
Welcome to Day 2 

The VMEA Framework in Practice



Day 2 Agenda

Day 2: 08:00-12:30

08:00 Arrival 

08:30 Review of day 1 

08:45 Case study: Moorings and foundations 

09:30 Coffee break 

10:00 Case study: Structural component

11:00 Case study: Electrical component 

12:00 Summary of Key learning points
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Case Study: Moorings and foundations

Andy Shanks, Project Manager

EMEC
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EMEC within RiaSoR

EMEC focussed on the connection of a device to the 

seabed ïwhy?

ÅA common feature to every developer on every site

ÅOften not core to a developers business

ÅA significant part of the cost of a project

ÅAn area that non-developers can help in progressing 

and refining



A range of styles and 

approaches previously 

used at EMEC

Foundations for Marine          

Energy Converters

Monopile

Piled TripodGravity Tripod



There is a general move within the 

testing underway at EMEC, away 

from devices fixed to solid 

foundations, and towards floating 

devices with moorings.

EMEC case study within RiaSoR

focuses on moorings

A Focus on moorings



ÅMany different styles and 

compositions, suited to different 

application and seabed types

ÅEMEC have seen both various 

systems used

ÅCatalogue of mooring types 

created as part of RiaSOR

Types of moorings



Mooring design process



Mooring design uncertainty

Uncertainties at each step of the design process

complex and aggressive environments; difficult to 

measure, and then model accurately

Very variable conditions within deployment sites 

introduces risk of under or over estimation of forces

New techniques and materials being used, so no data 

available on rates of wear



ÅA high level of uncertainty, leads to high safety 

factors and over-specified designs

ÅEMEC intend to develop the understanding of the 

uncertainties by relating it them to their contribution 

to the overall safety factor

ÅScope for reducing uncertainties and costs through 

testing and measuring programmes ïguided by 

VMEA analysis

The ñSafety Factor Issueò



VMEA - a range of solutions



Pelamis Case Study

PelamisP2001 device, in position at EMEC test site



Pelamis moorings

Thebulk of the PelamisP2001mooringsystemwascomprisedof anά!ŘƳƛǊŀƭǘȅ
type mooringǇŀǘǘŜǊƴέΣusing drag/embedmentanchors,ground chain, and
(not shown)clumpweights



Pelamis moorings

The connection between the ground 
chain and the device was formed using 
several bespoke items including chain 
hooks, tethers, and a midwater buoy 
that combined mechanical with 
electrical connections, as well as some 
more standard components and 
shackles. 

This case study focussed on investigating 
the more unique sections, as they were 
comparatively unproven in the sector, 
leading to greater uncertainty as to their 
wear rates, and life expectancy



ÅThe uncertainty within 

the wear rate of the 

tether is only one 

variable in a larger array 

of unknowns, which is 

the building blocks of 

the basic VMEA

Pelamis uncertainties



Basic VMEA (1)

Example of Basic VMEA upon Pelamismoorings

Modelling uncertainties Sensitivity Uncertainty Uncertainty VRPN Proportion

Model detail of device 5 6 30 900 7

Model detail of mooring/foundation 3 6 18 324 2

Accuracy of modelling environmental data - wave 7 6 42 1764 13

Accuracy of modelling environmental data - wind 2 4 8 64 0

Accuracy of modelling environmental data - tide 3 5 15 225 2

Seabed conditions, and seabed stability 4 3 12 144 1

Design uncertainties

Interation between moorings/foundation and 

seabed 4 8 32 1024 8

Ultimate loads seen by device (100 year storm) 5 8 40 1600 12

Fatigue loads seen by device (20 year working 

life at rated power) 5 9 45 2025 15

Measured metocean data not representative due 

to short sample period 1 5 5 25 0

Measured metocean data not representative due 

to distance from final site 4 7 28 784 6

In operation uncertainties

Failure rate of surface connections and midwater 

shackles 6 7 42 1764 13

Failure rate of long term mooring shackles on 

seabed 2 7 14 196 1

Failure rate of bespoke tethers 7 7 49 2401 18

380 13240 100

Input Results



Modelling uncertainties Sensitivity Uncertainty Uncertainty VRPN Proportion

Model detail of device 5 6 30 900 7

Model detail of mooring/foundation 3 6 18 324 2

Accuracy of modelling environmental data - wave 7 6 42 1764 13

Accuracy of modelling environmental data - wind 2 4 8 64 0

Accuracy of modelling environmental data - tide 3 5 15 225 2

Seabed conditions, and seabed stability 4 3 12 144 1

Design uncertainties

Interation between moorings/foundation and 

seabed 4 8 32 1024 8

Ultimate loads seen by device (100 year storm) 5 8 40 1600 12

Fatigue loads seen by device (20 year working 

life at rated power) 5 9 45 2025 15

Measured metocean data not representative due 

to short sample period 1 5 5 25 0

Measured metocean data not representative due 

to distance from final site 4 7 28 784 6

In operation uncertainties

Failure rate of surface connections and midwater 

shackles 6 7 42 1764 13

Failure rate of long term mooring shackles on 

seabed 2 7 14 196 1

Failure rate of bespoke tethers 7 7 49 2401 18

380 13240 100

Input Results

Basic VMEA (2)

Explanation of Basic VMEA inputs

The level of impact on 
safety factor that each 
line item has.

