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Executive Summary 
Work Package 3 (WP3) of IEA Wind Task 49 focuses on identifying and mitigating array-level 

risks in floating offshore wind (FOW). Building on the failure risk evaluation conducted 

previously in WP3 [1], this report presents a structured risk mitigation assessment for the 46 

farm-level failure modes previously identified across five major subsystems: Tower, Transition 

Piece, Floater, Mooring System, and Dynamic Cable. These failure modes were selected because 

they have the potential to propagate across multiple turbines, affect shared infrastructure, or cause 

cascading failures at array scale. 

A harmonised expert-elicitation methodology was developed to evaluate predefined and 

expert-added mitigation options using four criteria: Effectiveness, Technology Readiness Level 

(TRL), Cost Impact, and Array Scalability. Experts provided weighted scores and optional 

qualitative inputs, including references to standards, design considerations, and monitoring 

practices. The weighted-score framework ensures comparability across subsystems and provides 

a transparent basis for prioritising mitigation strategies. The results will directly support the 

development of the open-access FMEA database. 

Key Findings 

Cross-subsystem convergence on modelling and environmental data High-fidelity coupled 

aero-hydro-servo-elastic simulation was consistently selected across Tower, TP, Floater, and 

Mooring System. Experts emphasised that many high-risk failure modes stem from insufficient 

modelling fidelity, incomplete load cases, or uncertainty in metocean conditions, including 

climate-change-driven extremes. 

Monitoring technologies are central to mitigation Structural Health Monitoring (SHM), tension 

monitoring, DTS/RTTR, and dynamic response monitoring were widely selected. These 

approaches are scalable and essential for early detection of degradation, particularly for 

fatigue-driven modes in moorings and dynamic cables. 

QA/QC issues are systemic across subsystems Welding quality, cable termination QA, splice 

workmanship, and installation procedures were repeatedly identified as contributors to failure. 

Several mitigation options emphasised improved QA/QC, enhanced inspection, and standardised 

installation practices. 

Design-basis expansion is a recurring mitigation theme Extreme storms, seismic loads, 

combined hazards, and under-designed components appear across TP, Floater, and Mooring 

System. Experts highlighted the need for updated design load cases and improved environmental 

data acquisition. 

Dynamic Cable remains the most challenging subsystem Although many cable failure modes 

received mitigation inputs, several modes still lack mature or scalable mitigation solutions. Cable 

behaviour is highly sensitive to floater motions and mooring stiffness, reinforcing the need for 

integrated system-level design. 
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Limitations and Data Gaps 

• Limited number of experts (four), though highly specialised. 

• Several Dynamic Cable failure modes received incomplete scoring. 

• No KPI inputs were provided, indicating a need for clearer guidance and standardisation. 

• Some failure-mode descriptions require refinement to avoid ambiguity. 

• TRL and cost scoring varied across subsystems, reflecting differing levels of familiarity. 

Next Steps 

The results of this report will be incorporated into the open-access FMEA database, providing a 

structured repository of mitigation options, weighted scores, and expert commentary. This 

database will support transparent risk communication, inform design and certification processes, 

and guide future research priorities within Task 49 and the broader FOW community. 
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1. Introduction  
International Energy Agency (IEA) Wind Task 49 on the Integrated Design of Floating Wind 

Arrays is an international collaboration aimed at accelerating the development of commercial-scale 

floating offshore wind farms. As the sector transitions from prototype deployments to large-scale 

arrays, the industry faces new technical and operational challenges that extend beyond individual 

turbines. These challenges include mooring and anchoring design, array layout optimisation, 

installation and maintenance logistics, environmental and spatial-planning constraints, and the 

need for robust failure-risk assessment methods suitable for utility-scale floating wind projects. 

Task 49 is designed to address these challenges by developing open-access reference information, 

tools, and methodologies. The task provides baseline resources for the research and development 

community, including reference site conditions, array designs, an array-level risk-assessment 

framework, and a register of key research questions. Participants include developers, technology 

providers, universities, consultancies, regulators, and research institutions from 12 countries, 

enabling a broad and representative perspective on the needs of the emerging floating wind 

industry. 

Within this framework, Work Package 3 (WP3) focuses on identifying array-level failure risks, 

characterizing their potential interactions and consequences, and developing strategies to mitigate 

them. WP3 consists of three sequential activities: 

• Survey of failure modes – developing a high-level list of failure modes and associated 

failure mechanisms applicable to floating wind arrays 

• Evaluation of failure consequences and couplings – mapping failure effects and follow-on 

risks to characterize array-level failure risk priorities in a general sense 

• Mitigation strategies – proposing approaches to mitigate failure risks according to the 

developed prioritizations and expert elicitation on priorities and strategies. 

The findings of the first two activities are contained in the first report from WP3: Failure Risk 

Evaluation of Floating Offshore Wind Turbines with Farm-Level Implications [1]. For the final 

WP3 deliverable, this report presents the results of the mitigation strategies assessment for failure 

modes with potential farm-level impacts.  

The importance of advancing mitigation strategies for floating offshore wind (FOW) risks is 

widely recognised in both industry guidance and academic research. Previous risk assessment 

studies highlight that several high-risk failure modes currently rely on conservative assumptions, 

and that early mitigation planning is critical to reducing lifecycle risk and preventing cost 

escalation in commercial-scale projects [2]. Similarly, inadequate mitigation can significantly 

increase downtime, repair costs, and the likelihood of cascading failures across floating wind 

arrays, particularly for dynamic cables and mooring systems where monitoring and intervention 

remain challenging [3], [4]. Identifying effective failure risk mitigation options and addressing 

mitigation gaps is therefore a central objective of this report. 
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1.1. Background and Context 

The WP3 failure risk evaluation report [1] identified 120 failure modes across five major 

subsystems: Tower, Transition Piece, Floater, Mooring System and Dynamic Cable. It used a 

Failure Mode and Effects Analysis (FMEA) approach, where each failure mode was evaluated 

using three qualitative criteria:  

• Occurrence: The likelihood or frequency of the failure mode. Experts considered design 

assumptions, environmental conditions, operational history, and known degradation 

mechanisms. 

• Detectability: The ability to detect the failure mode before it leads to a critical event. This 

included monitoring system capability, inspection feasibility, and early-warning indicators. 

• Severity: The potential impact of the failure mode (the average of impact categories, 

including human safety risk, environmental risk and economic/operational impact). 

These three criteria were combined to derive a Risk Priority Number (RPN) for each failure mode, 

providing a structured basis for comparing and prioritizing risks across subsystems. The analysis 

was conducted through literature review, expert workshops, and structured scoring. The 

methodology and key findings have also been published in Energy Reports (2026) [3].  

A concise narrative summary of the most critical failure modes is provided below. 

Tower 

The tower subsystem is dominated by fatigue-driven structural failures, including cracking at 

welds, hotspots, and areas of stress concentration. Extreme wind and wave loading, blade–tower 

interaction, and local buckling under combined loading were identified as key risks. Secondary 

modes include corrosion, access system failures, and internal component degradation. Many tower 

failures have clear pathways to turbine downtime and safety concerns. 

Transition Piece (TP) 

The transition piece exhibits a mix of structural and interface-related failures, including grout 

degradation, weld fatigue, misalignment, and coating/CP system failures. Installation defects and 

tolerance issues were highlighted as recurring contributors. Several TP failures can propagate to 

tower or mooring loads, making them relevant for array-level risk. 

Floater 

Floater failure modes reflect the complexity of hydrodynamic and structural interactions. Key risks 

include global stability loss, excessive motions, slamming loads, structural fatigue at braces and 

joints, VIM-induced damage, and ballast system failures. Many of these modes influence mooring 

loads and dynamic cable behaviour, creating strong subsystem coupling. 
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Mooring System 

The mooring subsystem is characterised by fatigue, extreme loading, and wear mechanisms. Line 

breakage, anchor failure, abrasion at fairleads/touchdown, connector/shackle failures, corrosion, 

and seabed interaction were identified as dominant risks. Mooring failures often have immediate 

farm-level implications due to drift-off and collision potential. 

Dynamic Cable 

Dynamic cable failure modes include fatigue at hang-off and touchdown points, overbending, 

clashing, external damage, thermal overload, insulation failure, buoyancy module degradation, 

torsional loading, and seabed abrasion. These modes are highly sensitive to floater motions and 

mooring dynamics, making the cable subsystem one of the most critical for array-level reliability. 

Key findings from the failure risk evaluation indicate: 

• Strong coupling exists between floater motions, mooring loads, and dynamic cable 

behaviour. 

• Fatigue, corrosion, and installation defects dominate across subsystems. 

• Many failure modes have limited detectability, highlighting the need for 

monitoring-based mitigations. 

• Several high-risk modes lack mature mitigation strategies, especially in dynamic cables. 

• A subset of failure modes has farm-level implications, requiring prioritised mitigation 

assessment. 

During the WP3 expert workshops, participants identified which of the 120 failure modes could 

have farm-level impacts, which are defined as any of the following characteristics:  

• Affecting multiple turbines 

• Influencing shared infrastructure 

• Causing cascading failure 

• Leading to array-wide downtime or safety risk 

A failure mode was classified as farm-level if three or more experts marked it as such. This process 

resulted in 46 farm-level failure modes (Table 1), which form the logical focus of the mitigation 

assessment in this report. These modes represent the highest-priority risks for floating wind arrays 

because they: 

• can propagate across multiple units 

• influence shared systems (e.g., export cables, moorings) 

• drive O&M cost and downtime 
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• pose safety and environmental risks 

• require scalable mitigation strategies 

Table 1 Full List of the 46 Farm-Level Failure Modes 

Subsystem 
Component Failure mode Failure root Failure causes Failure effect 

RPN 

(STD) 

Tower Primary 

steelwork 

Cracks Climate 

change/Env. 

