidal Stream Flow 

 

Figure 10 Peak Ebb Tidal Stream Flow 
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5.3 Simulations in ProteusDS 
The simulations were performed only for the dynamic phase where the term “dynamic” herein 

corresponds to the simulations that have the wind, wave, and current parameters active to simulate 

as required by all mooring analysis standards.  

The dynamic simulations for all load cases were performed using specified environmental profiles for 

wind and waves and a uniform surface current. The NPD/Froya wind spectrum for a 1-hour mean wind 

speed at 10 meters above MWL and the constant tidal stream current were defined with reference 

from DNV-OS-E301 – Position Mooring standard. Both the flood and ebb tidal stream flow conditions 

were considered in the analysis. The wave condition was defined using the JONSWAP spectrum which 

is noted to be conservative due to the barge being in a sheltered location from offshore swell action. 

A random wave seed number was generated to define a unique sea state for each load case. 

ProteusDS uses the ‘heading’ notation therefore, a ‘0’ degree heading represents facing in the positive 

x-axis and ‘180’ degree heading represents facing in the negative x-axis. The analysis will primarily 

focus on environmental loads in the ‘180’ degree heading (on the bow), ‘163’ degree heading on the 

portside quarter, ‘225’ degree heading on the starboard quarter and ‘270’ degree heading on the 

starboard beam sectors. These sectors were selected after being assessed to be the most exposed at 

the proposed mooring location of the barge. The barge was noted to be sheltered by Eday Pier on its 

portside beam sector and Eday Island on its aft sectors. The barge was modelled in ProteusDS with its 

local axis oriented to a heading of ‘0’ degrees. The load case definitions for the ULS condition are 

presented in Table 9 below. 

 
Figure 11 “To” Directional Notation for Environmental Parameters in ProteusDS 

 

Forward 
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Table 9 ULS Load cases – 85-meter length, 8-legged Barge Mooring Configuration 

Load 
case 

ID 

Load Case 
Description 

Current 
Speed 
(m/s) 

Current 
Direction 
(to) (Deg) 

Wind 
Speed 
(m/s) 

Wind 
Direction 
(to) (Deg) 

Wave 
Hs (m) 

Wave 
Tp (s) 

Wave 
Direction 
(to) (Deg) 

Wave Seed 

LC-01 

Collinear Head 
Wind+Wave,  

PS Beam Flood 
Current 

1.67 90 25.4 180 2.3 5.5 180 76653 

LC-02 1.67 90 25.4 180 2.3 5.5 180 66326 

LC-03 1.67 90 25.4 180 2.3 5.5 180 80197 

LC-04 1.67 90 25.4 180 2.3 6.9 180 59645 

LC-05 1.67 90 25.4 180 2.3 6.9 180 89754 

LC-06 1.67 90 25.4 180 2.3 6.9 180 63970 

LC-07 
Collinear SB 

Quarter 
Wind+Wave,  

PS Beam Flood 
Current 

1.67 90 25.4 225 2.3 5.5 225 16586 

LC-08 1.67 90 25.4 225 2.3 5.5 225 64693 

LC-09 1.67 90 25.4 225 2.3 5.5 225 8645 

LC-10 1.67 90 25.4 225 2.3 6.9 225 9023 

LC-11 1.67 90 25.4 225 2.3 6.9 225 65094 

LC-12 1.67 90 25.4 225 2.3 6.9 225 33625 

LC-13 
Collinear PS 

Quarter 
Wind+Wave,  

PS Beam Flood 
Current 

1.67 90 25.4 163 2.3 5.5 163 14493 

LC-14 1.67 90 25.4 163 2.3 5.5 163 17558 

LC-15 1.67 90 25.4 163 2.3 5.5 163 30595 

LC-16 1.67 90 25.4 163 2.3 6.9 163 69440 

LC-17 1.67 90 25.4 163 2.3 6.9 163 9620 

LC-18 1.67 90 25.4 163 2.3 6.9 163 78587 

LC-19 

Collinear SB Beam 
Wind+Wave,  

PS Beam Flood 
Current 

1.67 90 25.4 270 3.1 6.3 270 99719 

LC-20 1.67 90 25.4 270 3.1 6.3 270 29784 

LC-21 1.67 90 25.4 270 3.1 6.3 270 32576 

LC-22 1.67 90 25.4 270 3.1 8 270 92948 

LC-23 1.67 90 25.4 270 3.1 8 270 31102 

LC-24 1.67 90 25.4 270 3.1 8 270 40710 

LC-25 

Collinear SB Beam 
Wind+Wave+SB 

Beam Ebb 
Current 

0.83 270 25.4 270 3.1 6.3 270 66153 

LC-26 0.83 270 25.4 270 3.1 6.3 270 87014 

LC-27 0.83 270 25.4 270 3.1 6.3 270 30374 

LC-28 0.83 270 25.4 270 3.1 8 270 26559 

LC-29 0.83 270 25.4 270 3.1 8 270 89174 

LC-30 0.83 270 25.4 270 3.1 8 270 37572 

LC-31 

SB Beam Wave, 
SB Quarter Wind, 
PS Beam Flood 
Current 

1.67 90 25.4 225 3.1 6.3 270 49506 

LC-32 

SB Quarter Wave,  
SB Beam Wind, 
PS Beam Flood 
Current 

1.67 90 25.4 270 2.3 6.9 225 79084 
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5.4 Results – Factored Loads 
Table 10 Table of factored loads for ULS Condition – 85-meter leg configuration, 8-legged Barge Mooring Configuration  