The uncertainty in 
measurement/modelling of 
each line item



Modelling uncertainties Sensitivity Uncertainty Uncertainty VRPN Proportion

Model detail of device 5 6 30 900 7

Model detail of mooring/foundation 3 6 18 324 2

Accuracy of modelling environmental data - wave 7 6 42 1764 13

Accuracy of modelling environmental data - wind 2 4 8 64 0

Accuracy of modelling environmental data - tide 3 5 15 225 2

Seabed conditions, and seabed stability 4 3 12 144 1

Design uncertainties

Interation between moorings/foundation and 

seabed 4 8 32 1024 8

Ultimate loads seen by device (100 year storm) 5 8 40 1600 12

Fatigue loads seen by device (20 year working 

life at rated power) 5 9 45 2025 15

Measured metocean data not representative due 

to short sample period 1 5 5 25 0

Measured metocean data not representative due 

to distance from final site 4 7 28 784 6

In operation uncertainties

Failure rate of surface connections and midwater 

shackles 6 7 42 1764 13

Failure rate of long term mooring shackles on 

seabed 2 7 14 196 1

Failure rate of bespoke tethers 7 7 49 2401 18

380 13240 100

Input Results

Basic VMEA (3)

Explanation of Basic VMEA outputs

The combination of the 
input sensitivity and the 
input uncertainty. Gives a 
weighted uncertainty, 
showing how important it 
is to the overall design

Second order 
weighting

The percentage of the 
total uncertainty that 
each line item represents.



Basic VMEA (4)

Proportion of Variation
Accuracy of modelling
environmental data - wave

Interation between
moorings/foundation and
seabed
Ultimate loads seen by device
(100 year storm)

Fatigue loads seen by device
(20 year working life at rated
power)
Failure rate of surface
connections and midwater
shackles
Failure rate of bespoke
tethers



Basic VMEA (5)

Proportion of Variation
Accuracy of modelling
environmental data - wave

Interation between
moorings/foundation and
seabed
Ultimate loads seen by device
(100 year storm)

Fatigue loads seen by device
(20 year working life at rated
power)
Failure rate of surface
connections and midwater
shackles
Failure rate of bespoke
tethers



Modelling uncertainties Sensitivity Uncertainty Uncertainty VRPN Proportion

Model detail of device 5 6 30 900 7

Model detail of mooring/foundation 3 6 18 324 2

Accuracy of modelling environmental data - wave 7 6 42 1764 13

Accuracy of modelling environmental data - wind 2 4 8 64 0

Accuracy of modelling environmental data - tide 3 5 15 225 2

Seabed conditions, and seabed stability 4 3 12 144 1

Design uncertainties

Interation between moorings/foundation and 

seabed 4 8 32 1024 8

Ultimate loads seen by device (100 year storm) 5 8 40 1600 12

Fatigue loads seen by device (20 year working 

life at rated power) 5 9 45 2025 15

Measured metocean data not representative due 

to short sample period 1 5 5 25 0

Measured metocean data not representative due 

to distance from final site 4 7 28 784 6

In operation uncertainties

Failure rate of surface connections and midwater 

shackles 6 7 42 1764 13

Failure rate of long term mooring shackles on 

seabed 2 7 14 196 1

Failure rate of bespoke tethers 7 7 49 2401 18

380 13240 100

Input Results

Basic VMEA (6)

Reducing uncertainty through break testing of decommissioned moorings

Chosen improvement areas: Condition monitoring of deployed moorings, with a 
focus on bespoke tethers, surface connections, and midwater shackles



Case Study results

Tethers and shackles out for detailed investigation, 

leading to a final break test ïresults to follow!



Further work

Moving from basic VMEA towards 

probabilistic VMEA

Detailed dissection of a design process extracting 

actual safety factors

Not captured within RiaSoR, but included in the scope 

of work for RiaSoR 2



Beehive! Discussé

What do you think are the main 
reliability issues for moorings?

Which areas would you like to 
see more work done on?