Stress concentration 

& fatigue due to 

extreme 

winds/waves beyond 

design 

Collapse/failure of 

whole facility 

39 (21) 

Primary 

steelwork  
Cracks 

Climate 

change/Env. 

Blade- tower 

interactions due to 

extreme floater 

motion 

Collapse/failure of 

whole facility 
22 (11) 

Primary 

steelwork 

Plastic 

deformation 
Design  

Insufficient strength 

yields; inadequate 

stress simulation 

Collapse of whole 

facility 
26 (8) 

Transition 

Piece 

Primary 

structure & 

welding 

Break Design 
Human error in 

analysis/calculation 

Tower collapse; 

floater damage 
35 (9) 

Primary 

structure & 

welding 

Cracks/Break 
Climate 

change/Env. 

Excessive forces 

from storm 

surge/hurricane 

Tower collapse; 

buckling; floater 

damage 

33 (18) 

Primary 

structure 

Structural plastic 

deformation 

Climate 

change 

Increased loads due 

to changes in wave 

spectra 

Local stress 

accumulation 
29 (7) 

Primary 

structure & 

welding 

Break Design 

Under-designed 

structure; 

insufficient 

environmental Data 

Tower collapse; 

floater damage 
29 (13) 

Primary 

structure & 

welding 

Break Maintenance 

Improper quality 

control; undetected 

defects 

Tower collapse; 

floater damage 
27 (7) 

Floater Primary 

structure & 

Welding 

Cracks Operation 

Failure due to 

continuous 

vibrations/resonance 

Structural failure 43 (13) 

All structures Capsize Design 
Human error in 

analysis/calculation 

Watertight fault; 

floater sinkage 
40 (20) 

All structures 

& welding 
Structural break Maintenance 

Undetected defects 

due to poor quality 

control 

Floater sinkage 35 (13) 

Secondary 

structure 

Additional 

Structures 

Failures 

Operation 

Dynamic 

umbilical/cable 

failure 

Floater sinkage 33 (12) 

All structures Structural break Design 

Under designed 

component; 

insufficient 

environmental data 

Watertight fault; 

floater sinkage 
30 (7) 

Secondary 

structure 
Sinkage Design 

Insufficient strength; 

cracks leading to 

water ingress 

Asset damage; 

energy loss 
29 (11) 

Primary 

structure & 

Welding 

Capsize 
Environmental 

condition 

Extreme horizontal 

oscillatory force  

Asset damage; 

energy loss 
27 (7) 

All structures Hit by objects  
Environmental 

condition 

Typhoon impact 

(e.g., blade strike) 

Facility damage; 

economic loss 
26 (12) 

Primary 

structure 
Capsize Design 

Human error in 

analysis 

Project 

cancellation 
26 (15) 



6 

 

All structures Structural break 
Environmental 

condition 

Climate change 

exceeding design 

parameters 

Structural 

reassessment 
24 (9) 

Primary 

structure & 

Welding 

Structural break  Operation 

Brittle fracture due 

to extreme 

temperature 

Tower collapse 23 (11) 

All structures Sinkage Operation 
Collision with other 

FWT 

Asset damage; 

energy loss 
20 (15) 

Mooring 

system 
Fairlead  Failure  Operation Fatigue at fairlead 

Anchor cannot be 

dropped/lifted 
35 (9) 

Anchor Failure  Operation 
Abnormal working 

conditions 
Anchor failure 35 (11) 

Mooring line Break Operation 

Wear due to 

hysteretic heating / 

wet-dry cycling 

Asset 

mispositioning 
35 (17) 

Mooring line  Fatigue Operation 

Improper 

procedures; 

excessive 

loading/bending 

Strength decrease; 

breakage 
31 (10) 

Mooring line  Break Operation 

Friction chain wear  

due to 

movement/tension 

Asset 

mispositioning 
29 (12) 

Mooring 

Line  
Break Operation 

Transitional chain 

wear  

Asset 

mispositioning 
28 (11) 

Mooring line Break Manufacturing 
Poor splice 

quality/workmanship 

Strength decrease; 

breakage 
28 (8) 

Mooring 

lines  
Corrosion  Maintenance 

Corrosion due to 

poor maintenance 

Strength decrease; 

breakage 
27 (8) 

Mooring 

winch  
Failure  Maintenance 

Undetected hazard 

during operation 

Asset 

mispositioning 
26 (9) 

Mooring 

Lines  
Wear Design 

Underestimated 

seismic/compression 

loads 

Strength decrease; 

breakage 
26 (9) 

Dynamic 

Cable CPS 
Movement 

(scour) 
Installation  incorrect installation 

Vulnerable; 

repair/replacement 

required 

42 (5) 

 

CPS 
Movement 

(scour) 
Design  

Lack of site-specific 

data 

Vulnerable; 

repair/replacement 

required 

39(13) 

Dynamic 

Cable 
Fatigue Cracks Operation 

Repeated 

bending/stress cycles 
Cable weakening 36 (20) 

Dynamic 

Cable 

Watertightness 

fail 
Manufacturing  

Defects during 

production 

Interrupted 

electricity flow 
30 (9) 

Export Cable Reduced sediment  Design  
Insufficient burial 

depth 

Reburial or 

replacement 

required 

29 (7) 

Touchdown 

point 
Reduced sediment Design  

Insufficient burial 

depth 

Reburial or 

replacement 

required 

29 (7) 

Dynamic 

Cable 

Small bending 

radius 
Operation 

Excessive bending 

stress 

Insulation 

degradation 
29 (12) 

Dynamic 

Cable 

Watertightness 

fail 
Operation 

Damage due to 

extreme 

environmental 

events 

Interrupted 

electricity flow 
28 (11) 

Dynamic 

Cable 

Material 

degradation  
Design  

Underestimated 

dynamic loads 
Structural damage 27 (6) 

Insulation Failure Design  
Underestimated 

dynamic loads 

Electrical faults; 

production loss 
25 (10) 

Conductor Failure Operation 
Internal 

damage/overload 

Electrical faults; 

production loss 
25 (16) 
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Joints/ 

Terminations 

End termination 

fail 
Manufacturing  

Poor quality of 

insulating fluids  

breakdown of 

insulation 
24 (8) 

J-tube Corrosion Design  Insufficient coating 
breakdown of 

insulation 
23 (13) 

Hang-off Damage/corrosion Design  
Wrong isolation 

material selection 
Loss of the line   22 (7) 

Dynamic 

Cable 
Detachment Operation Mechanical stress 

cable loss; 

production loss 
21 (12) 

Dynamic 

Cable 

Debris 

disturbance 

Environmental 

conditions 

Floating debris - 

marine activities 

Cable damage; 

operational 

disruption 

19 (9) 

 

1.2. Objectives and Scope of this Report 

The mitigation strategies assessment presented in this report is based on a structured 

expert-elicitation method developed specifically for WP3. The approach evaluates predefined and 

expert-added mitigation options for each of the 46 farm-level failure modes using a harmonized 

set of criteria and a consistent scoring framework. The full methodology, including criteria 

definitions, weighting, scoring logic, and illustrative examples, is presented in Section 2.  

The specific objectives of this report are to: 

• Evaluate mitigation options for the 46 farm-level failure modes (Table 1) 

• Use a harmonised scoring framework   

• Capture expert perspectives on mitigation feasibility and maturity 

• Provide a transparent, comparable basis for mitigation prioritisation 

• Support the development of the FMEA database 

The scope of this report includes: 

• Expert-based scoring of predefined and expert added mitigation options 

• Subsystem-level synthesis of mitigation patterns 

• Identification of data gaps and limitations 

• Recommendations for future work 

1.3. Use of this Report 

The results of this report provide valuable information about risk mitigation priorities and can 

complement the WP3 FMEA database by: 

• Providing mitigation options and weighted scores 

• Identifying missing data and uncertainty 
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• Highlighting areas requiring further expert input  

• Supporting transparent, open-access risk communication 

2. Methodology  
The mitigation assessment presented in this report builds directly on the failure-mode landscape 

established previously in WP3 [1]. The objective of the methodology is to evaluate both predefined 

and expert-added mitigation options for the 46 farm-level failure modes using a structured, 

transparent, and repeatable expert-elicitation process. The method was designed to be: 

• Consistent with the FMEA framework used in [1] 

• Scalable for future Task 49 failure risk analysis updates 

• Aligned with relevant offshore wind and offshore structural standards (e.g., 

DNV-RP-0584, DNV-ST-0119, IEC 61400-3-2) 

• Applicable to floating wind arrays of different scales, technologies and site conditions 

The methodology consists of four main components: 

1. Definition of mitigation criteria 

2. Design of mitigation-option guidance 

3. Optional inputs (including KPIs and expert comments) 

4. Analysis and synthesis of expert responses 

A high-level workflow of the mitigation survey is shown in Figure 1. 

  

Figure 1 Workflow of the mitigation survey structure    
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2.1. Mitigation Criteria  

 

To ensure consistency across subsystems and failure modes, each mitigation option was evaluated 

using four qualitative criteria: Effectiveness, Technology Readiness Level (TRL), Cost Impact and 

Array Scalability. These criteria were selected because they:  

• Mirror the logic of the FMEA framework used previously in WP3 (Occurrence, 

Detectability, Severity) 

• Align with industry practice for risk-mitigation evaluation 

• Reflect the practical constraints of commercial-scale floating wind arrays; and are 

compatible with standards-based engineering decision-making. 

 

A summary of the criteria is provided in Table 2, followed by detailed descriptions. 