 

Mooring Connection Point Tension (te) Anchor Connection Point Tension (te)

Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2 Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2

LC-01 109.74 63.81 83.03 93.92 96.06 64.53 86.26 105.03 72.72 40.03 57.46 65.74 68.47 46.20 61.08 74.06

LC-02 115.86 74.78 101.14 114.33 121.38 86.91 98.80 104.24 77.24 47.84 70.40 80.16 86.39 62.94 70.26 73.37

LC-03 91.72 60.77 110.75 121.61 103.39 72.96 82.88 98.51 60.30 38.05 77.29 85.57 73.60 52.80 58.78 69.96

LC-04 156.86 111.57 157.58 210.94 149.26 108.92 136.49 125.62 106.98 74.02 111.71 150.11 106.57 78.22 98.16 89.09

LC-05 136.34 117.05 162.94 244.29 159.23 263.06 153.14 142.84 89.94 77.63 115.42 174.24 113.52 188.65 110.18 102.13

LC-06 133.30 101.99 215.01 268.94 145.16 153.47 165.10 129.29 90.86 67.78 153.61 192.04 104.38 109.42 118.69 91.40

LC-07 82.83 63.01 71.76 84.28 66.83 51.25 48.70 66.98 54.44 39.47 49.14 58.87 46.97 35.47 33.02 46.60

LC-08 70.02 55.06 61.07 67.82 78.76 73.16 62.57 67.50 45.56 35.81 41.98 47.16 55.69 52.75 43.61 46.97

LC-09 82.08 59.87 54.54 77.29 69.59 52.76 52.37 60.90 53.90 37.38 36.76 54.06 49.66 37.56 36.26 41.88

LC-10 208.83 126.29 164.48 315.13 166.28 258.35 99.70 158.73 145.10 85.68 117.16 224.90 118.58 184.34 70.75 113.47

LC-11 143.15 234.03 130.93 122.04 183.88 207.95 93.72 117.08 97.90 164.22 92.63 86.21 131.04 147.96 66.67 83.38

LC-12 187.82 191.93 166.01 190.18 179.24 253.91 154.89 184.84 129.29 132.35 118.57 135.74 128.21 181.12 111.58 131.53

LC-13 100.37 61.12 96.39 115.98 98.56 98.76 96.88 125.33 65.86 39.26 65.16 80.58 70.13 71.81 69.38 89.08

LC-14 122.23 73.60 76.64 110.44 134.82 86.44 145.77 166.33 81.08 47.34 53.89 78.01 95.76 62.24 105.89 119.30

LC-15 84.87 61.11 88.93 111.62 129.54 84.12 134.52 136.91 55.57 39.66 60.35 79.02 92.18 60.52 97.92 98.21

LC-16 225.30 134.45 251.08 178.64 148.51 107.56 281.46 158.00 156.07 89.63 179.30 127.14 106.26 77.66 202.66 112.01

LC-17 225.30 134.45 251.08 255.31 209.33 111.02 385.22 168.99 156.07 89.63 179.30 183.04 149.62 79.13 277.13 120.48

LC-18 225.30 134.45 251.08 182.88 167.60 107.38 281.46 161.22 156.07 89.63 179.30 130.45 120.08 77.58 202.66 115.56

LC-19 370.31 170.04 352.29 312.34 129.81 131.48 178.54 123.05 261.77 112.85 252.48 224.33 92.74 94.72 129.46 88.24

LC-20 453.09 222.14 482.18 386.71 241.45 115.65 253.62 310.25 321.55 153.70 346.55 278.00 172.54 84.49 183.95 223.21

LC-21 420.37 181.71 466.70 320.09 231.16 121.54 185.62 148.40 298.25 125.84 334.79 229.56 166.42 87.92 134.27 106.69

LC-22 808.85 1450.21 707.26 1173.33 1123.14 679.96 1567.65 741.66 577.18 1038.18 509.77 840.29 807.61 488.62 1130.86 533.40

LC-23 759.37 1188.57 552.69 858.46 1013.97 917.56 1439.57 595.49 540.52 850.19 396.95 616.92 730.73 660.43 1039.73 427.86

LC-24 896.21 1330.39 728.60 1243.43 1157.94 1042.86 1357.99 1104.12 638.59 951.47 526.46 893.58 834.94 746.66 979.07 794.86

