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SUMMARY 
Achieving extended maintenance cycles and reduced facility downtimes requires trending of marine structural conditions. 
A combined harmonized Asset Integrity (AIM) management and data management process allows prioritisation of 
inspections and adjustment of the inspection frequencies based on predicted time to failure for the entire facility. At the core 
of this process is a risk based inspection program and condition and design data management across the entire facility. 
The risk based inspection program combines semi-quantitative criticality assessment approaches, Failure Mode, Effects, 
and Criticality Analysis (FMECA), experience based on component failure frequency (reliability), and the use of Technology 
Readiness Level (TRL). 

 
 
1. INTRODUCTION 

 
1.1 PURPOSE 
 
Asset Integrity Management of offshore structures is 
critical to improve and maintain facility economics, in 
particular when considering the directions the Industry is 
taking. For example: 
 

- In many cases, assets are being used beyond 
original design life (recently, in offshore oil & gas 
latest fracking technologies have enabled 
depleted fields to return to production), meaning 
re-assessment and life extension of ageing 
offshore or coastal structures.  

- New developments with longer design life, 
sometimes in excess of standard 25 years, in 
harsher environments and deeper waters are 
being undertaken. Some requirements go beyond 
industry standards and these offshore floating 
facilities require being more robust. 

- There has also been an increase of marginal field 
developments in the recent years. These 
developments require re-deployment of existing 
facilities which have been operating on other 
fields for a number of years. 

 
In these three cases, fully harmonized and integrated AIM 
and data management process assist the owners and 
operators in ensuring that the projects remain 
economically viable. 
 
Setting-up an efficient AIM process is a difficult task which 
involves multiple challenges including unavailability or 
incompleteness of condition data, lack of traceability and 
accuracy of operation data which may reduce significantly 
the relevance of trending and projected life calculations. 
Some of these difficulties can be overcome using 
engineering knowledge and numerical tools together with 
the use of a systematic methodology (with associated sets 
of tools). But also data base and knowledge management 
tools. Challenges are in maintaining electronically readable 
data formats of drawings, calculations and simulation 
models over the life of the facility.  
 
1.2 BENEFITS 
 
Safety and economic drivers are currently pushing 
operators to go beyond class regular survey requirements, 
particularly for safety and production critical components. 
Implementation of fully harmonized and integrated Asset 
Integrity Management processes assist in maintaining the 

structural integrity of offshore floating facilities throughout 
the entire duration of operations across system interfaces.  
 
The fully harmonized and integrated AIM offers benefits 
such as providing a rational basis for inspection and 
monitoring plans and efficient tools for updating those 
plans, collecting of asset relevant data and prioritisation of 
it and enable verification by third parties at stage.  
 
The system is scalable and can provide significant cost 
reduction over traditional inspection and maintenance 
programs and significantly increases safety through a 
reduction of inspectors, operators and burden on support 
crews during inspection campaigns. Harmonization is 
required to abridge statutory inspections/ maintenance 
demands as well as facility production/performance 
requirements and the assets owner and operators’ own 
risk management standards.  
 
The AIM provides assurance that fitness for service of 
structures is verified, integrity related activities are tracked, 
performance is measured, sufficient auditing is achieved, 
management of change is controlled, and validation by 
external bodies is enabled, but most importantly 
harmonizing means that this is achieved across critical 
system boundaries by using one risk based inspection plan 
and process to all systems. 
 
1.3 REGULATORY COMPLIANCE 
 
Performance Standards, established to maintain the 
reliability, availability and survivability of the Safety Critical 
Elements (SCE), are essential requirements which must 
be carefully taken into account whilst developing the AIM. 
 
Elimination and prevention measures that can be taken to 
address the integrity of Safety Critical Elements include 
inspection and monitoring activities. Accurate recording 
and reporting of all SCE performance standards is required 
to illustrate compliance with regulatory requirements. 
Additionally, accurate measurements are important at the 
start of operations to build confidence in the numerical 
models of the as-built offshore floating facilities. 
 
Historically, regular surveys developed in accordance with 
recommendations from classification societies and 
regulatory bodies have been used to verify the condition of 
offshore floating facilities. These recommendations are 
based on historical data and industry experience. As such 
they are often not targeted and frequently do not account 
for specific data acquired throughout the facility life, such 
as design, fabrication, installation and operation data as 
accounted through Asset Integrity Management. 
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There are no standards or pre-defined sets of rules that 
provide guidelines as to whether structural components 
should be managed by Risk Based Inspection (RBI) or 
through regular surveys. The utilization of RBI is at the 
discretion of the Operator. The Operator may decide to 
apply an RBI programme to specific structures in order to 
optimise the inspection efforts based on risk. For other 
structures, there may not be any added value in carrying 
out an RBI programme, and the Operator may therefore 
decide to use regular surveys.  
 
 
 
2. RISK / CRITICALITY ASSESMENT 
 

Ultimately, AIM aims at optimising the inspection efforts by 
applying more resources where risks are high and less 
resources where risks are low. 
 