 
Table 2 Descriptions of mitigation criteria 

Criterion What It Captures Why It Matters (FMEA Context) Example 

Effectiveness 
Reduction in likelihood or 

consequence 

Directly linked to reducing 

Severity × Occurrence × 

Detectability 

Weld-detail optimization 

reduces fatigue cracking 

TRL 
Maturity of the mitigation 

technology 

Ensures recommended mitigations 

are realistically deployable 

DTS monitoring is mid-TRL 

(promising but not standard) 

Cost Impact 
Relative CapEx/OpEx 

implications 

Mitigations must be feasible at 

array scale  

Cable burial optimization is 

effective but high- CapEx  

Scalability 
Ability to apply mitigation 

across the entire array 

Floating wind requires farm-level 

solutions 

SCADA-based anomaly 

detection is highly scalable 

 

 

Effectiveness  

Purpose: to understand how much the mitigation option reduces the likelihood or consequence of 

the failure mode. 

Scale: 

• 1- Minimal: Very limited impact on reducing the failure likelihood or consequence. 

Example: Adding a checklist step without engineering change. 

• 3- Moderate: Clear reduction / impact on a single unit (but not strong enough to prevent 

propagation or cascading effects). Example: Installing a sensor that improves detection on 

one turbine but does not address array-level interactions. 

• 5- Strong: prevents propagation or cascading. Example: Real-time mooring tension 

monitoring that prevents overload and avoids knock-on effects on neighbouring units. 

Effectiveness directly relates to the reduction of FMEA parameters (Occurrence, Detectability, 

Severity). 

 

Technology Readiness Level (TRL) 

Purpose: To assess the maturity of the mitigation technology for floating offshore wind. 

Scale:  
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• TRL 4–5: Prototype Technology validated in lab or small-scale environment; early 

offshore pilots may exist. Example: Novel composite mooring materials tested in 

controlled conditions. 

• TRL 6–7: Limited implementation demonstrated in relevant offshore environments; used 

in pilots or small clusters. Example: Drone-based autonomous inspections used on a few 

floating units. 

• TRL 8–9: Commercial Technology is available and widely used in offshore wind or 

adjacent industries (oil & gas, fixed-bottom wind). Example: SCADA alarms, corrosion 

protection systems. 

Note: 

• TRL 1–3 was excluded because they represent basic research. 

• TRL refers to the technology itself, not the commercial maturity of floating wind.   

 

Cost Impact  

Purpose: To assess the relative cost of implementing the mitigation option at array scale. 

Scale: 

• Low:  Minimal cost; procedural or small equipment changes. Examples: Updated 

inspection routines; Minor SCADA parameter adjustments. 

• Medium: Moderate cost; some hardware, vessel time, or recurring OPEX. Examples: 

Installing additional sensors; Increasing inspection frequency requiring vessel access.  

• High: Significant CAPEX/OPEX impact; major hardware or redesign. Examples: 

Structural reinforcement; Fleet-wide hardware retrofits; New monitoring systems requiring 

installation on all units. 

 

Array Scalability  

Purpose: To assess how easily the mitigation can be applied across an entire floating wind farm. 

Scale: 

• 1: Only feasible for a single unit / bespoke solution Requires custom engineering or heavy 

vessel time. Example: Structural modification unique to one floater. 

• 2: Scalable to small cluster (≤10 units) Possible but labour-intensive; limited automation. 

Example: Manual inspections requiring vessel access. 

• 3: Scalable to medium array (≤30 units) Requires planning but feasible; some 

standardization. Example: Installing sensors on selected turbines. 

• 4: Scalable to large array (≤ 50 units) Mostly standardized; repeatable process. Example: 

Software-based monitoring upgrades. 

• 5: Fully scalable (50+ units) Easily applied fleet-wide; automated or standardized. 

Example: SCADA-based anomaly detection. 

 

2.2. Mitigation Options 

 

For each of the 46 farm-level failure modes, experts were presented with a structured list of 

potential mitigation options. These lists were developed by mapping the causal mechanisms 

identified in WP3’s FMEA to mitigation measures referenced in established offshore wind and 

offshore structural standards. The purpose of these lists was not to prescribe or recommend specific 
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mitigation strategies, but to provide a consistent and standards-aligned starting point for expert 

evaluation. 

The predefined mitigation options were derived from a review of relevant design, monitoring, 

inspection, and operational guidance, including IEC 61400-3-2 (floating wind turbine design) [5] 

IEC 61400-1 (general wind turbine design) [6] DNV-ST-0119 (floating wind turbine structures 

and mooring integration) [7] DNV-RP-C203 (fatigue design of steel structures) [8], 

DNV-RP-C205 (environmental loads) [9] DNV-RP-0360 (subsea power cables) [10] 

DNV-ST-N001 (marine operations) [11] ISO 19901/19902 (offshore structures and metocean 

basis) [12], [13], and classification guidance from ABS, LR, and BV. These documents 

collectively address the dominant failure mechanisms identified in the FMEA, including fatigue, 

corrosion, extreme environmental loading, installation defects, and operational misuse. 

 

The dropdown lists were intended as guidance only, ensuring that experts evaluated mitigation 

options that were: 

• Technically credible 

• Consistent with recognised industry practice 

• Directly linked to the WP3 FMEA causal mechanisms 

• Applicable across a range of floating wind technologies 

 

Experts were also encouraged to add their own mitigation recommendations if they believed that 

the predefined options were incomplete, insufficient, or not appropriate for a specific failure mode. 

This ensured that the methodology remained flexible and captured emerging technologies and 

site-specific practices. 

Mitigation options generally fell into the following categories: design-based measures, 

monitoring-based measure, inspection-based measure, operational measures and maintenance 

measure. Full subsystem-specific mitigation lists, including justification and relevant standards are 

provided in Appendix A.   

 

2.3. Survey Design  

A structured Excel-based survey was developed to collect expert evaluations of mitigation options 

for the 46 farm-level failure modes. The survey was distributed via email to a group of specialists 

with experience in floating wind turbine fields. This group included participants from the WP3 

failure risks evaluation as well as additional experts identified through professional networks. The 

survey was open from January to March 2026. Within the survey there are 3 lettered sections such 

as: Section A for the participant information, Section B for the failure mode descriptions and 

Section C for the mitigation option and optional input. For each failure mode, the mitigation 

options are organized as a multiple-choice list. The details about the survey content are given 

below.  

The survey consisted of: 
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1. Survey instruction including description of four criteria (Effectiveness, TRL, Cost Impact 

and Scalability), required and optional data as well as instructions on how to fill in and 

submit the survey 

2. Participant Profiles, Section A1 

3. Participants’ prioritization of the four criteria, Section A2  

4. Descriptions of the 46 failure modes from the FMEA (Context) in Section B 

5. Mitigation selection and criteria scoring (required), Section C 

6. Optional inputs in Section C, including KPIs, references to standards and qualitative 

comments. 

7. Survey Guidance Sheet (Criteria, Options, Standards)  

2.4. Data Processing 

Data processing followed a structured and transparent procedure to ensure consistency across 

expert responses as follows. 

• All four criteria were harmonized to a 1-3 scale. A narrow scale was selected because 

floating offshore wind remains a developing sector with limited operational data; a narrow 

scale avoids implying false precision and emphasises convergence, divergence and 

uncertainty rather than absolute numerical values. 

• Expert preferences for the four criteria (Section A2) were normalized to produce weighting 

factors than sum to one: WE + WT + WC + WS =1; these weights reflect the relative 

importance assigned by each expert to Effectiveness (E), TRL (T), Cost (C) and Scalability 

(S).                                                    

• For each mitigation option selected by an expert, a weighted score was calculated as: Final 

Score = WE × E + WT × T + WC × C+ WS × S.   

• Each mitigation option was scored independently, even when two options were selected 

for the same failure mode. This ensures that the performance of each option is evaluated 

on its own merits. 

• Responses were anonymized, and participants were coded as P1, P2, etc. 

2.5. Handling Missing Data and Data Quality Checks 

Missing data were treated carefully to avoid bias: 

• If a single criterion score was missing for a selected mitigation option, the lowest score 

was assigned. This conservative approach prevents overestimating mitigation performance. 
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• If a mitigation option was not selected by an expert, this was treated as true missing data, 

not as low performance. 

Responses were reviewed for completeness and internal consistency. Any ambiguities were 

clarified through follow-up communication with participants. 

3. Results and Discussion 
This section presents the results of the mitigation survey, based on the harmonized and weighted 

scoring methodology described in Section 2. The analysis integrates all inputs provided by the 

experts, including mitigation selections, criterion scores, and optional comments (where provided). 

Results are organized by subsystem, with each failure mode summarized in a mitigation-overview 

table followed by a short interpretation. 

Due to a low number of participants, statistical analysis was not applied. Instead, each mitigation 

option proposed by experts was treated as an independent qualitative data input, consistent with 

expert-elicitation methodology. This approach preserves the value of expert judgement without 

implying statistical significance. It also allows the most information to be gained from the 

responses, to inform the design of future larger-scale expert elicitation efforts. 

3.1. Participants and Prioritization of Criteria 

Four experts completed the mitigation survey. All have substantial experience in floating wind–

related fields and have worked extensively in the North Sea, which is highly relevant for floating 

wind development. Their backgrounds span design, O&M, and project development/certification, 

providing a balanced set of perspectives.  

Table 3 Participant Profiles  

Participant Primary Expertise Years of 

Experience 

Regions 

Worked 

Floating Type 

Familiarity 

Perspective in Survey 

P1  Floating Support 

Structure Design 

(Novel Concepts) 

11–20  North 

Sea  

Novel concepts  Design-oriented; 

comfortable with 

simulation-based and 

structural mitigations 

P2 Operations & 

Maintenance 

(O&M) 

11–20  North 

Sea 

Spar Strong O&M focus; 

prefers high-TRL, 

low-cost, scalable 

mitigations; emphasizes 

monitoring, QA/NDT, 

operational strategies 

P3 Floating Support 

Structure Design 

(Semisubmersible) 

11–20  North 

Sea 

Semisubmersible Balanced design 

perspective; more 

conservative on TRL/cost 

P4 Project 

Development, 

Certification, 

Owner’s 

Engineering 

>20  North 

Sea 

Semisubmersible Practical, 

certification-focused;  

prefers mature, scalable 

mitigations 
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The four respondents show meaningful variation in how they prioritize the four criteria 

(Effectiveness, TRL, Cost Impact, Scalability). For example: 

• P1 and P4 place very high emphasis on Effectiveness, moderate emphasis on TRL and 

Cost, and lower emphasis on Scalability. 

