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1 SCOPE AND GENERAL INFORMATION 

1.1 FOREWORD  
Oil and Gas (O&G) production facilities, upstream assets, Refineries and Petrochemicals Plants 
are by their nature, due to the fluid handled and operating conditions, industries where there is 
a risk of loss of containment with possibly severe consequences on the health and safety of 
employees, the ecosystem, the integrity of the plant and the reputation of the Company. 

To manage this Risk it is necessary to optimize all the efforts of the activities of the inspection 
carried out during the life of the plants, especially on the items that are most likely to fail and 
with the highest negative consequence(s) resulting from such failure. 

This can be achieved through the adoption of a structured approach that assesses the Risk 
associated to each equipment, structure and system part of a plant by defining the likelihood of 
failure and the consequence in case of failure (ex. loss of containment for pressurized equipment, 
loss of structural integrity for structures, loss of function for instrument and control systems). 

The result of the Risk assessment is an inspection plan that may include monitoring and testing 
activities to enhance the knowledge of the equipment condition and capacity to be operated as 
intended. The inspection plan (or inspection, monitoring & test plan) based on the calculated 
Risk defines: 

• What to inspect, monitor and test; 
• Where to inspect, monitor and test; 
• When to inspect, monitor and test; 
• How to inspect, monitor and test.  

 
It is important to highlight that the scope of an RBI is not to reduce the costs associated with 
inspection activities. 

Inspection activities do not reduce risk directly. It is a risk management activity that can lead to 
risk reduction. Inspection, as monitoring and testing, reduces the uncertainty of the risk 
associated with any equipment, structure or system primarily by improving the knowledge of 
the respective deterioration state.  

1.2 PURPOSE AND SCOPE  
The scope of this Company Standard is to describe the approach recommended by Eni for the 
execution of a Risk-Based Inspection study with the aim to: 

• Assess the risk of Eni’s assets;  
• Plan inspections, monitoring and testing as required, based on risk ranking; 
• Identify the scope, effectiveness and techniques to perform inspections, monitoring and 

testing; 
• Evaluate the results of the inspection combined with those from monitoring and testing; 
• Reassess the Risk, based on the above results and define mitigation factors and/or 

activities. 
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1.3 REFERENCES DOCUMENTS AND NORMATIVES 
The latest edition of each publication shall generally be used, together with any 
amendments/supplements/revisions thereto, however, new revisions/updates during an activity 
or project will not be considered unless there are associated safety/environmental impacts. 
 

# Ref. Code Title 

01 API RP 580 Risk-Based Inspection 

02 API RP 581 Risk-Based Inspection Technology 

03 API RP 574 Inspection of Piping System Components 

04 API RP 571 Damage Mechanisms Affecting Fixed Equipment in the 
Refining Industry 

05 API RP 579 Fitness-for-Service 

06 API 584 Integrity Operating Window – IOW 

07 API RP 17B Recommended practice for flexible pipe 

08 API RP 2RIM Integrity Management of Risers from Floating Production 
Systems 

09 API 510 Pressure Vessel Inspection Code; Maintenance 
Inspection, Rating, Repair, and Alteration 

10 API 651 Cathodic Protection of Aboveground Petroleum Storage 
Tanks 

11 API 653 Tank Inspection, Repair, Alteration, and Reconstruction 

12 ASME B31G Manual for Determining the Remaining Strength of 
Corroded Pipelines 

13 ASTM G16 Practice for Applying Statistics to Analysis of Corrosion 
Data 

14 DNVGL-RP-G101 Risk-Based Inspection of Offshore Topsides Static 
Mechanical Equipment 

15 DNVGL-RP-G103 Non-Intrusive Inspection 

16 DNVGL-RP-0002 Integrity management of subsea production system 

17 DNVGL-RP-F116 Integrity management of submarine pipeline systems 

18 DNVGL-RP-F206 Riser integrity management 

19 EN 13018 Non-destructive testing. Visual testing. General 
principles 

20 EN 16991 Risk-Based Inspection Framework 

21 20602.VAR.COR.SDS Corrosion Integrity Management 
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22 20557.VAR.COR.SDS Corrosion risk assessment methodology 