LC-25 699.56 483.43 647.44 734.22 352.44 177.89 796.99 342.05 501.42 347.24 465.40 529.39 252.36 126.66 571.67 243.12

LC-26 752.42 673.36 869.37 699.43 550.20 565.65 508.65 784.15 539.70 483.44 625.25 503.11 394.69 406.38 363.10 560.98

LC-27 735.17 516.75 849.81 892.65 443.49 561.85 743.43 763.04 526.66 370.82 610.74 642.13 316.90 403.70 533.70 545.92

LC-28 1423.09 1854.77 1067.65 1650.59 1501.25 1152.70 1766.44 1052.72 1022.27 1335.29 771.73 1175.29 1079.72 826.49 1270.24 754.38

LC-29 979.67 1765.57 890.91 1429.39 1205.74 915.26 1628.45 897.32 705.16 1271.50 642.06 1028.50 866.06 658.42 1170.71 643.27

LC-30 1191.18 1679.10 1053.34 1398.99 1436.23 984.82 1592.68 950.91 856.58 1209.73 759.06 1009.34 1033.40 707.76 1142.16 681.24

LC-31 464.51 318.89 675.68 712.96 257.68 212.26 434.22 354.12 330.24 224.57 484.68 510.10 184.20 152.59 314.78 254.80

LC-32 340.43 378.46 369.69 322.51 352.04 407.86 300.88 264.83 239.60 266.46 265.36 231.08 252.26 292.64 216.61 189.70

Loadcase
Loadcase 

Description

Oblique Sea 

States

Colinear Head 

Wind + Wave, 

PS Beam Flood 

Current

Colinear SB 

Quarter Wind + 

Wave, PS Beam 

Flood Current

Colinear PS 

Quarter Wind + 

Wave, PS Beam 

Flood Current

Colinear SB 

Beam Wind + 

Wave, PS Beam 

Flood Current

Colinear SB 

Beam Wind + 

Wave + Ebb 

Current
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5.5 Definition of factored load 
Table 11 Table of partial safety factors for mooring components 

Mooring Component 
ULS 

Axial  Lateral 

Mooring Line and Associated components 1.67 - 

Drag Embedment HHP Anchor 1.5 - 

Gravity Based and/or Suction Anchor 1.5 1.2 

 

The safety factors listed in Table 11 above were referenced from ISO 19901-7:2013 for deriving the factored loads for the mooring line and its associated 

components, HHP drag embedment anchor, and a gravity based or suction anchor solution for a mobile mooring. This factored load shall be compared against 

the specific component’s minimum breaking load (MBL) and deriving its utilisation. Any utilisation less than a value of 100% is assessed to be acceptable.
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5.6 Discussion on mooring load results – 85-meter leg configuration 

Load cases 22 to 24 and 28 to 30 were noted to predict extremely high mooring loads with the wind 

and wave environmental conditions acting on the barge’s starboard beam and for both flood and ebb 

flow currents. Contributing factors to these high loads are the short and taut mooring lines and the 

barge motion response in a wave sea state with a Tp of 8 seconds. The barge RAO plots in Figure 12 

below indicate that the barge is most susceptible to a greater sway motion in a sea state of 8 seconds 

Tp that is indicated by the red line. This resulted in the barge having a greater lateral (Y-axis) 

displacement than when in a sea state of 6.3 seconds Tp. This greater displacement combined with 

the short mooring lines would explain the higher loads for load cases 22 to 24 and 28 to 30. 

It shall be noted that a wave period of 8 seconds is unlikely to occur in an inshore location. Typical 

inshore waves are generally shorter periods of between 3-6 seconds and are greatly influenced by 

wind action. A wave period of 8 seconds is typically formed with influence from deep ocean swells, 

and it shall be noted that the location of the barge would unlikely be affected by swells that would 

travel from the North Sea or North Atlantic. It was assessed that the loads predicted in load cases 22 

to 24 and 28 to 30 are unrealistic and could be disregarded. 

 
(c)  

Figure 12 Barge Sway RAO 

Load cases 19 to 21 and 25 to 27 displayed high mooring loads from the wave environmental 

conditions acting on the barge’s starboard beam and with both flood and ebb flow currents. These 

loads are expected to be valid based on the shorter wave period of 6.3 seconds Tp which is more likely 

in an inshore location however the predicted loads exceed the MBL of the 76mm chain and 100mm 

chain. Load cases 25 to 27 displayed greater mooring loads as compared to load cases 19 to 21 due to 

the colinear wind, wave, and ebb tidal stream current environmental condition. It shall be noted that 

these loads reflect the energy from the wave and tidal current travelling in the same direction and is 

assessed to be a worst-case scenario. 

Further analyses were performed for selected load cases in Table 10 that displayed high predicted 

peak loads for each scenario to investigate potential load reduction solutions such as utilising longer 

135 meter mooring lines, and reduced wave sea states, to assess a feasible environmental condition 
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profile that the floating pier may be safely kept on station, and a scenario where the floating pier is 

moored in a refuge area with a typical catenary mooring configuration using an indicative mooring 

line length of 155 meters. This further analysis is described in section 6 below. 
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6. Additional Simulations 
Additional simulations were performed for load cases 10, 17, 20, and 27 from section 5.4 above that 

displayed high predicted peak loads based on the defined environmental conditions listed in Table 9. 