• P2 assigns the highest weight to Cost and Scalability, reflecting an O&M‑oriented 

perspective. 

• P3 distributes weights more evenly but still favors Effectiveness. 

These differences influence the ranking of mitigation options. For example, monitoring‑based 

mitigations (high TRL, high scalability, moderate cost) tend to rank higher for respondents who 

emphasize TRL and scalability, while structural redesigns (high effectiveness, high cost, lower 

scalability) rank higher for respondents who prioritize effectiveness. 

3.2. Subsystems Converge and Data Completeness 

A summary of the response coverage of each subsystem in the survey is shown in Table 4. 

Table 4 Subsystem coverage 

Subsystem/total 

failure modes 

Expert 

Coverage 

Missing 

Inputs* 
Notes 

Tower/3 
All experts 

(P1–P4) 
Nothing Strongest dataset; good mitigation diversity 

Transition Piece/5 
All experts 

(P1–P4) 
Very low Strong convergence on design requalification and QA/QC 

Floater/12 
P1–P4 (Most 

modes) 
Very low Many modes dominated by “expanded load cases”  

Mooring/10 
P1–P4 (Most 

modes) 
Very low 

Strong convergence but low diversity (mostly 

monitoring/inspection) 

Dynamic Cable/16 
P1–P2 (10 

modes) 
High 

No input for high-RPN modes (C9-C16: conductor failure, 

insulation failure, J-tube corrosion, hang-off damage, etc)  

* ‘Nothing: no missing inputs; ’Very low’: Only 1-2 missing cost/TRL entries across the subsystem, but all failure 

modes covered; High: Many failure modes unscored. 

 

Responses to optional inputs (standards, gap notes) were rare and appeared only for a few failure 

modes. Where relevant, they are included in the comment column of the following subsystem-

focused results tables.  

3.3. Tower – Mitigation Overview and Comments 

Experts proposed a coherent set of mitigation strategies across the three Tower failure modes. 

These are summarised in Table 5. 

 



15 

 

 

Table 5 Tower mitigation 

Failure mode Experts 

responding 

# 

mitigation 

options 

(distinct) 

Weighted 

score 

band 

Main mitigation types 

(distinct options 

selected by any expert) 

Comments (incl. 

optional inputs) 

T1 – Cracks 

(stress 

concentration 

& fatigue due 

to extreme 

winds/waves) 

P1, P2, P3, 

P4 

4 2.1–2.8 Weld detail 

optimisation & hotspot 

redesign; Enhanced 

SHM (acoustic 

emission, strain gauges, 

modal monitoring); 

Thicker shell 

sections/local 

reinforcement; 

High-fidelity coupled 

aero-hydro-elastic 

simulation 

Experts selected a 

balanced mix of 

design-detail 

improvements, 

monitoring, and 

advanced simulation. 

Optional inputs 

referenced 

DNV-RP-C203 (fatigue 

design of offshore steel 

welds), IEC 61400-3-2, 

and DNV-ST-0119. 

T2 – Cracks 

(blade–tower 

interactions due 

to extreme 

floater motion) 

P1, P2, P3, 

P4 

4 2.3–2.8 Operational limits & 

control strategies; 

Blade–tower clearance 

and control 

optimisation; 

High-fidelity coupled 

aero-hydro-elastic 

simulation; Tuned 

mass/passive damping 

devices 

Mitigations cluster 

around control-based 

avoidance, clearance 

optimisation, and 

simulation-driven 

design updates. 

Optional inputs 

referenced 

DNV-ST-0119 and the 

need for dedicated 

time-domain analysis 

for TMDs. 

T3 – Plastic 

deformation 

(insufficient 

yield strength; 

inadequate 

stress 

simulation) 

P1, P2, P3, 

P4 

2 1.8–3.0 High-fidelity coupled 

aero-hydro-elastic 

simulation; Thicker 

shell sections/local 

reinforcement 

Experts consistently 

selected 

simulation-based 

re-evaluation and local 

reinforcement. Optional 

inputs referenced 

DNV-ST-0119 and 

highlighted challenges 

in transferring extreme 

loads between AHSE 

tools and FEM 

software. 

 

Summary: 

• T1 (fatigue-driven cracking) shows a broad spread of mitigation types: design 

improvements (weld detail optimisation), monitoring (SHM), reinforcement, and 

high-fidelity simulation. This reflects the multi-mechanism nature of fatigue cracking in 

towers. 
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• T2 (blade–tower interaction) is dominated by control-based mitigations and clearance 

optimisation, indicating that experts view this as a dynamic-interaction problem rather than 

a structural-capacity issue. 

• T3 (plastic deformation) shows strong convergence around simulation-driven design 

updates, with reinforcement as the secondary mitigation. 

• Optional inputs across all modes emphasised fatigue standards, floating-wind-specific 

design requirements, and workflow limitations between simulation tools and FEM 

environments. 

Weighted scores for Tower failure modes range from 1.8 to 3.0, indicating moderate to high 

perceived effectiveness of the proposed mitigations. For example, T3 includes a mitigation option 

with a score of 3.0 (high-fidelity simulation), reflecting strong expert confidence in 

simulation-based requalification. Conversely, some SHM-based mitigations in T1 scored around 

2.1, indicating moderate effectiveness but high scalability. Overall, the Tower subsystem shows 

consistent expert agreement on the value of simulation-driven design updates and targeted 

reinforcement. 

3.4. Transition Piece – Mitigation Overview and Comments 

Experts proposed a consistent set of mitigation strategies across the five Transition Piece failure 

modes, which are presented in Table 6.  

Table 6 Transition Piece failure mitigations  

Failure mode Experts 

responding 

# 

mitigation 

options 

(distinct) 

Weighted 

score 

band 

Main mitigation 

types 

Comments (incl. 

optional inputs) 

TP1 – Break (human 

error in 

analysis/calculation) 

P1, P2, P3, 

P4 

4 2.3–3.0 Interface redesign; 

High-fidelity TP–

tower–floater 

coupled analysis; 

Improve 

engineering skills; 

Thicker TP wall 

sections/local 

reinforcement 

Experts proposed a mix 

of design-detail 

improvements, advanced 

coupled analysis, and 

competence-based 

mitigations. Optional 

inputs referenced 

DNV-ST-0119, critical 

design reviews, and 

workflow limitations 

between AHSE tools 

and FEM. 

TP2 – Cracks/Break 

(excessive forces 

from storm 

surge/hurricane) 

P1, P2, P3, 

P4 

4 1.5–3.0 Design 

requalification for 

extreme storms; 

High-fidelity 

aero-hydro-elastic 

simulation; 

High-fidelity TP–

tower–floater 

analysis; Tuned 

Strong emphasis on 

design-basis expansion 

and improved load 

modelling. Optional 

inputs referenced IEC 

61400-3-2, 

DNV-ST-0119, and 

climate-change-driven 

metocean uncertainty. 
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mass/passive 

damping devices 

TP3 – Structural 

plastic deformation 

(increased loads) 

P1, P2, P3, 

P4 

3 1.8–2.8 SHM for TP 

connections; 

Design 

requalification for 

extreme storms; 

High-fidelity TP–

tower–floater 

analysis 

Expert views diverged. 

Optional inputs 

referenced 

DNV-ST-0119 and 

concerns about future 

metocean conditions. 

TP4 – Break 

(under-designed 

structure; 

insufficient 

environmental data) 

P1, P2, P3, 

P4 

4 2.1–2.8 High-fidelity TP–

tower–floater 

analysis; Design 

requalification; 

High-fidelity 

aero-hydro-elastic 

simulation; 

Improved metocean 

data measurements 

Experts emphasised the 

need for sufficient 

environmental data and 

updated metocean 

conditions. Optional 

inputs referenced IEC 

61400-3-2, 

DNV-ST-0119, and 

climate-change 

considerations. 

TP5 – Break 

(improper quality 

control; undetected 

defects) 

P1, P2, P3, 

P4 

3 2.3–2.7 SHM for TP 

connections; 

Welding QA/QC 

and NDT 

enhancement 

(phased-array UT); 

System-specific 

QA/QC practices 

Experts highlighted the 

need for design-specific 

QA/QC procedures 

supported by 

commercially available 

inspection systems. 

Optional inputs 

referenced ISO 19902. 

 

Summary 

• TP1 combines design-detail improvements and competence-based mitigations, reflecting 

the dual nature of human-error-driven failures. 

• TP2 shows strong emphasis on design requalification and high-fidelity simulation, with 

optional inputs highlighting climate-change-driven metocean uncertainty. 

• TP3 reveals divergence among experts, though mitigations cluster around SHM, 

requalification, and coupled analysis. 

• TP4 shows consistent selection of analysis-based mitigations and improved metocean data, 

indicating a shared view that environmental data quality is a key driver. 

• TP5 is dominated by monitoring and inspection technologies, especially phased-array UT 

and SHM, with emphasis on design-specific QA/QC planning. 

Weighted score bands for Transition Piece failure modes range from 1.5 to 3.0, indicating a mix 

of low-TRL but high-impact mitigations (e.g., TMDs) and high-TRL, widely accepted measures 

(e.g., phased-array UT). For example, TP2 includes a mitigation scoring 1.5 (design requalification 

with low TRL and high cost), while TP1 includes options scoring 3.0 (improve engineering skills; 
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interface redesign). Overall, the Transition Piece subsystem shows strong expert convergence on 

simulation-driven design updates and metocean-data-driven requalification. 

