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Brief intro to DNV report 2020-

1137 óHow digital tools and 
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SoW

ÁHighlights Sec.3 to 5

ÁChallenges, Opportunities & 

main observations
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Background

Understanding the condition of all elements of a subsea system is vital 
to ensuring safe operations and production and this is obtained by 
managing the integrity of the subsea assets.

There is a large number of data systems and sources that can be 
utilized to reach this goal and current technologies allow the industry to 
link different data sources together to increase accessibility to the data. 

Data management and use of data, facilitated by digital tools and 
solutions, can bring various benefits to day-to-day operations, such as 
increased efficiency, optimization, cost reduction and safety. 

For integrity management specifically, industry data, historical data and 
real-time data allow operators to improve maintenance and inspection 
regimes if implemented and utilized appropriately.

The challenge is however multiple, such as to which level the 
integration of such sources is implemented in the operatorôs 
organisations and how to manage the single source of truth over the 
entire life span
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Objective & Scope of Work

Objective:

ÅTo establish a status of available information, knowledge and tools that 
can provide better integrity management of subsea systems. Such tools 
can give a better overview of the state of the system, reduce the risk of 
incidents and provide a more predictable operation of the facilities.

ÅHighlight areas where knowledge and information are not fully 
systematized and utilized for continuous improvement and risk 
reduction. 

Scope of Work:

ÅHow opportunities that currently lie in digital solutions are utilized in order 
to ensure integrity

ÅIdentification of opportunities that are not usually being exploited today in 
relation to analysis of data, whether it comes from sensors, production 
data, inspection or monitoring data etc.

VCurrent Status

VKey Challenges

VOpportunities
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Information gathering by interviews, literature search 
and experience
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1. Current integrity management practice; data, 

interpretation, knowledge and tools

2. Data quality and availability

3. Degradation models and predictive power

4. Digitalization and new technology

5. Industry collaboration and research

6. Main Challenges and Opportunities

7. Lessons learned / case 

Questionnaire & Graphics
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ΨIǳƎƘ ƎŀǇ ōŜǘǿŜŜƴ ǿƘŜƴ Řŀǘŀ ƛǎ ŎŀǇǘǳǊŜŘ ŀƴŘ ǇǊƻŎŜǎǎŜŘΦ {ǘǊŜŀƳƛƴƎ ŀƴŘ ŘŜƭƛǾŜǊƛƴƎ ǎƘƻǳƭŘ ōŜ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΩ

Ψbƻ ǘƻƻƭǎ ǘƻ ŎƻƳǇŀǊŜΦ bƻ ǎǘŀƴŘŀǊŘ ǿŀȅ ǘƻ ǊŜǇƻǊǘΩ

ΨLŦ ŜǾŜǊȅƻƴŜ ŎƻǳƭŘ ƎŀǘƘŜǊ ŀǊƻǳƴŘ ŀ ǎǘŀƴŘŀǊŘƛȊŜŘ ƳŜǘƘƻŘ ƻŦ ǊŜǇƻǊǘƛƴƎ ŘŀǘŀΣ ǘƘŜƴ ƻƴŜ ŎƻǳƭŘ ōŜƎƛƴ ǘƻ 
ƛƴŎƻǊǇƻǊŀǘŜ ƭŜŀǊƴƛƴƎ ŀŎǊƻǎǎΩ

Ψ5ŜƎǊŀŘŀǘƛƻƴ ƳƻŘŜƭǎ ǘƻƻ ǘƘŜƻǊŜǘƛŎŀƭ ŀƴŘ ƻŦǘŜƴ ǎǘŀǘƛŎ 

ƛƴ ƴŀǘǳǊŜΩ

ΨMuch data is sent on e-Ƴŀƛƭǎ ŀƴŘ ƴŜŜŘǎ ǘƻ ōŜ Ƴŀƴǳŀƭƭȅ ŎƻƳǇƛƭŜŘΩ

Ψ¢ƻǘŀƭ ŀƳƻǳƴǘ ƻŦ ƛƴǎǇŜŎǘƛƻƴ Řŀǘŀis one of the ƳŀƧƻǊ ŎƘŀƭƭŜƴƎŜǎΩ
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Sec.3: Integrity Management - Subsea Installations