The following scenarios were defined for the additional simulations in ProteusDS. The load case ID 

listed in Table 12 corresponds to the number ID listed below. E.g. LC-10-2 corresponds to a 1-in-1 year 

condition with the current 85-meter leg length mooring configuration.  

1) A 1-in-10-year environmental condition whilst maintaining the current 85-meter length 

mooring configuration. 

2) A 1-in-1-year environmental condition whilst maintaining the current 85-meter length 

mooring configuration. 

3) A 1-in-25-year environmental condition with a revised mooring configuration using longer 

mooring lines of 135 meters length. 

4) A survival 1-in-25-year environmental condition with a typical 8 leg 4-point catenary mooring 

configuration using a 155-meter mooring line in approximately 15-meter water depth. 

Table 12 ULS Load cases – Additional Simulations 

ID Load Case Description 
Wind 
speed 
(m/s) 

Wind 
Heading 

to  

Wave 
Hs  

Wave 
Tp  

Wave 
Heading 
to (deg) 

Current 
Speed 
(m/s) 

Current 
Heading 
to (deg) 

(deg) (m) (s) 

LC10-1 LC-10 -10 Year Rtn, 85m Lines 25.4 225 1.9 6.3 225 1.67 90 

LC10-2 LC-10 - 1 Year Rtn, 85m Lines 25.4 225 1.2 5 225 1.67 90 

LC10-3 
LC-10 - 25 Year Rtn, 135m 
Lines 

25.4 225 2.3 6.9 225 1.67 90 

LC10-4 
LC-10 - 25 Year Rtn Survival, 
155 m Lines 

25.4 225 2.3 6.9 225 1.67 90 

LC17-1 LC-17 - 10 Year Rtn, 85m Lines 25.4 163 1.9 6.3 163 1.67 90 

LC17-2 LC-17 - 1 Year Rtn, 85m Lines 25.4 163 1.1 4.8 163 1.67 90 

LC17-3 
LC-17 - 25 Year Rtn, 135m 
Lines 

25.4 163 2.3 6.9 163 1.67 90 

LC17-4 
LC-17 - 25 Year Rtn Survival, 
155 m Lines 

25.4 163 2.3 6.9 163 1.67 90 

LC20-1 LC-20 - 10 Year Rtn, 85m Lines 25.4 270 2.8 6 270 1.67 90 

LC20-2 LC-20 - 1 Year Rtn, 85m Lines 25.4 270 2 5.1 270 1.67 90 

LC20-3 
LC-20 - 25 Year Rtn, 135m 
Lines 

25.4 270 3.1 6.3 270 1.67 90 

LC20-4 
LC-20 - 25 Year Rtn Survival, 
155 m Lines 

25.4 270 3.1 6.3 270 1.67 90 

LC27-1 LC-27 - 10 Year Rtn, 85m Lines 25.4 270 2.8 6 270 0.83 270 

LC27-2 LC-27 - 1 Year Rtn, 85m Lines 25.4 270 2 5.1 270 0.83 270 

LC27-3 
LC-27 - 25 Year Rtn, 135m 
Lines 

25.4 270 3.1 6.3 270 0.83 270 

LC27-4 
LC-27 - 25 Year Rtn Survival, 
155 m Lines 

25.4 270 3.1 6.3 270 0.83 270 
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6.1. Results – Additional Simulations 
Table 13 Table of factored loads for ULS Condition – Additional Simulations 

 

Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2 Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2