3.5. Floater – Mitigation Overview and Comments 

Experts proposed a wide range of mitigation strategies across the Floater failure modes. These are 

summarised in Table 7. 

Table 7 Floater failure mitigations  

Failure mode Experts 

responding 

# 

mitigation 

options 

(distinct) 

Weighted 

score 

band 

Main mitigation 

types 

Comments (incl. 

optional inputs) 

F1 – Cracks (failure 

due to continuous 

vibrations/resonance) 

P1, P2, P3, 

P4 

4 2.3–2.8 Expanded design load 

cases; Resonance 

avoidance via 

structural 

tuning/damping; 

High-fidelity 

aero-hydro-elastic 

simulation; 

Operational limits 

(weather windows, 

alarm thresholds) 

Experts selected a 

mix of design-basis 

expansion, 

damping/tuning, and 

simulation-driven 

updates. Optional 

inputs referenced 

DNV-ST-0119, IEC 

61400-3-2, and VIV 

considerations. 

F2 – Capsize (human 

error in 

analysis/calculation) 

P1, P2, P3, 

P4 

3 2.4–3.0 Expanded design load 

cases; Freeboard 

margin increase & 

compartmentalisation; 

Improve engineering 

skills 

Experts emphasised 

design-basis 

expansion and 

structural robustness, 

with 

competence-based 

mitigation also 

selected. Optional 

inputs referenced 

DNV-RP-C205. 

F3 – Structural break 

(undetected defects 

due to poor QA/QC) 

P1, P2, P3 3 2.3–2.7 Operational limits; 

SHM/dynamic 

analysis; Welding 

QA/QC and NDT 

enhancement 

Experts highlighted 

the importance of 

monitoring, 

operational 

thresholds, and NDT 

enhancement. 

Optional inputs 

referenced 

commercially 

available SHM 

systems. 

F4 – Additional 

structures failures 

(dynamic 

umbilical/cable 

failure) 

P1, P2, P3, 

P4 

4 1.7–2.6 Freeboard margin 

increase; Expanded 

design load cases; 

Improved cable 

mechanical design; 

Emergency 

disconnection/towing 

protocols 

Mitigations span 

design, operational, 

and system-level 

measures. Optional 

inputs referenced 

DNV-RP-C205 and 

concerns about 

failure-mode clarity. 



19 

 

F5 – Structural break 

(under-designed 

component; 

insufficient 

environmental data) 

P1, P2, P3, 

P4 

3 2.3–2.8 Expanded design load 

cases; High-fidelity 

simulation; Improved 

metocean 

measurements 

Experts emphasised 

environmental-data 

sufficiency and 

simulation-driven 

requalification. 

Optional inputs 

referenced IEC 

61400-3-2 and 

DNV-RP-C205. 

F6 – Sinkage 

(insufficient strength; 

cracks leading to 

water ingress) 

P1, P2, P3, 

P4 

4 1.4–2.6 Ballast redundancy & 

automated ballast 

management; 

Freeboard margin 

increase; Expanded 

design load cases; 

High-fidelity 

simulation 

Mitigations cluster 

around ballast 

management, 

compartmentalisation, 

and simulation-driven 

updates. Optional 

inputs referenced 

DNV-ST-0119. 

F7 – Capsize 

(extreme horizontal 

oscillatory force) 

P1, P2, P3, 

P4 

4 2.4–3.0 Expanded design load 

cases; Operational 

limits; Resonance 

avoidance; 

High-fidelity 

simulation 

Experts emphasised 

control-based 

mitigations and 

simulation-driven 

design updates. 

Optional inputs 

referenced 

DNV-ST-0119. 

F8 – Hit by objects 

(typhoon impact, 

blade strike) 

P1, P2, P3, 

P4 

3 2.4–2.8 Expanded design load 

cases; High-fidelity 

simulation; Collision 

protection/exclusion 

zones 

Experts emphasised 

design-basis 

expansion and 

impact-avoidance 

measures. Optional 

inputs referenced IEC 

61400-3-2. 

F9 – Capsize (human 

error in analysis) 

P1, P2, P3, 

P4 

3 2.3–3.0 Expanded design load 

cases; Critical design 

review; Improve 

engineering skills 

Experts emphasised 

competence-based 

mitigations and 

design-basis 

expansion. Optional 

inputs referenced IEC 

61400-3-2. 

F10 – Structural 

break (climate 

change exceeding 

design parameters) 

P1, P2, P3, 

P4 

3 2.0–2.6 Expanded design load 

cases; Operational 

limits; High-fidelity 

simulation 

Experts highlighted 

changing metocean 

conditions and the 

need for updated 

thresholds. Optional 

inputs referenced IEC 

61400-3-2. 

F11 – Structural 

break (brittle fracture 

due to extreme 

temperature) 

P1, P2, P3, 

P4 

4 2.1–3.0 Operational limits; 

Temperature-based 

control/digital twin; 

Expanded design load 

cases; Improved 

engineering skills 

Experts emphasised 

temperature 

monitoring, 

digital-twin-based 

control, and 

competence-based 

mitigations. Optional 

inputs referenced ISO 

19901-1. 
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F12 – Sinkage 

(collision with other 

FWT) 

P1, P2, P3, 

P4 

3 2.2–2.4 Operational limits; 

Expanded design load 

cases; Freeboard 

margin increase 

Experts emphasised 

collision-avoidance, 

operational 

thresholds, and 

compartmentalisation. 

Optional inputs 

referenced IEC 

61400-3-2. 

 

Summary: 

• Floater mitigations are the most diverse across all subsystems, reflecting the wide range of 

failure mechanisms. 

• F1 (resonance-driven cracking) shows strong emphasis on damping, design-basis 

expansion, and simulation-driven updates. 

• F2 and F9 (capsize due to human error) highlight the importance of competence-based 

mitigations and design-basis expansion. 

• F4 (dynamic cable failure) shows the widest spread of mitigation types, including 

system-level emergency protocols. 

• F6 (sinkage) emphasises ballast redundancy and compartmentalisation, with simulation as 

a supporting measure. 

• Optional inputs across the subsystem frequently referenced IEC 61400-3-2, 

DNV-ST-0119, and DNV-RP-C205, highlighting the importance of environmental data 

and floating-wind-specific design requirements. 

Weighted score bands for Floater failure modes range from 1.4 to 3.0, indicating the widest spread 

among all subsystems. For example: 

• F6 includes a mitigation scoring 1.4 (ballast redundancy with low TRL and high cost). 

• F2 and F9 include mitigations scoring 3.0 (improve engineering skills). 

• F1 includes simulation-based mitigations scoring 2.8, reflecting high expert confidence. 

Overall, the Floater subsystem shows high variability in expert confidence, driven by the diversity 

of failure mechanisms and the range of TRLs across mitigation options. 

3.6. Mooring System – Mitigation Overview and Comments 

Experts proposed a comprehensive set of mitigation strategies across the ten Mooring System 

failure modes. These are summarised in Table 8.  
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Table 8 Mooring System failure mitigations  

Failure mode Experts 

responding 

# 

mitigation 

options 

(distinct) 

Weighted 

score 

band 

Main mitigation 

types 

Comments (incl. 

optional inputs) 

M1 – Fairlead failure 

(fatigue at fairlead) 

P1, P2, P3 3 2.1–2.8 Continuous tension 

& vibration 

monitoring; 

Fairlead geometry 

improvements; 

Optimised 

chain/wire/rope 

selection 

Optional inputs 

referenced 

DNV-RP-C203 and 

DNV-ST-0119, noting 

uncertainties in chain 

fatigue mechanisms 

and the need for 

improved 

understanding of 

fairlead fatigue. 

M2 – Anchor failure 

(abnormal working 

conditions) 

P1, P2, P3 3 2.1–2.3 Continuous tension 

& vibration 

monitoring; 

Procedural 

controls; Expanded 

load-case matrix 

Optional inputs 

referenced IEC 

61400-3-2, 

highlighting multiple 

simultaneous hazards 

and the value of 

digital-twin-based load 

feedback. 

M3 – Mooring line 

break (hysteretic 

heating / wet-dry 

cycling) 

P1, P2, P3 3 1.8–2.8 ROV inspections; 

Optimised 

chain/wire/rope 

selection; Keep 

fibre ropes wet 

Optional inputs 

referenced 

DNV-ST-0119, noting 

that hysteresis heating 

can be estimated via 

digital twin using 

floater motion and line 

loads. 

M4 – Mooring line 

fatigue (improper 

procedures; excessive 

loading/bending) 

P1, P2, P3 2 2.1–2.6 Continuous tension 

& vibration 

monitoring; 

Optimised 

chain/wire/rope 

selection 

Optional inputs 

referenced 

DNV-ST-0119, 

highlighting material 

data gaps (e.g. nylon 

ropes) and the value of 

dynamic response 

monitoring. 

M5 – Mooring line 

break (friction chain 

wear due to 

movement/tension) 

P1, P2 1 2.1–2.4 ROV inspections 

& targeted 

maintenance 

Optional inputs 

referenced risk-based 

inspection and the need 

to focus on known 

wear zones. 

M6 – Mooring line 

break (transitional 

chain wear) 

P1, P2, P3 2 1.8–2.4 ROV inspections; 

Optimised 

chain/wire/rope 

selection 

Optional inputs 

referenced 

DNV-ST-0119, 

suggesting 

digital-twin-based 

identification of 

transitional wear 

zones. 

M7 – Mooring line 

break (poor splice 

quality/workmanship) 

P1, P2 2 2.1–3.0 ROV inspections; 

Diversity in 

materials/vendors 

Optional inputs 

emphasised supplier 

best practices and 
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reducing 

common-cause risks. 

M8 – Corrosion 

(corrosion due to poor 

maintenance) 

P1, P2, P3 1 2.1–2.4 Cathodic 

protection & 

corrosion 

monitoring 

Optional inputs noted 

that clamps used for 

protection may 

introduce secondary 

issues. 