The systematic methodology developed by INCITIAS to 
assess the criticality is a step-by-step approach where 
tools with increasing complexity are applied. Qualitative, 
semi-quantitative and quantitative methods are used to 
assess the criticality depending on available information, 
including existence of data, quality of data, new-built or 
existing facility. The data to be considered for the facility 
are those collected typically during the design, fabrication, 
installation and operation phases. This may include 
general asset data (e.g. operating manual), design data 
(e.g. design analyses and drawings), fabrication data (e.g. 
NDT reports), and condition data (e.g. survey reports).  
 
 
 
3 INSPECTION MANAGEMENT 

 
3.1 OBJECTIVES 
 
AIM strategy aims to mitigate the risk of failure during the 
operational period as illustrated in Figure 1. 
 
Inspection and monitoring programmes form an integral 
part of the AIM process. Inspection and monitoring 
activities aim to detect anomalies that may pose a threat to 
the integrity of the facility. The inspection and monitoring 
requirements are defined based on the outcomes of 
detailed assessments and reviews. When potentially 
damaging conditions are identified, risk reduction options 
or corrective actions are developed and undertaken in 
order to safeguard the integrity of the facility.  
 

 
Figure 1: Bathtub Curve 

 
The inspection and monitoring activities are based on the 
criticality assessment performed as described in Section 2. 
The aim of the inspection and monitoring activities is to 
provide objective evidence that the hull and mooring 

system remain in good condition and are able to perform 
their functions as defined by the performance standard.  
 
More specifically, the key objectives of the operation 
inspection and monitoring activities are to: 

- Demonstrate compliance with class 
requirements. 

- Ensure critical areas as identified through 
criticality assessment are inspected by 
appropriate methods. 

- Identify any common mode failures propagating 
through from the design, construction and 
installation phases. 

- Provide objective evidence of system condition. 
 
3.2 RBI VERSUS REGULAR SURVEYS 
 
Risk Based Inspections (RBI) deliver effective solutions for 
managing the integrity of some components of offshore 
floating structures, while others are better dealt with using 
regular surveys.  
 
The decision logic presented in Figure 2 should be applied 
when selecting the inspection methodology to be followed. 
 

 
Figure 2: Inspection Decision Logic 

 
 
3.3 INSPECTION PRIORITISATION 
 
A number of structures may have a similar recommended 
inspection extent and frequency, but the execution of the 
inspection of all structures at one time would cause 
unacceptable disruption to operations and unnecessary 
costs.  
 
Inspection prioritisation can help in allocating resources 
based on the residual risk level of structures. Risk 
assessments may find different risk levels associated with 
different structures within a group, e.g. water ballast tanks 
group; there are advantages in conducting inspections first 
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on the tanks with higher risk, progressing towards the lower 
risk tanks at the end of the cycle. This approach can 
provide flexibility and minimise the risk of having an 
inspection backlog. However, all structures shall be 
inspected over a given period which is currently defined as 
5 years. 
 
It is important to note that the inspection prioritisation may 
require amendment following reviews of inspection results. 
 
 
 
4 ANOMALY MANAGEMENT 

 
4.1 DATA REVIEW AND REPORTING 
 
Validation of data may in some cases include confirming 
that measured data has been obtained using the correct 
techniques and has the required accuracy. This would 
typically occur if the data appears to be inconsistent, or if 
significant anomalies are identified. 
 
The criticality assessments must be revisited periodically 
to ensure that the previous assessment remains valid. If for 
example inspection detects a damage that had not 
previously been considered, a criticality assessment must 
be carried out and any required changes to the inspection 
and monitoring activities be made. Similarly, if a 
degradation level (e.g. corrosion) was predicted but not 
observed, a review of the criticality assessment should be 
made in order to optimise the inspection and monitoring 
activities. 
 
It is vital that the inspection and monitoring data is 
evaluated and assessed in a timely manner with an 
appropriate level of accuracy.  
 
4.2 ASSURANCE TASKS AND ACCEPTANCE 
CRITERIA 
 
Assurance tasks are developed to ensure that the facility 
meets performance standards. An assurance task consists 
of inspection and monitoring activities, which are 
compared against acceptance criteria (pass/fail or 
quantitative). If assurance tasks are not satisfied, this 
should trigger assessment activities to determine if 
integrity is compromised, develop risk reduction options 
and update risk assessments. 
 
Acceptance criteria should be established for each 
inspection and monitoring activities to allow assessment of 
the integrity of the component. If these acceptance criteria 
are not met, this shall be considered an assessment 
initiator and a full integrity assessment should be 
completed.  
 
Acceptance criteria are developed in a number of ways 
(e.g. using design codes, performance standards and 
redundancy assessments) and include such requirements 
as: 

- Extent of damage or dents to structural plating or 
members; 

- Extent of cracks at welds; 
- Allowable thickness loss; 
- Extent of coating deterioration; 
- CP system performance. 

 

4.3 ASSESSMENT INITIATORS 
 
Assessment initiators are observations that indicate 
integrity may have been compromised. The level of 
assessment required should be determined by the relevant 
Technical Authority based on an initial screening of the 
anomaly and component consequences ranking.  
 