LC10-1 72.36 58.52 69.25 78.96 85.82 75.63 53.09 72.76 47.22 37.48 47.92 54.96 60.79 54.50 36.37 51.05

LC10-2 41.98 28.16 29.71 44.39 47.46 30.44 31.21 43.72 25.69 16.56 18.14 29.45 32.75 19.78 20.70 29.23

LC10-3 130.58 114.16 205.29 259.40 222.76 123.95 101.80 157.65 88.78 75.76 144.11 185.60 158.34 85.44 71.77 114.07

LC10-4 80.64 70.21 54.11 63.79 125.12 114.09 51.60 95.74 47.59 38.84 28.92 37.92 88.68 81.29 32.47 66.67

LC17-1 126.64 73.16 417.37 160.67 212.59 91.75 122.11 144.17 86.11 48.70 299.06 113.88 151.62 66.68 87.62 103.10

LC17-2 42.90 28.96 34.95 49.73 51.37 34.74 37.79 51.62 27.11 17.32 21.73 31.87 35.42 22.20 24.67 34.66

LC17-3 122.34 67.60 91.08 191.57 140.91 69.71 113.49 105.43 78.23 39.12 57.28 133.34 96.08 43.64 80.33 74.03

LC17-4 61.82 42.00 57.18 70.37 96.09 79.22 62.49 74.77 36.12 21.25 31.54 42.62 66.20 54.66 40.10 47.34

LC20-1 260.20 166.80 323.01 387.71 137.36 92.72 121.91 190.61 181.98 114.30 231.96 278.17 98.04 66.43 88.64 137.16

LC20-2 51.70 38.68 46.66 62.31 59.84 40.00 41.77 52.39 33.01 23.35 29.84 43.15 40.75 27.53 27.96 35.77

LC20-3 98.55 76.19 116.87 172.43 164.75 62.12 92.42 76.35 63.18 47.30 81.22 122.42 114.13 39.01 65.92 53.54

LC20-4 73.96 81.55 68.99 94.66 69.62 58.75 58.68 73.40 42.40 47.08 38.14 57.91 46.51 38.09 37.33 48.58

LC27-1 619.09 610.60 755.76 847.84 431.49 813.16 729.46 685.03 442.97 438.23 543.59 606.28 308.45 583.20 523.44 489.28

LC27-2 181.91 179.31 154.17 201.99 155.86 93.45 178.56 123.16 128.96 127.94 110.98 144.41 110.89 65.17 125.10 84.88

LC27-3 555.02 388.39 784.15 642.87 562.46 313.26 423.65 400.42 398.54 280.70 564.56 463.81 405.48 225.74 299.18 283.44

LC27-4 281.24 308.60 284.47 277.34 214.08 150.87 84.59 117.74 198.04 219.43 203.94 197.45 146.50 99.97 52.16 77.29

Loadcase
Mooring Connection Point Tension (te) Anchor Connection Point Tension (te)
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6.2. Comparative Tables of Mooring Loads for Additional Simulations 

Table 14 % Change in Factored Loads – LC-10 

 

Table 15 % Change in Factored Loads – LC-17 

 

Table 14 and Table 15 show that a 1-in-10-year storm condition predicted minimum reductions in load of 87.79% and 17.21% for LC-10-1 - starboard 

quartering case and LC-17-1 - portside quartering case respectively. The results for a 1-in-1 year storm condition showed greater load reductions of a 

minimum of 219% which presents an ideal scenario however, the loads displayed in a 1-in-10-year storm condition were still within the capacities of the 

76mm and 100mm chain. LC10-3 and LC17-3 which defines a 1-in-25-year environmental condition on the quartering sectors on the barge using the 135-

meter mooring length configuration displayed significant load reductions of 239% which is similar to the load reduction performance to a 1-in-1-year 

environmental condition with the shorter 85-meter length configuration. It was assessed that a 1-in-25-year wave return period using the longer 135-

meter length configuration shall be selected. 

Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2 Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2

LC-10 208.83 126.29 164.48 315.13 166.28 258.35 99.70 158.73 145.10 85.68 117.16 224.90 118.58 184.34 70.75 113.47

LC10-1 72.36 58.52 69.25 78.96 85.82 75.63 53.09 72.76 47.22 37.48 47.92 54.96 60.79 54.50 36.37 51.05

% Change -188.60 -115.81 -137.50 -299.11 -93.75 -241.58 -87.79 -118.15 -207.29 -128.63 -144.50 -309.21 -95.07 -238.22 -94.52 -122.28

LC10-2 41.98 28.16 29.71 44.39 47.46 30.44 31.21 43.72 25.69 16.56 18.14 29.45 32.75 19.78 20.70 29.23

% Change -397.41 -348.52 -453.63 -609.93 -250.35 -748.60 -219.42 -263.06 -464.78 -417.39 -545.70 -663.73 -262.11 -832.16 -241.80 -288.18

LC10-3 130.58 114.16 205.29 259.40 222.76 123.95 101.80 157.65 88.78 75.76 144.11 185.60 158.34 85.44 71.77 114.07

% Change -59.93 -10.62 19.88 -21.48 25.35 -108.43 2.07 -0.69 -63.45 -13.10 18.70 -21.17 25.11 -115.76 1.42 0.53

LC10-4 80.64 70.21 54.11 63.79 125.12 114.09 51.60 95.74 47.59 38.84 28.92 37.92 88.68 81.29 32.47 66.67

% Change -158.96 -79.88 -203.98 -393.98 -32.90 -126.43 -93.20 -65.79 -204.89 -120.57 -305.10 -493.10 -33.72 -126.78 -117.89 -70.19

Loadcase
Mooring Connection Point Tension (te) Anchor Connection Point Tension (te)

Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2 Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2

LC-17 225.30 134.45 251.08 255.31 209.33 111.02 385.22 168.99 156.07 89.63 179.30 183.04 149.62 79.13 277.13 120.48

LC17-1 126.64 73.16 417.37 160.67 212.59 91.75 122.11 144.17 86.11 48.70 299.06 113.88 151.62 66.68 87.62 103.10

% Change -77.91 -83.77 39.84 -58.90 1.53 -21.00 -215.47 -17.21 -81.24 -84.06 40.04 -60.73 1.32 -18.66 -216.27 -16.85

LC17-2 42.90 28.96 34.95 49.73 51.37 34.74 37.79 51.62 27.11 17.32 21.73 31.87 35.42 22.20 24.67 34.66

% Change -425.15 -364.30 -618.35 -413.36 -307.51 -219.62 -919.31 -227.37 -475.74 -417.60 -725.07 -474.28 -322.36 -256.43 -1023.25 -247.65