23 06215.DOC.GEN.SDS Facility Functional Units 

24 02555.VAR.COR.PRG Design Criteria. Internal Corrosion. Corrosion Parameters 
and Classification of the Fluid 

25 20555.VAR.COR.PRG Internal Corrosion Monitoring Specification 

26 20309.VAR.COR.PRG Cathodic protection of buried structures in-plant facilities 

27 20311.VAR.COR.SDS Cathodic protection underwater inspection 

28 11555.VAR.COR.SDS Guidelines for planning cathodic protection surveys of on-
land Buried pipelines 

29 11557.PLI.COR.STD Cathodic protection measurements and surveys for on-
land buried pipelines 

30 20415.ENG.INT.PRG Criteria for the planning of inspections and maintenance 
on onshore and offshore pipelines 

31 28756.ENG.INT.PRG Risk analysis methodology for pipelines RBI development 

32 28755.ENG.INT.PRG Exposure levels of onshore and offshore pipelines 

33 28871.ENG.SSE.REL SURF inspections 

34 20560.ENG.MNU.STD Maintenance Standards Job plans 

35 STAP-P-1_MG-26527 Well Maintenance Procedure 

36 BP.SVI.ENG.004 Plant & Structural Integrity for Asset Integrity 
Management 

37 28010.ENG.MME.STD Inspection Data Management Software Setup & 
Customization 
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1.4 TERMS AND DEFINITIONS  

1.4.1 General Definitions  

All acronyms and abbreviations used in the document are summarized in Section 1.4.2. 
 

i. The Company is Eni SpA; 
ii. The word shall is used to indicate that a provision is mandatory; 
iii. The word should is used to indicate that a provision is not mandatory, but recommended 

as good practice. 

1.4.2 Specific Terms, Definitions, Acronyms and Abbreviations  

Asset Natural resources and all tangible and intangible investments to exploit and to process 
them (including crude oil extraction facilities, storage and import/export facilities, 
hydrocarbon refining facilities, conversion and treatment facilities, power plants and 
environmental treatment facilities). In this document "Assets" means the physical portion 
of the assets. 

Consequence of 
failure 

The consequence of failure through the unintentional release of hazardous fluids, including 
effects on Health and Safety, of employees, as well as of the public, to the environment, 
to the operability of the asset and the company reputation. 

Corrosion 
allowance 

The thickness of material which can safely be allowed to corrode having regard for the 
operating environment and applied stresses 

CMMS A computerized maintenance management system is a software that helps manage assets, 
schedule maintenance and track work orders. 

Critical 
Thickness Profile 

Profile of the penetration if a defect through the wall thickness of a vessel shell or pipe, 
assessed through inspection measurements, for instance by spot UT readings. It shall be 
determined in the longitudinal and circumferential direction. 

Damage (type) The observed effect on a component of the action of a degradation mechanism. The 
damage type gives rise to the failure mechanism of a component. Examples of damage 
include cracking, uniform wall thinning, and pitting. 

Damage model A mathematical and/or heuristic representation of the results of degradation. This may 
express the accumulation of damage over time as functions of physical or chemical 
parameters, and normally includes the estimation of the conditions that give rise to failure. 

Damage rate The development of damage over time. 

Defect A defect is a non-compliance with project specifications or without the acceptance criteria 
defined. 

Design life That period during which an item or component is intended to remain fit for service under 
the specified design and operating process conditions. 

Failure Termination of the ability of a system, structure, or component to perform its required 
function of containment of fluid (i.e. loss of containment). Failure may be unannounced 
and undetectable until the next inspection (unannounced failure) or may be announced 
and detected by any number of methods at the instance of occurrence (announced failure). 

The point at which a component ceases to fulfil its function and the limits placed on it. The 
failure condition must be clearly defined in its relationship to the component. Failure can 
be expressed, for example, in terms of non-compliance with design codes, or exceedance 
of a set risk limit, neither of which necessarily imply leakage. 
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Flaw The physical manifestation of a degradation mechanism, in terms of cracking, pitting or 
wall loss etc. 

HAZOP (Hazard 
and Operability 
Analysis) 

Analysis carried out by a multidisciplinary team which uses a systematic approach to 
identify hazards and operability problems occurring as a result of deviations from the 
intended range of process conditions. 