The data collected through the execution of the inspection 
and monitoring activities is reviewed against acceptance 
criteria. If data collected does not meet the acceptance 
criteria or, based on trend data, will not meet the 
acceptance criteria prior to the next scheduled inspection, 
then an integrity assessment review should be completed. 
 
4.4 ANOMALY ASSESSMENT 
 
The inspections may result in the discovery of anomalies. 
These anomalies need to be assessed to establish their 
impact on the integrity of the facility. Assessment includes 
a determination of the present and future impact on 
integrity and may lead to the exploration and development 
of risk reduction measures: 
 
If the presence of an anomaly triggers the assessment, it 
is required to determine whether the risk remains 
acceptable, or if risk reduction options are required. If the 
risk associated with the anomaly is acceptable, it needs to 
be documented by a deviation. Any risk reduction options 
need to be developed and implemented following 
approved processes.  
 
There are three possible outcomes from these 
assessments: 

- The anomaly is not significant and does not affect 
the structural integrity. 

- The anomaly has the potential to be significant in 
the future and should be monitored. 

- The anomaly is significant now and should be 
repaired or mitigated in some way. 
 

4.5       DATA MANAGEMENT AND RETENTION 
 

Throughout the AIM process data is collected and 
managed, starting from as designed, to as-built drawings 
to analytical models such as structural finite element 
models, etc. The risk assessment and the preparation of 
work packs, identifies critical documentation and data that 
requires to be at the fingertip of the inspector now and 
possibly in 20 years from now. Some of the issues arise 
are: 
 
4.5.1   Storage medium 

The first thing to take into account is the storage medium 
that is used for archives. Since they will be stored for long 
periods of time, one must choose a type of media that will 
last as long as the retention policy dictates. 
  
4.5.2   Storage device 
Another major consideration is whether the storage 
devices that are used for archives will be accessible in a 
few years.  Unfortunately, there's no way to predict which 
types of storage devices will stand the test of time. Even 
so, it is important to try to pick those that have the best 
chance of being supported over the long term. 
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4.5.3   Revisiting old archives 
The archive policies as well as the storage mechanisms 
that are used for archiving data will undoubtedly change 
over time. Therefore it is important that the review of 
archives are planned schedule frequently  to see if 
anything needs to be migrated to a different storage 
medium. The AIM is process keeps the achieved data up-
to-date throughout the asset life. 
 
4.5.4   Data usability 

One major problem is that often archived data is in an 
obsolete format. To avoid situations like this, one need not 
only data, but also copies of the installation media for the 
applications that created the data. Further, reports and can 
be stored in open source file formats such as XLM. 
 
4.5.5   Redundancy 
To protect against damaged mediums data redundancy 
management is required. 
 
4.5.6   Selective archiving 
Not all data is equally important. The AIM process helps to 
discern and prioritise which data and associated software 
needs to be retained. 
 
4.5.7   Restoring to an isolated environment 
The AIM can assist in defining the archive policy, how the 
data should be restored.  
 
4.5.8   Online vs. offline storage 

Storing data online keeps the data readily accessible. But 
the sheer volume of the archived data may make online 
retention impractical. Furthermore, data that is stored 
online may be vulnerable to theft, tampering, corruption, 
etc. The AIM prioritisation process helps to decide which 
data is to be retained online and which data can be stored 
offline or retired. 
 
4.6      TRAINING AND COMPETENCY STANDARDS 
The inspection program is only as good as the inspector’s 
knowledge of the asset. Therefore inspector training and 
asset relevant competency standards need to be establish.  
 
The AIM inspection work pack forms the basis of where, 
what and how to inspect critical areas. The inspectors 
requires knowing when and how to apply various NDT 
techniques and needs to be able to interpret and record the 
inspection results accurately. Further asset specific safety 
training are required when inspecting a life facility. The 
work-packs include sign-off check-list to ensure that safety 
standards and isolation of areas have been undertaken in 
the appropriate manner, further the work pack include a 
formalised way of reporting. 
 
 
 
5. CONCLUSIONS 
 
The fully harmonized and integrated AIM programme 
proposed by INCITIAS proves to be an effective way of 
ensuring longevity of the assets with minimal interruptions 
to production and operation, and once implemented 
correctly can result in significant cost savings.  
 
 
 
 

The AIM programme aims to ensure the following: 
- The risk of failure endangering the safety of 

personnel, the environment or asset value is 
ALARP. 

- The facilities are able to meet production targets 
of plant availability, quantity and quality. 

- The operations comply with all applicable 
legislation and company policies regarding 
health, safety and the environment. 

- An auditable, controlled system of integrity and 
maintenance management is provided and 
demonstrable. 

- Maintenance data on asset performance is 
recorded and analysed to continually improve the 
maintenance process. 

- Long-term data retention and usability can be 
cost effectively implemented within one 
management and prioritisation process. 

 
Finally, Best-Practice for AIM of marine assets requires 
implementing various methods to estimate the criticality 
using failure rate databases and quantitative modelling. 
This ensures that the likelihood and the severity of the 
observed damages, which inevitably result from 
degradation mechanisms such as corrosion, use and 
fatigue, are correctly evaluated. 
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