LC17-3 122.34 67.60 91.08 191.57 140.91 69.71 113.49 105.43 78.23 39.12 57.28 133.34 96.08 43.64 80.33 74.03

% Change -84.15 -98.89 -175.67 -33.28 -48.55 -59.27 -239.42 -60.29 -99.51 -129.11 -213.05 -37.27 -55.71 -81.30 -245.00 -62.75

LC17-4 61.82 42.00 57.18 70.37 96.09 79.22 62.49 74.77 36.12 21.25 31.54 42.62 66.20 54.66 40.10 47.34

% Change -264.42 -220.12 -339.11 -262.79 -117.85 -40.13 -516.44 -126.02 -332.09 -321.74 -468.57 -329.42 -125.99 -44.76 -591.02 -154.50

Loadcase
Mooring Connection Point Tension (te) Anchor Connection Point Tension (te)
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Table 16 % Change in Factored Loads – LC-20 

 

Table 17 % Change in Factored Loads – LC-27 

 

Table 17 show the predicted factored loads for load case 27 in the worst-case environmental condition with a colinear wind, wave, and ebb tidal stream 

current on the barge’s starboard beam and shall be the focus in this analysis. The factored loads for LC27-1 with a 1-in-10-year storm condition were 

noted to be still high and exceeds the MBL of the 76mm chain despite experiencing a reduction in loads from the initial load case of a 1-in-25-year storm 

condition. LC27-2 which describes the 1-in-1 year storm condition with a 2-meter wave Hs displayed greater load reductions with a minimum percentage 

change of 184.54% and 185.77% for the mooring connection point and anchor point, respectively.  Further analyses specifically for load case 27 shall be 

performed and is presented in section 6.3 below.

Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2 Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2

LC-20 453.09 222.14 482.18 386.71 241.45 115.65 253.62 310.25 321.55 153.70 346.55 278.00 172.54 84.49 183.95 223.21

LC20-1 260.20 166.80 323.01 387.71 137.36 92.72 121.91 190.61 181.98 114.30 231.96 278.17 98.04 66.43 88.64 137.16

% Change -74.13 -33.18 -49.28 0.26 -75.78 -24.73 -108.04 -62.77 -76.70 -34.47 -49.40 0.06 -75.99 -27.19 -107.51 -62.74

LC20-2 51.70 38.68 46.66 62.31 59.84 40.00 41.77 52.39 33.01 23.35 29.84 43.15 40.75 27.53 27.96 35.77

% Change -776.32 -474.35 -933.39 -520.64 -303.52 -189.14 -507.24 -492.22 -874.05 -558.17 -1061.20 -544.24 -323.38 -206.93 -557.90 -523.99

LC20-3 98.55 76.19 116.87 172.43 164.75 62.12 92.42 76.35 63.18 47.30 81.22 122.42 114.13 39.01 65.92 53.54

% Change -359.77 -191.58 -312.59 -124.27 -46.56 -86.16 -174.43 -306.34 -408.95 -224.91 -326.70 -127.08 -51.17 -116.58 -179.06 -316.88

LC20-4 73.96 81.55 68.99 94.66 69.62 58.75 58.68 73.40 42.40 47.08 38.14 57.91 46.51 38.09 37.33 48.58

% Change -512.58 -172.41 -598.93 -308.54 -246.80 -96.84 -332.19 -322.71 -658.45 -226.48 -808.72 -380.05 -270.95 -121.83 -392.74 -359.51

Loadcase
Mooring Connection Point Tension (te) Anchor Connection Point Tension (te)

Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2 Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2

LC-27 735.17 516.75 849.81 892.65 443.49 561.85 743.43 763.04 526.66 370.82 610.74 642.13 316.90 403.70 533.70 545.92

LC27-1 619.09 610.60 755.76 847.84 431.49 813.16 729.46 685.03 442.97 438.23 543.59 606.28 308.45 583.20 523.44 489.28

% Change -18.75 15.37 -12.45 -5.28 -2.78 30.90 -1.92 -11.39 -18.89 15.38 -12.35 -5.91 -2.74 30.78 -1.96 -11.58

LC27-2 181.91 179.31 154.17 201.99 155.86 93.45 178.56 123.16 128.96 127.94 110.98 144.41 110.89 65.17 125.10 84.88

% Change -304.13 -188.19 -451.20 -341.93 -184.54 -501.22 -316.36 -519.54 -308.37 -189.83 -450.34 -344.67 -185.77 -519.44 -326.62 -543.19

LC27-3 555.02 388.39 784.15 642.87 562.46 313.26 423.65 400.42 398.54 280.70 564.56 463.81 405.48 225.74 299.18 283.44

% Change -32.46 -33.05 -8.37 -38.85 21.15 -79.36 -75.48 -90.56 -32.15 -32.10 -8.18 -38.45 21.85 -78.83 -78.39 -92.60

LC27-4 281.24 308.60 284.47 277.34 214.08 150.87 84.59 117.74 198.04 219.43 203.94 197.45 146.50 99.97 52.16 77.29

% Change -161.40 -67.45 -198.74 -221.86 -107.16 -272.42 -778.91 -548.10 -165.94 -68.99 -199.47 -225.22 -116.32 -303.82 -923.12 -606.30

Loadcase
Mooring Connection Point Tension (te) Anchor Connection Point Tension (te)
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6.3. Further simulations for Load Case 27 

Following the additional simulations phase above, a further mooring assessment specifically for load 

case 27 with the 135-meter mooring line was undertaken using wave sea states of different wave 

return periods and an operational sea state. Table 18 below shows the sea state definitions for the 

specific additional mooring analyses for load case 27. 