IDMS Inspection Data Management System. An Inspection Data Management System (IDMS) is 
a software program utilized to organize data related to a facility’s fixed 
equipment inspection regime. 

Inspection An activity carried out periodically and used to assess the progression of damage in a 
component.  Inspection can be through technical instruments (NDT) or as a visual 
examination. 

Inspection 
effectiveness 

A description of the ability of the inspection method to detect the damage type inspected. 

Inspection level The Inspection Level is an attribute given to an item in the inspection planning phase which 
reflects the risk class, or criticality, attributed to the item itself, or a part of it. It is used 
to define the extent of the inspection, for instance as spacing of spot measurements or 
size and number of sample areas to be inspected. 

Inspection 
methods 

How inspection can be carried out such as visual, ultrasonic, radiographic. 

Inspection 
program/plan 

A summary of inspection activities mainly used as an overview of inspection activity for 
several years into the future. 

Internal Visual 
Inspection (VI) 

This is considered as an intrusive close visual examination of all internally accessible plate 
material and, where applicable, conventional magnetic particle (MPI) or dye penetrant 
(DPI) inspection of welds. 

Monitoring An activity carried out over time whereby the amount of damage is not directly measured 
but is inferred by the measurement of factors that affect that damage. An example would 
be the monitoring of CO2 content in a process stream concerning CO2 corrosion. 

NDT Non-destructive testing. Inspection of components using equipment to reveal the defects, 
such as magnetic particles or ultrasonic methods.  

Non-Intrusive 
Inspection (NII) 

This refers to any inspection performed from the outside of the vessel without having to 
break containment and/or not requiring vessel entry. It may be performed on-stream or 
off-stream. The terms “non-invasive” and “non-intrusive” are often used interchangeably. 

Remnant life That period during which it is judged that an item or component will remain safe to operate, 
allowing for the elapsed service life. 

Risk The combination of the probability that a certain event may occur in a certain period or in 
specific circumstances and the consequences that can arise. 

Risk-Based 
Inspection (RBI) 

A decision-making technique for inspection, monitoring and test planning based on risk – 
comprising the probability of failure and consequence of failure. 

Subsea 
Distribution 
System 

Dynamic umbilical, static umbilical, integrated pipeline umbilical, Subsea Distribution Unit 
(SDU) 

Subsea 
Processing 

Multiphase pump, Electrical Submersible Pump (ESP), subsea separator, subsea 
compressor, subsea pump module 

Subsea Safety 
System 

High Integrity Pressure Protection System (HIPPS), Subsea Safety Isolation Valve (SSIV) 
module 

https://inspectioneering.com/tag/fixed+equipment
https://inspectioneering.com/tag/fixed+equipment
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Subsea 
Structures 

Midwater arch, subsea template, crossing support, crossing structure, protective structure 

 

Symbol or 
abbreviation 

Unit Definition 

AE (-) Acoustic Emission 

ALARP (-) As Low As Reasonably Practicable 

BLI (-) Baseline Inspection 

CHIME (-) Creeping Head Inspection 

CMMS (-) Computerized Maintenance Management System 

COF (-) Consequence of Failure 

CR (mm/y) Corrosion rate 

CRA (-) Corrosion Resistant Alloy  

CS (-) Carbon Steel 

CSCC (-) Chloride Stress Corrosion Cracking 

CTP (-) Critical Thickness Profile 

CUI (-) Corrosion Under Insulation 

D (-) Diameter (vessel or piping) 

DFI (-) Design Fabrication Installations 

DL (years) Design life  

DMS (-) Development Management System 

PT (-) Liquid Penetrant Inspection 

ECT (-) Eddy Current Testing 

EL (-) Exposure Level 

EMATs (-) Electromagnetic Acoustic Transmission 

FIV (-) Flow-Induced Vibrations 

HAZID (-) Hazard Identification Study 

HAZOP (-) Hazard and Operability Study 

HSE (-) Health, Safety, Environment 

IDMS (-) Inspection Data Management System 

II (-) Inspection Interval 

IMP (-) Inspection and Maintenance Plan 

IR (-) Base Inspection Interval 

LAS (-) Low Alloy Steel  

LC (-) Location Class 

LCI   (-) Life Cycle Information 

LRUT (-) Long Range Ultrasonic 

MFL (-) Magnetic Flux Leakage 

MP (-) Magnetic Particle Inspection 

N/A (-) Not Applicable 

NDT (-) Non Destructive Testing 

OPDS (-) Opportunity and Project Development System 

OPOS (-) Opportunity and Production Operation System 
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P&ID (-) Process Instrumentation Diagram 