M9 – Mooring winch 

failure (undetected 

hazard during 

operation) 

P1, P2, P3 2 1.9–2.8 Continuous tension 

& vibration 

monitoring; 

Procedural controls 

Optional inputs noted 

that failures are often 

linked to overloading 

and require operational 

discipline. 

M10 – Mooring lines 

wear (underestimated 

seismic/compression 

loads) 

P1, P2, P3 2 2.0–2.1 Continuous tension 

& vibration 

monitoring; 

Expanded 

load-case matrix 

Optional inputs 

referenced 

DNV-RP-C205, noting 

that 

seismic/compression 

loads can change 

mooring stiffness and 

should be detectable 

via dynamic 

monitoring. 

 

Summary: 

• Monitoring-based mitigations dominate across the subsystem, reflecting the operational 

nature of many mooring failures. 

• Design-based mitigations (fatigue margins, geometry optimisation, rope selection) appear 

consistently in fatigue and wear-driven modes. 

• Procedural controls (load management, operational envelopes) are central for anchor and 

winch failures. 

• Inspection-based mitigations (ROV inspections) are the primary response to friction, 

transitional wear, and splice-quality issues. 

• Optional inputs repeatedly referenced DNV-RP-C203, DNV-ST-0119, IEC 61400-3-2, 

and DNV-RP-C205, highlighting the need for improved fatigue modelling, digital-twin 

integration, and better understanding of mooring-line behaviour under combined loads. 

Weighted score bands range from 1.8 to 3.0, indicating: 

• Lower scores for inspection-heavy or emerging mitigations (e.g. hysteretic heating, 

transitional wear). 

• Higher scores for established design or procedural measures (e.g. vendor/material 

diversification, procedural controls). 
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Overall, the Mooring System shows strong expert convergence on monitoring and inspection as 

primary mitigations, with design and procedural measures providing structural support. 

3.7. Dynamic Cable – Mitigation Overview and Comments 

Dynamic Cable failure modes represent one of the most critical reliability challenges in floating 

offshore wind arrays due to their strong coupling with floater motions, mooring stiffness, seabed 

interaction, and environmental conditions. Out of the 16 Dynamic Cable failure modes identified 

in the FMEA, 10 failure modes received full scoring from experts (primarily P1 and P2, with 

limited input from P3), while 6 additional failure modes received qualitative comments but no 

scoring. All 16 modes are therefore represented in the dataset, although with varying levels of 

completeness. 

The addressed failure modes and their associated mitigation strategies are summarised in Table 9 

(scored modes) and Table 10 (unscored modes). 

Table 9 Dynamic Cable failure mitigations   

Failure mode Experts 

responding 

# 

mitigation 

options 

(distinct) 

Weighted 

score 

band 

Main mitigation 

types 

Comments (incl. 

optional inputs) 

DC1 – CPS 

movement (scour – 

incorrect 

installation) 

P1, P2 1 1.5–2.5 Burial/trenching 

optimisation; scour 

mitigation; as-built 

metrology 

Linked to poor 

soil-condition 

knowledge. 

DC2 – CPS 

movement (scour – 

lack of site-specific 

data) 

P1 1 1.8 Burial/trenching 

optimisation; scour 

mitigation; as-built 

metrology 

Expert noted strong 

linkage to DC1. 

DC3 – Fatigue 

cracks (repeated 

bending/stress 

cycles) 

P1, P2 1 1.8–2.5 Monitoring 

(DTS/RTTR, 

electrical integrity 

tests, leak detection) 

DAS fibre monitoring 

recommended; embed 

monitoring fibre 

separately from 

communication fibre. 

DC4 – 

Watertightness 

failure (defects 

during production) 

P1, P2 2 2.1–1.8 Installation QA/QC; 

enhanced sealing 

tests; termination 

QA 

Existing procedures 

may be insufficient 

and require 

enhancement. 

DC5 – Reduced 

sediment 

(insufficient burial 

depth) – Export 

Cable 

P1, P2 2 1.8–2.5 Burial/trenching 

optimisation; 

DTS/RTTR 

monitoring 

Burial efficiency can 

be documented using 

DTS (heat-transfer 

estimation). 

DC6 – Reduced 

sediment 

(insufficient burial 

depth) – 

Touchdown point 

P2 1 2.5 DTS/RTTR 

monitoring 

Same 

burial-efficiency 

considerations as 

DC5. 

DC7 – Small 

bending radius 

(excessive bending 

stress) 

P1, P3 1 2.4–2.8 Lazy-wave 

configuration 

optimisation; 

Referenced 

DNV-RP-0360; 

bending radius closely 

linked to fatigue. 
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buoyancy spacing; 

hang-off upgrades 

DC8 – 

Watertightness 

failure (extreme 

environmental 

events) 

P1, P2 2 2.1 Enhanced sealing 

tests; termination 

QA; control-based 

mitigation 

Failure may be linked 

to turbine control state 

(e.g., feathered 

condition). 

DC9 – Material 

degradation 

(underestimated 

dynamic loads) 

P1, P2 1 1.8–2.3 Monitoring 

(DTS/RTTR, 

electrical integrity 

tests) 

Monitoring can detect 

degradation early; 

mitigation may 

involve control 

strategies. 

DC10 – Insulation 

failure 

(underestimated 

dynamic loads) 

P1, P2, P3 2 2.1–2.5 Monitoring; 

lazy-wave 

configuration 

optimisation 

Referenced 

DNV-RP-0360; 

importance of sharing 

cable data. 
 

Table 10 Dynamic Cable failure modes with comments but no scoring mitigations   

Failure mode Experts 

responding 

Mitigation types 

(qualitative) 

Comments / Optional inputs 

DC11 – Conductor failure 

(internal damage/overload) 

P2 Monitoring 

(DTS/RTTR, electrical 

integrity tests) 

Can be estimated via 

current/temperature + digital twin. 

DC12 – End termination 

failure (poor quality of 

insulating fluids) 

P2 Design improvements; 

enhanced termination 

QA 

Industry focus on improved 

terminations and fast 

connection/disconnection. 

DC13 – J-tube corrosion 

(insufficient coating) 

P2 Cathodic protection; 

coating improvements 

Parallels with mooring-chain 

corrosion. 

DC14 – Hang-off 

damage/corrosion (wrong 

isolation material selection) 

P2 Design review; 

improved material 

selection 

Emphasised need for critical design 

review. 

DC15 – Cable detachment 

(mechanical stress) 

P2 Design review; 

mechanical 

reinforcement 

Emphasised need for critical design 

review. 

DC16 – Debris disturbance 

(floating debris / marine 

activities) 

P2 Environmental 

protections; debris 

management 

Suggested robust design and visual 

deterrents for marine mammals. 

 

Summary: 

• The Dynamic Cable subsystem exhibits the widest diversity of mitigation strategies across 

all subsystems, reflecting the complex and multi-mechanism nature of cable failures in 

floating wind arrays. 

• The Dynamic Cable subsystem exhibits the widest diversity of mitigation strategies across 

all subsystems, reflecting the complex and multi-mechanism nature of cable failures in 

floating wind arrays. 

• Monitoring is the dominant mitigation pathway, with DTS/RTTR, electrical integrity tests, 

leak detection, and DAS fibre monitoring appearing across fatigue, insulation, material 
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degradation, and conductor-related modes. These approaches are scalable and provide 

early detection capability, although they do not eliminate the underlying failure 

mechanisms. 

• Installation and QA/QC issues are central to several high-risk modes, including 

watertightness failures, termination issues, and CPS scour movement. Burial/trenching 

optimisation, enhanced sealing tests, and improved termination QA were frequently 

selected. 

• Configuration-based mitigations such as lazy-wave optimisation, buoyancy spacing, and 

hang-off upgrades were selected for bending-radius and insulation-related modes, 

reflecting the importance of geometric control in dynamic cable performance. 

• Environmental and seabed conditions are major drivers of risk, particularly for 

scour-related CPS movement, insufficient burial depth, and debris disturbance. These 

modes highlight the need for improved soil data, seabed monitoring, and environmental 

protection measures. 

• Several failure modes (DC11–DC16) received qualitative comments but no scoring, 

indicating lower expert familiarity, emerging failure mechanisms, or insufficiently defined 

mitigation options. These modes require further expert engagement and clearer definitions 

in future studies. 

Weighted score bands for Dynamic Cable range from 1.5 to 2.8, indicating: 

• Lower scores for installation-sensitive or soil-condition-dependent mitigations (e.g., CPS 

scour movement). 

• Moderate scores for monitoring-based mitigations (scalable but not preventive). 

• Higher scores for configuration-based mitigations (e.g., lazy-wave optimisation). 

The variability in scoring reflects differences in expert familiarity; differing maturity levels of 

cable technologies; the complexity of cable–floater–mooring interactions 

Dynamic Cable remains the most challenging subsystem, with several modes requiring deeper 

investigation and improved modelling, monitoring, and QA/QC practices  

Six failure modes received qualitative comments but no scoring. This indicates: 

• uncertainty or lack of confidence among experts 

• insufficient industry guidance for these modes 

• emerging or poorly understood failure mechanisms 

• need for clearer mitigation definitions in future surveys 
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These modes should be prioritised for targeted expert workshops and refinement in a future study. 

3.8. Cross-Subsystem Interpretation 

The purpose of the cross-subsystem interpretation is to move beyond the individual mitigation 

tables and identify patterns, shared drivers, and systemic insights that emerge when the Tower, 

Transition Piece, Floater, Mooring System, and Dynamic Cable results are viewed together. This 

section synthesises the expert inputs across all subsystems to highlight where mitigation strategies 

converge, where they diverge, and what these patterns imply for floating wind design, certification, 

and operational planning. 