Table 18 Additional load cases for load case 27 

 
 

Table 19 Table of comparison LC-27 

 

Wind 

Heading 

to 

Wave Hs Wave Tp 

(deg) (m) (s)

LC-27-Op LC27 - Operational Ebb 15.4 270 1.5 4.4 270 0.46 270

LC-27-10yrLL LC-27 - 10 Year Rtn with 135m Lines 25.4 270 2.8 6 270 0.83 270

LC-27-1yrLL LC-27 - 1 Year Rtn with 135m Lines 25.4 270 2 5.1 270 0.83 270

Current 

Heading 

to (deg)

ID Load Case Description

Wind 

speed 

(m/s)

Wave 

Heading 

to (deg)

Current 

Speed 

(m/s)

Fwd SB 2 Fwd SB 2 Aft SB 2 Aft SB 2

Mooring 

Connection
Anchor

Mooring 

Connection
Anchor

LC-27-25yr 85m Lines 516.75 370.82 892.65 642.13

LC27-25yr 135m Lines 388.39 280.70 642.87 463.81

Fwd SB 1 Fwd SB 1 Aft SB 2 Aft SB 2

Mooring 

Connection
Anchor

Mooring 

Connection
Anchor

LC27-25yr 135m Lines 388.39 280.70 642.87 463.81

LC27-10yr 135m Lines 284.63 202.98 455.48 329.56

LC-27-1yr 135m Lines 156.56 110.83 293.09 210.16

Fwd SB 1 Fwd SB 1 Aft SB 2 Aft SB 2

Mooring 

Connection
Anchor

Mooring 

Connection
Anchor

LC-27- Operation 

135m Lines
19.84 15.14 35.33 28.05

Fwd SB 1 Fwd SB 1 Aft SB 2 Aft SB 2

Mooring 

Connection
Anchor

Mooring 

Connection
Anchor

LC-27-25yr Survival 

155m Lines
308.60 219.43 277.34 197.45

Worst Case Loads - 

Forward Line (te)

Worst Case Loads - Aft 

Line (te)

Loadcase

Worst Case Loads - Worst Case Loads - Aft 

135 meter Line - On Station

155 meter Leg Length - Refuge Area

Worst Case Loads - 

Forward Line (te)

Worst Case Loads - Aft 

Line (te)

85m Line v 135m Line - On Station

Worst Case Loads for Forward and Aft Lines

Worst Case Loads - Aft Worst Case Loads - 

Loadcase

135 meter Line - On Station

Loadcase

Loadcase
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Table 19 above describes the significant load reductions that were observed at both the mooring 

connection and anchor connection points with the use of longer 135-meter lines compared to the 

initial 85-meter mooring leg configuration for selected worst-case lines. The loads displayed for a 1-

in-25-year environmental condition with the 135-meter mooring line configuration were noted to be 

still high and exceeds the MBL of the specified mooring components. Further load reductions were 

observed when using the 135-meter mooring leg length configuration with the reduced 1-in-10 year 

and 1-in-1 year sea states when compared to the loads with the 1-in-25-year environmental condition. 

The worst-case loads on the anchor connection point for the 1-in-1-year environmental condition was 

assessed to have the best performance for a reasonably sized anchor. The full load summary table for 

this additional analysis is found in Appendix A – Load Summary – LC27 – Additional Load Cases below. 

This would indicate that that a specified wave environmental limit for each sector and a mooring make 

up of at least 135-meter length mooring lines be selected.  

If forecasted weather indicates that the weather limits may be exceeded, it is suggested that the barge 

should not be kept on station and should either be towed further away from the shore where longer 

mooring lines could be employed to improve load sharing performance or the barge being taken off 

its moorings and towed to a refuge area or berthed alongside a sheltered location. It shall be noted 

that a 1-in-1 year storm condition with a 2-meter wave Hs on the barge’s beam may be considered 

conservative as compared to the likely expected wind induced wave condition on location. The 

manually derived wave Hs based on a 1-in-20-year wind speed and the measured fetch distance of 

4.1km shown in Figure 13 below from the 120-degree sector estimates a wave Hs of 1.26 meters with 

a wave Tp of 3.34 seconds. 

 
Figure 13 Fetch distance – 4.1km in SB Beam sector 
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6.4. Indicative mooring components for the barge 

Table 20 Utilisation of proposed mooring components 

 

***The holding power of the chain clump weights for item 1 includes the assumed frictional coefficient 

of 0.65 factored for chain on a rocky surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Item 

No.