PDEFECT (-) Penetration of a defect 

PEC (-) Pulsed Eddy Current 

PFD (-) Process Flow Diagram 

PIM (-) Pipeline Integrity Management 

PLEM (-) Pipeline End Manifold 

PMI (-) Positive Material Identification 

POD (-) Probability of detection 

POF (-) Probability of Failure 

QC (-) Quality Control 

QRA (-) Quantitative Risk Assessment 

RT (-) Radiography 

RTR (-) Real Time Radiography 

RVI (-) Remote Visual Inspection 

SECE (-) Safety and Environmental Critical Element 

SLOFEC (-) Saturated Low-Frequency Eddy Current 

SSC (-) Sulphide Stress Corrosion Cracking 

S/I (-) Stability/Instability 

T (mm) Nominal wall thickness (referred to a pipe or a vessel) 

tCA (mm) Corrosion allowance 

tCD (mm) Declared design corrosion allowance.  

TMIN (mm) Minimum required thickness 

TOFD (-) Time of Flight Diffraction 

TT (-) Thermography 

UT (-) Conventional Ultrasonic Testing 

VIV (-) Vortex-Induced vibrations 

VT (-) Visual Inspection 

XT (-) Christmas Tree 

1.5 ORDER OF PRECEDENCE  
In conjunction with this specification, the codes, standards and regulations listed in Section 1.3 
shall be applicable. Reference to any Standard or Code shall mean the latest edition of that 
Standard or Code including addenda, supplements or revisions unless otherwise stated in this 
document. 
 
The order of precedence shall be as follows: (descending order) 
 

i. Local Regulations of the Country where the equipment is installed; 
ii. Project Specifications and Data Sheets; 
iii. Company General Specifications; 
iv. International Codes & Standards. 

 
International Standards are at the lower level of the hierarchy, their contents, assumed as a 
reference, is developed and detailed within the Company Specifications considering the specific 
application and the area of business in which Eni SpA is operating. On top of those, there are 
the Local Regulations, the Project Specifications than the Company Specifications. Any applicable 
local mandatory rule prevails on this specification. Should there be a perceived conflict between 
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this standard and other referenced standards, or lack of clear definition as to the applicability of 
any specification or standard, the Facilities Technical Units owner of the Standard, shall seek 
guidance to the Standard Team. 

2 DOCUMENT FORMAT 
 
This standard is composed of a core document that describes the methodology with the main 
damage mechanisms to be considered and several appendixes that deal with different areas of 
application of the RBI approach in Eni’s Assets. 

The basic concepts of an RBI analysis apply to every Eni facility (refining, petrochemical, 
chemical process plants and oil and gas production facilities). There are however some aspects 
specifics of the different types of Assets, that are described in details in the following separated 
Appendixes. 

Appendix: 

 A) Plant  

a. Oil & Gas Upstream 
b. Refinery 
c. Petrochemical 

 
 B) Pipeline 

d. Onshore 
e. Offshore 

i. Rigid steel risers connected to a fixed platform 
ii. Rigid steel pipelines 
iii. Subsea rigid jumpers and subsea rigid spools 

 
 C) Fixed Steel Platform 

f. Jacket/Deck 
g. Crane 

 
D) Naval 

 E) Onshore Civil and Coastal Marine Structures  

h. Buildings 
i. Piperacks 
j. Concrete works 
k. Retaining walls 
l. Underground elements 
m. Steel structures 
n. Equipment foundations 
o. Jetty and port structures 
p. Sea protection works 
q. Water intakes and outfalls 

 
F) Subsea (under preparation) 

r. Rigid steel, hybrid and flexible risers connected to a floating production system 
s. Flexible flowlines and flexible jumpers 
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t. Subsea structures 
u. Subsea XT 
v. Subsea distribution system 
w. Subsea manifold and PLEM 
x. Subsea safety system 
y. Subsea processing. 