Cross-subsystem interpretation examines: 

• Common mitigation themes that appear across multiple subsystems 

• Shared root causes (e.g., environmental data gaps, modelling limitations, QA/QC issues) 

• Subsystem interdependencies (e.g., how mooring behaviour influences tower loads, how 

cable fatigue relates to floater motions) 

• System-level vulnerabilities that cannot be understood by looking at one subsystem alone 

• Consistency of expert scoring across subsystems (TRL, cost, scalability patterns) 

• Where mitigation strategies reinforce each other or create trade-offs 

This approach transforms the mitigation survey from a set of isolated tables into a coherent 

system-level risk picture. 

Across all subsystems, several strong themes appear: 

• High-fidelity simulation is the dominant mitigation strategy. Experts consistently selected 

coupled aero-hydro-servo-elastic analysis for Tower, TP, Floater, and Mooring. This 

reflects a shared view that modelling fidelity is still a limiting factor in floating wind 

design. 

• Environmental data quality is a system-wide driver. TP, Floater, Mooring, and Dynamic 

Cable all include mitigation options referencing insufficient metocean data, climate-change 

uncertainty, or underestimated dynamic loads. 

• Monitoring technologies are central across subsystems SHM (strain gauges, acoustic 

emission), DTS/RTTR, tension monitoring, and dynamic response monitoring appear 

repeatedly. Experts view monitoring as essential for detecting degradation early, even 

when it cannot prevent the underlying cause. 

• QA/QC issues appear in every subsystem. Welding QA/QC (TP, Tower), NDT (TP, 

Floater), cable termination QA (Dynamic Cable), and splice quality (Mooring) all highlight 

the importance of manufacturing and installation quality. 
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• Design-basis expansion is a recurring mitigation. Extreme storms, hurricanes, seismic 

loads, and combined hazards appear across TP, Floater, and Mooring. Experts repeatedly 

emphasise the need to revisit design load cases. 

The results reveal several important interdependencies in subsystem: 

• Many failure modes in Tower, TP, Mooring, and Dynamic Cable are directly influenced 

by floater dynamics. 

• Experts noted that underestimated compression loads or seismic effects in moorings can 

alter cable curvature and fatigue cycles. 

• Under-designed structures (TP, Floater), scour (CPS), and extreme-event watertightness 

failures all trace back to environmental uncertainty. 

• Poor welds, poor terminations, poor splices, and poor installation procedures appear across 

subsystems, indicating a systemic QA/QC challenge. 

4. Conclusions and Next Steps  
This mitigation assessment provides a structured and transparent evaluation of mitigation options 

for the 46 farm-level failure modes identified in the IEA Wind Task 49 WP3 Failure Risk 

Evaluation. Using a harmonised expert-elicitation method and a weighted-scoring framework, the 

study captures how four criteria (Effectiveness, TRL, Cost Impact and Array Scalability) shape 

the feasibility of mitigation strategies across five major subsystems. The weighted scores offer a 

consistent basis for comparing mitigation options, revealing where expert confidence is high, 

where uncertainty remains, and where mitigation maturity varies across the floating wind system. 

The results show clear patterns. High-fidelity simulation and improved environmental data were 

repeatedly selected as effective mitigations for structural and hydrodynamic failure modes, 

reflecting the importance of reducing modelling uncertainty and expanding design load cases. 

Monitoring-based mitigations, including SHM, DTS/RTTR, tension monitoring, and dynamic 

response tracking, received moderate-to-high weighted scores across subsystems, highlighting 

their scalability and value for early detection of degradation. QA/QC and installation-related 

mitigations also featured prominently, particularly for Transition Piece, Mooring System, and 

Dynamic Cable failure modes, where workmanship and installation practices are known 

contributors to risk. 

The weighted-score distributions further indicate that Dynamic Cable remains the subsystem with 

the largest mitigation gaps. Ten cable failure modes received full scoring, while six received 

qualitative comments but no numerical scores. This reflects both the complexity of cable 

behaviour, strongly influenced by floater motions and mooring stiffness, and the limited 

availability of mature, scalable mitigation solutions. The absence of KPI inputs across all 

subsystems also suggests that the industry lacks standardised performance indicators for 

monitoring-based mitigations, and that clearer guidance will be needed in future studies. 
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Although the number of experts was limited, the survey provides a structured, transparent first 

sample of mitigation performance for floating wind arrays. The methodology ensures traceability, 

comparability, and repeatability, making it suitable for expansion as the industry matures. The 

results highlight where mitigation strategies are well understood, where they require refinement, 

and where further expert engagement is needed, particularly for cable terminations, J-tubes, 

hang-offs, and emerging environmental failure modes. These findings can inform the design of 

future expert-elicitation mitigation studies. 

Future work should broaden expert participation, refine failure-mode definitions, and introduce 

standardised KPI examples to support more quantitative evaluation. Targeted workshops on 

mooring-cable-floater interactions, dynamic cable fatigue and terminations, and environmental 

data uncertainty will be essential to address the identified gaps. Together, these efforts will support 

the development of more robust, scalable, and system-level mitigation strategies for 

commercial-scale floating offshore wind arrays. 
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Appendix A: Guidance List of Failure Mitigation 
Options 
Table A 1 Tower- Potential Mitigation Option List 

Mitigation Option 

(Dropdown) 

Targeted Failure 

Mechanism(s) 

Design / 

Integrity 

Principle 

Relevant 

Standards/Guidance 

Justification 

(Summary) 

Weld detail 

optimization and 

hotspot redesign 

Fatigue cracks; 

stress 

concentrations 

Reduce SCFs 

and improve 

fatigue life 

DNV fatigue categories; 

IEC 61400-3-2 

Targets fatigue 

cracking at weld toes 

and stress risers. 

Thicker shell 

sections / local 

reinforcement 

Plastic 

deformation; local 

buckling 

Increase local 

strength and 

stiffness 

ISO 19902; IEC 

61400-3-2 

Addresses 

insufficient yield 

strength and stress 

underestimation. 

Corrosion-resistant 

materials and 

coatings 

Corrosion; wall 

loss; fatigue 

acceleration 

Prevent 

degradation and 

maintain 

integrity 

ISO 12944; offshore 

coating guidance 

Mitigates corrosion-

driven cracking and 

fatigue. 

Tuned mass or 

passive damping 

devices (reduce 

resonance) 

Resonance-

induced fatigue; 

vibration 

Control 

dynamic 

amplification 

IEC 61400-3-2; 

vibration control 

guidance 

Reduces vibration-

driven fatigue and 

resonance effects. 

Blade-tower 

clearance and 

control 

optimization for 

extreme motions 

Blade strike; tower 

cracks from 

extreme motion 

Improve 

clearance and 

motion control 

Floating wind design 

practice (IEC 61400-3-2; 

DNV) 

Prevents blade-tower 

interaction under 

extreme floater 

motion. 

Enhanced SHM: 

acoustic emission, 

strain gauges, 

modal monitoring 

Crack initiation; 

stiffness changes 

Early anomaly 

detection 

SHM for offshore 

structures 

Enables early 

detection of fatigue 

and structural 

degradation. 

High-fidelity 

coupled aero-

hydro-elastic 

simulation in 

design updates 

Underestimated 

loads; extreme 

events 

Improve load 

prediction 

accuracy 

IEC 61400-3-2; DNV-

RP-C205 

Addresses design 

underestimation of 

environmental loads. 

Fatigue 

requalification 

using updated 

metocean 

conditions 

Fatigue failure due 

to outdated load 

assumptions 

Reassess fatigue 

life with 

updated data 

DNV fatigue guidance; 

IEC 61400-3-2 

Ensures fatigue 

design remains valid 

under current 

conditions. 

Enhanced welding 

QA/QC (phased-

array UT, improved 

NDT) 

Undetected weld 

defects; poor 

workmanship 

Improve flaw 

detection and 

weld quality 

ISO/IEC welding and 

NDT standards 

Reduces risk of crack 

initiation due to weld 

flaws. 

Operational limits 

& control strategies 

for extreme 

motions 

Excessive motion; 

blade-tower 

interaction 

Limit 

operational 

exposure to 

extreme events 

Marine operations & 

control guidance 

Reduces risk of 

motion-driven 

failures through 

operational control. 
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Table A 2 Tower- Potential Mitigation Option List 

Mitigation Option 

(Dropdown) 

Targeted Failure 

Mechanism(s) 

Design / 

Integrity 

Principle 

Relevant 

Standards 

Family 

Justification 

(Summary) 

Interface redesign to 

reduce stress 

concentrations (fillets, 

radii) 

Cracks at TP–tower 

interface; stress 

concentration 

Optimize 

geometry and 

load transfer 

Offshore 

connection design 

principles; IEC 

61400-3-2 

Reduces local stress 

risers and improves 

fatigue performance at 

critical interfaces. 

Alternative 

connection strategies 

(improved 

grout/bolted hybrid) 

Slippage; cracking 

at grout–steel 

interface; load path 

failure 

Improve load 

transfer 

reliability and 

fatigue 

resistance 

Offshore grouted 

connection 

guidance; floating 

wind interface 

design 

Addresses known 

issues with grouted 

joints and enhances 

long-term connection 

integrity. 

Thicker TP wall 

sections / local 

reinforcement at 

critical interfaces 

Plastic deformation; 

local buckling; 

under-designed 

regions 

Increase local 

strength and 

stiffness 

ISO 19902; IEC 

61400-3-2 

Mitigates structural 

failures due to 

inadequate yield 

strength or stress 

simulation. 

Welding quality 

assurance and NDT 

enhancement (phased-

array UT) 

Undetected weld 

defects; poor 

workmanship 

Improve flaw 

detection and 

weld quality 

ISO/IEC welding 

and NDT 

standards 

Reduces risk of crack 

initiation and fatigue 

failure at TP welds. 