ÅGeneral description of;

Åsubsea installations

Åsubsea integrity management

ÅTypical degradation mechanisms

ÅCondition monitoring of subsea systems

ÅPetroleum Safety Authority regulations
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Sec.4: Status of emerging methods, tools & 
technologies for data collection & analytics

ÅAutonomous Underwater Vehicles (AUVs) to conduct subsea surveys

ÅSensor technology

ÅMonitoring ship traffic to identify areas exposed to trawl risk 

ÅThe use of digital twins, platforms and ecosystems 

ÅStandardisation of data exchange

ÅThe use of Artificial Intelligence (AI) / Machine Learning (ML)

8

The most relevant described in detail
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Sec.4 The two main application areas of ML in subsea 
integrity management

9

Possible ML applications Examples

Automatic anomaly detection

¶ ILI inspections

¶ subsea surveys

¶ flexible riser annulus 

monitoring 

¶ leak detection

Prediction

¶ condition assessment 

/ corrosion failures in 

pipelines /17/

¶ fatigue failures in 

flexible risers /21/

Typical subsea integrity 

challenges:

ÅDetect anomalies and 

predict failure

ÅFinding complex 

relationships in a vast 

amount of data, multiple 

systems and sources

ÅLong processing times 

of ILI and survey data 

To what extent has Artificial Intelligence 

(AI) / Machine Learning (ML) been 

applied for maintenance / testing / 

inspection and e.g. predicting time to 

failure or analysing root causes?
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Sec.5 Current Practices & Solutions
ÅTechnologies to facilitate effective use of data 

ÅCollection and transfer of data from point of collection to user

ÅAsset Information Model to enable integration and contextualisation of 

data

ÅData integration platforms to enable sharing and use of data

ÅAutomatic detection and categorisation of degradation and anomalies

ÅIntegrity management tools

ÅWork processes

ÅWhat, how, where and when; automation and near real-time 

assessment

ÅAvailability and presentation of data, information, condition and risk

ÅSharing of data; improvement and learning

ÅRoles and responsibilities

ÅIn own organisation; new competencies

ÅInteraction and use of subject matter experts between Operators, 

engineering companies and service providers

10

To what extent is 
interpretation of collected 
data a manual process?

To what extent are 
degradation models, 
algorithms and automatic 
assessment tools used?

To what extent are the 
data sources and tools / 
models integrated to 
ensure an efficient use?
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Sec.5 Current Practices & Solutions

Use of data to improve the risk understanding

In the context of subsea integrity management and associated risk, it is discussed how to go from data to 

making informed decisions to ensure that loss of containment does not occur. The following main topics are 

highlighted in report:

Åwhat data are relevant and how to collect them

Åhow to integrate the data and why

Åhow to interpret the data to understand degradation, condition and risk

Åhow to present technical condition and risk

Integrity management of subsea assets

Describe how data collection, integration and interpretation is currently applied within the different types of 

subsea assets, and how this is typically integrated across the subsea assets to support a holistic view on 

subsea integrity management. The subsea assets are split in Risers, Pipelines and Subsea Production 

Systems
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Sec.5 Current Practices & Solutions

12

ÅThe reported non-conformances and improvement needs from PSA 

supervisions in the time period from January 2018 to date, were 

reviewed in order to summarise reported non-conformities and 

improvement points for use of data related to improved IM. Main 

findings covers;

ÅLeak detection (operationalization and acceptance criteriaé)

ÅIntegrity management (use of data, instrumentation, performance 

standardsé)

ÅFlexible risers and jumpers (prediction of degradation, operational 

limitationsé)

ÅPipelines (corrosion modelling, monitoringé)

ÅThe regulations, in several places, uses the term (é) at all times (é). 