 

3 INTRODUCTION 
 

RBI provides an alternative and more efficient approach vs time-based or calendar-based 
inspection planning by focusing the efforts on the areas of the plant or facilities with the highest 
risk.  

The main aim of an RBI study is to optimize the inspection plan accordingly to the acceptable 
risk level defined by the plant owner.  

RBI is focused on any threats (degradation mechanisms, corrosion forms, material deterioration, 
and environmental events) that can be discovered and managed primarily through inspections 
and monitoring activities. 

Although inspection does not reduce risk directly, it is a risk management activity (provider of 
new information) that may lead to risk reduction. 

Inspection influences the uncertainty of the risk associated with assets by improving knowledge 
of the deterioration state and predictability of the POF.  

It has to be noted that Risk is never reduced to zero through an RBI since there will always be 
a residual risk due to factors like operational errors, process upsets, external events or 
limitations of inspection methods available. 

3.1 RBI AT DIFFERENT PROJECT PHASES 
The RBI analysis shall be performed: 

• During the design phase, before the start-up, as part of the handover from Engineering 
to Operations; 

• During operations, if not done during the design phase;  
• In operations, it shall be kept updated throughout the service life of the asset. 

3.1.1 Engineering Phase  

For new assets in the development phase, the RBI analysis shall be performed during the 
Engineering phase to define inspection, monitoring and testing requirements and to 
accommodate such requirements into the design. Based on that, Engineering produces the initial 
inspection, monitoring and test plan to be implemented during the Operation phase. 

In the Engineering phase, the P&IDs issued as “As-Built” are not usually available and the RBI 
analysis is based on P&IDs resulting from the HAZOP analysis. 
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A baseline inspection shall be performed before the start-up to provide base-line data for future 
inspections and to confirm that the equipment/structure/system is free from construction defects 
and compliant with the design.  

3.1.1.1 Handover from Engineering to Operations 

The RBI analysis shall be reviewed taking into account the results of the baseline inspection and 
also any new threats or relevant aspects detected during installation, pre-commissioning and 
commissioning.  

The initial inspection, monitoring and test plan are reviewed based on the RBI re-assessment, 
respective frequency and requirements are adjusted accordingly. 

The results of the RBI analysis shall be uploaded in a dedicated IDMS to be handed over to 
Operations. 

3.1.2 Operation Phase 

Inspection, monitoring and test activities shall be executed as per plan and respective results 
shall be used to update the RBI analysis as soon as possible. 

The inspection, monitoring and test plan shall be revisited following each RBI analysis update to 
accommodate any change of risk criticality. For instance, the risk level of an item may increase 
following and external event as a dropped object or because excessive degradation was detected. 
In that case, besides the root cause investigation, it shall be considered to apply a more rigorous 
inspection interval and to introduce new monitoring techniques and tests whenever applicable. 
In the other hand, it should be considered to extend the inspection intervals as long as more 
knowledge of an item is gained and no degradation is recorded over time. 

Furthermore, considering existing facilities already operating, the RBI methodology can be 
performed as1 a: 

• First implementation to replace a time-based approach; 
• Evaluation after asset acquisition; 
• Asset re-qualification; 
• Update existing RBI to perform a more detailed analysis (quantitative vs qualitative or 

semi-quantitative); 
• Update existing RBI to align with relevant standards; 
• Rerun of existing RBI after new inspections and/or significant process changes. 

 
 

 
1 Rational: There could be the case of a plant already operating for which an RBI analysis has been already performed 
with a different approach (e.g. fully-qualitative) and/or based on an old revision of the API standard. The scope of the RBI 
analysis in this case is to update the analysis using a more detailed approach and/or to align with the new revision of the 
standard. 
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3.1.3 RBI and local regulation 

Before starting an RBI analysis, it shall be verified that the local regulation where the plant is 
located allows planning inspection using an approach based on Risk vs a time-based or calendar-
based approach.  