Design requalification 

for extreme storms 

(updated metocean; 

load cases) 

Underestimated 

environmental 

loads; extreme event 

failure 

Reassess design 

using updated 

conditions 

IEC 61400-3-2; 

DNV-RP-C205 

Ensures TP design 

remains valid under 

evolving metocean 

conditions. 

Corrosion 

management and 

protective systems 

Corrosion; wall loss; 

fatigue acceleration 

Prevent 

degradation and 

maintain 

integrity 

ISO 12944; 

offshore coating 

and CP guidance 

Mitigates corrosion-

driven cracking and 

structural degradation. 

Installation tolerances 

and fit-up control 

procedures 

Misalignment; 

residual stress; poor 

load transfer 

Ensure proper 

fit-up and 

alignment 

during assembly 

Offshore 

installation 

QA/QC guidance 

Reduces stress 

concentration and 

misalignment-related 

failures. 

Periodic inspection 

frequency for early 

degradation detection 

Undetected defects; 

progressive damage 

Detect 

degradation 

before 

escalation 

Offshore 

inspection 

planning 

principles 

Supports early 

detection of fatigue, 

corrosion, and joint 

degradation. 

High-fidelity coupled 

analysis of TP-tower-

floater interaction 

Incorrect load 

simulation; dynamic 

amplification 

Improve 

accuracy of 

interface load 

predictions 

IEC 61400-3-2; 

floating wind 

coupled analysis 

guidance 

Addresses root causes 

linked to 

underestimated 

interface loads and 

dynamic effects. 

SHM for TP 

connections (strain 

gauges, acoustic 

emission, bolt preload 

monitoring) 

Crack initiation; bolt 

loosening; stiffness 

changes 

Monitor joint 

integrity and 

detect 

anomalies 

SHM for offshore 

connections 

Enables early detection 

of degradation and 

preload loss in TP 

connections. 
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Table A 3 Floater- Potential Mitigation Option List 

Mitigation Option 

(Dropdown) 

Targeted Failure 

Mechanism(s) 

Design / Integrity 

Principle 

Relevant 

Standards 

Family 

Justification 

(Summary) 

Freeboard margins 

increase and water-tight 

compartmentalization 

Capsize; sinkage; 

watertight failure 

Maintain reserve 

buoyancy and 

prevent 

progressive 

flooding 

Floating structure 

stability 

principles (IEC 

61400-3-2; 

offshore stability 

rules) 

Improves global 

stability and 

damage tolerance 

under extreme 

conditions. 

Ballast redundancy and 

automated ballast 

management 

Excessive 

heel/trim; 

instability under 

extreme loads 

Maintain stability 

and control 

motions through 

active/passive 

ballast 

Floating stability 

& marine 

operations 

guidance 

Reduces risk of 

instability and 

excessive motions 

contributing to 

structural failures. 

Collision protection and 

exclusion zones 

Impact damage; 

blade-strike; vessel 

collision 

Reduce likelihood 

and severity of 

impact loads 

Marine 

operations & 

collision risk 

guidance 

Mitigates collision-

driven damage 

modes with farm-

level consequences. 

Resonance avoidance via 

structural 

tuning/damping 

Resonance-induced 

fatigue; vibration 

Control dynamic 

amplification and 

avoid natural 

frequency overlap 

IEC 61400-3-2; 

vibration control 

guidance 

Reduces fatigue and 

cracking from 

continuous 

vibrations. 

Expanded design load 

cases (including 

typhoon/hurricane 

scenarios) 

Underestimated 

environmental 

loads; extreme 

event failure 

Improve 

robustness under 

extreme 

conditions 

IEC 61400-3-2; 

DNV-RP-C205 

Ensures floater 

design remains 

valid under 

evolving metocean 

extremes. 

Operational limits: 

weather windows, alarm 

thresholds for motions 

Excessive motion; 

fatigue; operational 

overload 

Limit exposure to 

damaging 

conditions 

Marine 

operations & 

control guidance 

Reduces risk of 

motion-driven 

failures through 

operational control. 

Emergency 

disconnection and towing 

protocols (array-level) 

Progressive failure; 

floater drift; 

collision 

Provide controlled 

responses to 

mooring or 

structural failure 

Marine 

operations & 

contingency 

planning 

guidance 

Limits farm-level 

consequences of 

floater instability or 

mooring failure. 

 
Table A 4 Mooring System- Potential Mitigation Option List  

Mitigation Option 

(Dropdown) 

Targeted Failure 

Mechanism(s) 

Design / Integrity 

Principle 

Relevant 

Standards 

Family 

Justification 

(Summary) 

Optimized 

chain/wire/rope 

selection and fatigue 

margins (design) 

Fatigue; wear; 

breakage; strength 

loss 

Select materials and 

configurations with 

adequate fatigue and 

strength capacity 

Offshore 

mooring design 

standards; 

floating wind 

practice 

Improves fatigue 

resistance and 

strength margins for 

mooring lines under 

cyclic and extreme 

loads. 

Fairlead geometry 

refinements and low-

wear lining 

Local bending 

fatigue; wear at 

fairlead; friction-

induced heating 

Reduce curvature, 

contact pressure, 

and wear at 

interfaces 

Mooring–floater 

interface 

guidance 

Mitigates fairlead-

driven fatigue and 

wear mechanisms 

identified in WP3. 
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Cathodic protection 

and corrosion 

monitoring regimes 

Corrosion; strength 

loss; accelerated 

fatigue 

Prevent corrosion-

driven degradation 

of mooring 

components 

ISO 12944; 

offshore CP and 

corrosion 

monitoring 

guidance 

Reduces corrosion-

related failures, 

especially in splash 

zone and submerged 

chain segments. 

Continuous tension 

and vibration 

monitoring: thresholds 

for intervention 

Overload; slack-

snap events; 

abnormal tension 

cycles 

Detect abnormal 

loads early and 

trigger intervention 

Mooring 

integrity 

monitoring 

practices 

Enables early 

warning for 

overloads and 

dynamic events 

contributing to 

breakage. 

ROV visual 

inspections; targeted 

maintenance on wear 

zones 

Undetected wear; 

abrasion; fatigue 

Detect degradation 

before escalation 

Offshore 

inspection 

planning 

principles 

Supports early 

detection of wear, 

corrosion, and 

fatigue damage. 

Rapid-repair kits: 

spare lines, quick-

connect hardware, 

vessel readiness 

Progressive failure; 

delayed recovery; 

farm-level impact 

Enable fast response 

and recovery from 

mooring failure 

Marine 

operations & 

contingency 

planning 

guidance 

Reduces downtime 

and escalation risk 

following mooring 

line failure. 

Procedural controls: 

load management, 

operational envelopes 

Excessive loading; 

procedural errors; 

fatigue 

Limit operational 

exposure and 

manage loads 

Offshore 

operations and 

mooring 

management 

guidance 

Reduces risk of 

fatigue and overload 

through procedural 

discipline. 

Diversity in 

materials/vendors to 

reduce common-cause 

risks 

Systemic failure; 

simultaneous 

degradation 

Reduce correlated 

failure risk across 

mooring lines 

Risk 

management and 

redundancy 

principles 

Enhances system 

robustness by 

reducing 

vulnerability to 

common-cause 

failures. 

 

 
Table A 5 Dynamic Cable- Potential Mitigation Option List  

Mitigation Option 

(Dropdown) 

Targeted Failure 

Mechanism(s) 

Design / Integrity 

Principle 

Relevant 

Standards 

Family 

Justification 

(Summary) 

CPS 

selection/tuning: 

articulated pipes, 

bend restrictors, 

stabilizing 

mattresses 

CPS movement; 

scour exposure; 

bending fatigue; 

mechanical 

damage 

Maintain curvature 

limits and protect 

cable from 

excessive bending 

and abrasion 

Subsea cable 

protection 

guidance; 

offshore wind 

CPS practice 

Directly mitigates CPS 

movement, exposure, 

and curvature-driven 

fatigue identified in 

WP3. 

Burial/trenching 

optimization; scour 

mitigation; as-built 

metrology 

Reduced sediment 

cover; insufficient 

burial; exposure 

Ensure stable 

burial and 

minimize exposure 

to hydrodynamic 

forces 

Subsea cable 

burial and route 

engineering 

principles 

Addresses failure 

modes linked to 

insufficient burial depth 

and sediment loss. 

Lazy-wave 

configuration 

optimization; 

buoyancy spacing; 

hang-off upgrades 

Fatigue cracks; 

repeated bending; 

touchdown point 

damage 

Reduce dynamic 

curvature and 

distribute bending 

loads 

Dynamic cable 

configuration 

guidance 

Mitigates high-RPN 

fatigue and curvature 

exceedance at 

touchdown. 
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Watertightness 

assurance: enhanced 

sealing tests; end 

termination QA 

Watertightness 

failure; insulation 

degradation 

Verify integrity of 

cable and 

terminations 

HV cable testing 

and termination 

QA/QC 

Reduces risk of water 

ingress and insulation 

breakdown. 

Monitoring: 

DTS/RTTR, 

electrical integrity 

tests, leak detection 

Overheating; 

insulation failure; 

conductor damage; 

water ingress 

Detect thermal, 

electrical, and 

watertightness 

anomalies early 

Power cable 

integrity 

monitoring 

guidance 

Enables early detection 

of degradation before 

catastrophic failure. 

Installation QA/QC: 

pull-in tension 

verification, 

handling procedures 

Incorrect 

installation; 

bending damage; 

watertightness 

issues 

Ensure controlled 

installation and 

minimize 

mechanical 

damage 

Marine operations 

& cable 

installation 

QA/QC 

Prevents 

installation-related 

curvature exceedance 

and sealing failures. 

Environmental 

protections: debris 

management; marine 

activity controls 

External 

mechanical 

damage; abrasion; 

impact 

Reduce external 

hazards and seabed 

disturbance 

Offshore 

environmental 

and marine 

activity 

management 

guidance 

Mitigates damage from 

debris, fishing gear, and 

marine operations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