Mooring 

Component
Description Length Grade

MBL / 

Holding 

Power 

(te)

Factored 

Load (te)

Utilisation 

(%)

1
Forward Line 

Anchors

175te Chain Clump 

Weight
- - 113.75 110.83 97.43

2 Aft Line Anchors
300te Capacity Rock 

Anchor
- - 300 210.16 70.05

3 Ground Chain
76mm ø Studlink 

Chain
65 U3 437.8 293.09 66.95

4 Heavy Ground Chain
100mm ø Studlink 

Chain
60 U3 719.6 293.09 40.73

5 Chain Riser
76mm ø Studlink 

Chain
10 U3 437.8 293.09 66.95
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7. Conclusion of Analyses  
Load cases 22 to 24 and 28 to 30 with wave conditions of 8 seconds Tp on the barge’s starboard beam 

were noted to predict extremely high mooring loads and was assessed to be unlikely and could be 

disregarded. It was noted that a wave period of 8 seconds is unlikely to occur in an inshore location as 

typical inshore waves are generally shorter periods of between 3-6 seconds and are greatly influenced 

by wind action. A wave period of 8 seconds is typically formed with influence from deep ocean swells, 

and it shall be noted that the location of the barge would unlikely be affected by swells that would 

travel from the North Sea or North Atlantic.  

Further mooring analyses were performed for load cases 10, 17, 20, and 27 for the quartering and 

beam sectors using reduced sea state conditions of a 1-in-10 year and 1-in-1 year storm condition, a 

revised mooring configuration using longer mooring leg lengths of 135 meters and a typical 4-point 

mooring configuration using a 155 meter mooring line in deeper water. It was noted that load 

reductions were observed for the above-mentioned scenarios in all additional load cases. The 

minimum load reductions for LC10-1 and LC17-1 in a 1-in-10-year condition were 87.79% and 17.21% 

respectively and the minimum load reduction in a 1-in-1 year condition was 219%. The minimum load 

reductions for LC20-1 and LC27-1 in a 1-in-10-year condition were 24.73% and 1.92% respectively and 

the minimum load reduction in a 1-in-1 year condition was 189.14% and 184.54% respectively. 

The factored loads displayed for LC27 in the abovementioned additional load cases were assessed as 

the worst-case scenario and was the focus in this analysis to derive the appropriate mooring 

components. A further mooring assessment specifically for load case 27 with the 135-meter mooring 

leg length configuration was undertaken with wave sea states of different wave return periods and an 

operational sea state defined. 

Based on the loads identified in this analysis, it is proposed that a mooring arrangement incorporating 

longer mooring lines be adopted. Additionally, the system should include a quick-release mechanism 

to enable the floating pier to be towed to a designated refuge area should forecasted weather 

conditions exceed operational limits. Note that the wave conditions used in the analysis are on the 

conservative side, given that the data source is from a more exposed area to the south of Eday 

The proposed mooring components for the barge listed in Table 20 show that the component 

utilisations with the factored loads in an extreme 1 in 1 year wave state of 2 meters Hs on the 

starboard beam do not exceed 100% and therefore are assessed to be adequate.  
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8. Appendix A – Load Summary – LC27 – Additional Load Cases  

 

Table 21 Load Summary – LC27 - Additional Load Cases 

 

Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2 Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2

LC-27-25yr 85m Lines 735.17 516.75 849.81 892.65 443.49 561.85 743.43 763.04 526.66 370.82 610.74 642.13 316.90 403.70 533.70 545.92

LC27-25yr 135m Lines 555.02 388.39 784.15 642.87 562.46 313.26 423.65 400.42 398.54 280.70 564.56 463.81 405.48 225.74 299.18 283.44

Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2 Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2

LC27-25yr 135m Lines 555.02 388.39 784.15 642.87 562.46 313.26 423.65 400.42 398.54 280.70 564.56 463.81 405.48 225.74 299.18 283.44

LC27-10yr 135m Lines 379.17 284.63 454.09 455.48 357.43 194.82 280.18 252.27 271.15 202.98 327.70 329.56 255.79 139.07 196.22 172.68

LC-27-1yr 135m Lines 146.02 156.56 141.01 293.09 209.65 71.28 142.90 118.05 103.26 110.83 103.99 210.16 146.21 44.58 98.72 81.18

LC-27- Operation 

135m Lines
26.66 19.84 17.60 35.33 30.25 14.01 16.83 23.86 21.94 15.14 14.90 28.05 23.45 14.90 15.14 20.10

Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2 Fwd SB 2 Fwd SB 1 Aft SB 1 Aft SB 2 Aft PS 2 Aft PS 1 Fwd PS 1 Fwd PS 2

LC-27-25yr Survival 

155m Lines
281.24 308.60 284.47 277.34 214.08 150.87 84.59 117.74 198.04 219.43 203.94 197.45 146.50 99.97 52.16 77.29

Anchor Connection Point Tension (te)

135 meter Line - On Station

155 meter Leg Length - Refuge Area

Anchor Connection Point Tension (te)

Loadcase
Mooring Connection Point Tension (te) Anchor Connection Point Tension (te)

Loadcase
Mooring Connection Point Tension (te)

Loadcase
Mooring Connection Point Tension (te)

85m Line v 135m Line - On Station