It shall be verified if the local regulation gives requirements for the definition of the inspection 
intervals in the inspection plan and how these relates to the results of the RBI analysis2. 

3.1.4 RBI and Asset Integrity Management 

RBI is one of the Tasks of Asset Integrity Management and it contributes to the prevention of 
major accidents and to maintain the safe operability of production facilities.  

The Integrity Management System (BP.SVI.ENG.004) has been established to adequately handle 
the Integrity Threats in the engineering phase (OPDS - Opportunity and Project Development 
System) and during production (OPOS - Opportunity and Production Operation System) through 
several well-defined and organized activities, or TASKS. 

3.1.5 Benefits of RBI 

RBI is intended to provide beneficial effects that may lead to: 

− Increased operability through an increase in asset availability and reduction of 
shutdowns; 

− Reduced risks of loss of containment and associated consequences, including safety and 
environmental impact; 

− Inspection effort optimization, through optimization of the number of items and positions 
to be monitored and frequency of inspection; 

− Monitoring optimization, through the identification of most critical positions and 
parameters, to be monitored. 
 

The reasons for selecting a risk-based approach to inspection planning are: 

− To focus inspection efforts on items where the safety, economic or environmental risks 
are identified as being high, whilst similarly reducing the effort applied to low-risk 
systems; 

− To ensure that the overall installation risk does not exceed the risk acceptance limits, set 
by the operator; 

− To identify the appropriate inspection or monitoring methods according to the identified 
degradation mechanisms. 
 

It is important to highlight that the RBI approach can lead to a reduction of the inspection costs, 
however, cost reduction is neither the target nor the motivation of an RBI. 
 

 
2 Rational: In some countries the local regulation foresees that at fixed interval there must be an internal inspection 
irrespective of the results of the RBI analysis while in other countries is possible to delay the internal inspections if 
supported by the results of an RBI. In some countries there are no local regulations that give recommendations or 
instruction on the timing and extent of the inspections and reference is made to API or other international recognized 
standards. 
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4 RBI PROCESS 
 
RBI is a process consisting of independent and correlated steps or tasks: 

 

Figure 1 – Example of RBI process flowchart consisting of both quantitative approach and 
qualitative screening approach. 
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5 RBI OBJECTIVES AND EXTENT 
 
The first step is the definition of objectives and extent. 

5.1 RBI OBJECTIVES 
Definition of the objectives of an RBI represents the first step of the RBI process. 

RBI objectives shall be identified and agreed amongst the Parties involved and Risk-based 
inspection shall address one or more of the following objectives: 

- meeting the requirements of health, safety and environmental regulations; 
- improving the safety and reliability of the plant; 
- optimizing inspection and maintenance (possibly also production and quality) activities;  
- extending the useful service life of the plant, e.g. beyond its design life, and 

implementing an appropriate end of life strategy.  
 

The RBI objective shall take into account: 

− the phase of the asset within the project life: 
- design; 
- installation, pre-commissioning and commissioning; 
- operation; 
- re-qualification; 
- new asset operated by Eni;  

− requirements from the legislation of the country where the asset is located; 
− time available to perform the RBI study; 
− timing for the RBI:  

- after inspection (routine periodical or extraordinary); 
- following a failure; 
- following a change in operating or process conditions and/or fluid composition; 
- significant environmental events; 

− cost-related aspects: e.g. budget available to perform the RBI study, budget for the 
inspection activities; 

− technologies available for the inspections. 

5.1.1 The RBI Team 

The RBI is a complex process which involves several, including: 

− specialists covering the various type of assets (equipment, structures and systems) being 
assessed; 

− specialists with corrosion and materials background; 
− Inspection and monitoring techniques specialist; 
− Engineering manager or representative; 
− HSE manager or representative; 
− Asset Integrity manager or representative; 
− Maintenance manager or representative; 
− Operation manager or representative; 
− Contractors when done during the design phase; 
− Independent Third Parties. 
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5.1.2 RBI Deliverables 

The main typical deliverables of an RBI study are: 

• RBI Report; 
• Inspection Plan and/or Inspection, Monitoring and Test Plan as applicable to the asset; 
• WSE (Written Scheme of Examination) identified on construction/mechanical drawings 

for equipment/structures and isometrics for piping; 
• (Plant Facilities) Corrosion Loops identified on PFDs and P&IDs; 
• (Plant Facilities) Corrosion Loops Masters: List of all the corrosion loops with identification 

of the damage mechanisms and main data (e.g. operating conditions, materials of 
construction, etc.); 

• Eventual improvement activities documentation suggested by the study. 
 