There seems to be potential in going from manual, regular review of 

data, to a more automatic, continuous processing of data, to better 

understand technical condition and associated risk at all times.
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Sec.6 Challenges

Availability of information; Updated 

information to show the current technical 

condition and associated risk is only 

intermittently available to stakeholders (e.g. 

management, partners, regulator).

ÅThe data is typically collected, assessed and 

presented/reported at certain milestones.

ÅData to inform about technical condition and 

associated risks are typically stored in a number 

of different systems, and partly on servers with 

limited access (i.e. lack of integrated systems).

ÅIntegration and interpretation of data is highly 

dependent on manual assessments from 

dedicated subject matter experts.

Unclear business case; It is a challenge 

to demonstrate a sound business case for 

extensive initiatives to improve data collection 

and integration.

ÅTechnology development and qualification have a 

high cost.

ÅEconomic benefits from improved integrity 

management and barrier management is difficult 

to quantify, and the value of having subsea 

engineers and subject matter experts collecting 

and assessing the data is by some, perceived to 

be difficult to replace.

ÅEven though monitoring data are trusted, they are 

not always used to adjust inspection intervals, 

hence, not used to potentially reduce cost 

associated with offshore operations.
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Sec.6 Challenges

Leak detection; Data to inform about small or 

diffuse hydrocarbon leaks, and strategies for 

leak detection, are considered to be an area of 

potential improvement.

ÅMonitoring technologies for detection of small or 

diffuse leaks, typically from subsea connectors 

and bolted connections, need to be better 

understood and qualified to provide reliable 

detection data.

ÅLeak detection strategies and criteria need to be 

improved to provide reliable detection and 

response to small or diffuse subsea leaks.

Integrity management of flexible risers; Data 

to inform about the development of credible 

failure modes in flexible risers and jumpers 

should be improved.

ÅInspection and monitoring technologies to reliably 

confirm the condition and predict the degradation 

of the metallic and non-metallic layers in flexible 

pipes, and particularly at hot spots (terminations, 

bend restrictor, bend stiffener/sag/hog, touch-

down point) still needs to be improved in order to 

increase the understanding and reduce the 

uncertainty.

ÅIntegrity management strategies and criteria need 

to be improved and operationalized to provide 

reliable prevention (e.g. operational controls) and 

detection of degradation and failure modes under 

development.
14
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Sec. 6 Opportunities

The four key opportunities enabled by emerging technologies, and how they may contribute to 

improved integrity management.

Key opportunities:

ÅData contextualization

ÅStandardization

ÅAutomated anomaly 

detection

ÅLearning through sharing
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Risk 

Assessment 
and IM 

Planning

Inspect ion 

Monitoring 
& Test ing

Integrity 

Assessment

Mit igat ion, 

Intervent io
n & Repair

1
The ñautomated anomaly detectionòopportunity  

Enablers : A U Vs, M L and s ens or tec hnologies

3

The ñdata

contextualizat ion ò 

opportunity  

Enablers : Data 

platforms , digital twins  

and ec os ystems

1

The ñstandardizat ion ò 

opportunity  

Enablers : O ntologi

2

4

4

The ñLearning 

through sharing ò 

opportunity  

Enablers : Data 

platforms  and M L
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Sec. 6 Opportunities

Data contextualization

ÅThere are no technical showstoppers for 

combining data into integrated systems to 

enable dynamic integrity management and risk 

management. 

ÅEnablers include cloud-based storage, 

increased computational power, data 

platforms, digital twins and ecosystems, as 

well as standardisation.  

ÅIt is, however, costly and time consuming, and 

takes management dedication and stamina to 

achieve.
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The ñautomated anomaly detectionòopportunity  
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3
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