When the RBI study is completed all the main deliverables shall be uploaded in the IDMS.  

5.2 RBI EXTENT 
The asset object of the RBI process shall be defined, and battery limits established. Once 
identified the asset and the battery limits, an Asset Register shall be created to list all items to 
be included in the RBI analysis.  

Grouping of items is recommended to simplify the analysis; the main criteria used to group items 
are the potential damage mechanisms, which are based on: 

• Material; 
• Sizes/thickness; 
• Exposure conditions (present and past);  
• Operating parameters; 
• Fluid composition; 
• Presence of coating and insulation; 
• Environment: 

- Buried; 
- Underwater; 
- Atmospheric. 

5.3 RBI APPROACH 
An RBI analysis can be performed with different level of details:  

- Qualitative; 
- Quantitative; 
- Semi-Quantitative.  

 
The main differences between the approaches are in the level of details and data necessary to 
perform the study. 
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Figure 2 - Continuum of RBI Approaches (Ref. API 580) 

 
Qualitative: A risk analysis using primarily subject matter expertise and experience to assign 
broad categorizations for POF and COF.  

This approach requires data inputs based on descriptive information using engineering judgment, 
subject matter expertise, and experience as the basis for the analysis of probability and COF.  

Inputs are often given in data ranges instead of discrete values. Results are typically given in 
qualitative terms such as high, medium, and low, although numerical values may also be 
associated with these categories.  

Pros:  

• Enables completion of a risk assessment in the absence of detailed quantitative data; 
• Effective in screening out units and equipment with low risk;  
• Requires less time and efforts; 
• The qualitative approach can be used as a screening methodology in case the study 

covers a lot of items to be analyzed. 
 

Cons:  

• The accuracy of results from a qualitative analysis is dependent on the background and 
expertise of the risk analysts and team members; 

• Less precise than more quantitative approaches; 
• Qualitative assessments generally are not as repeatable as quantitative assessments; 
• Generally, more conservative associated with the more qualitative approach should be 

considered when making final mitigation and inspection plan decisions. 
• A qualitative approach alone is not able to give a valuable ranking between those items. 

 
Quantitative: A risk analysis that uses primarily model-based approaches where numerical 
values are calculated, and more discreet input data used. 

Quantitative programs are model-based approaches where numerical values are calculated, and 
more discreet input data used.  

Pros: 

• Calculates, with some precision, when the risk acceptance limit is reached or exceeded; 
• Discrimination between equipment risk allowing prioritization of mitigation; 
• Trending and monitoring risk exposure over time as well as other metrics; 
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• Benchmarking of reliability management such as POF trending and comparisons; 
• More systematic, consistent, and documented, and they can be updated with inspection 

results than qualitative approaches; 
• A software program is used to calculate risk and develop inspection program 

recommendations; 
• The models are initially data-intensive, but the use of models removes repetitive, detailed 

work from the traditional inspection planning process. 
 
Cons: 

• Requires more data than a qualitative or semi-quantitative; 
• Requires more time for the analysis; 
• Cost is higher than a qualitative or semi-quantitative; 
• Requires a dedicated software;  
• Requires a more rigorous approach in terms of update after inspection, monitoring and 

testing activities. 
 

Semi-Quantitative: A risk analysis that includes aspects of both qualitative and quantitative 
analyses. 

It is geared to obtain the major benefits of the previous two approaches (e.g. speed of the 
qualitative and rigor of the quantitative). Typically, most of the data used in a quantitative 
approach are needed for this approach, but in less detail. The models may not be as rigorous as 
those used for the quantitative approach. The results are usually given in consequence and 
probability categories or as risk numbers, but numerical values may be associated with each 
category to permit the calculation of risk and the application of appropriate risk acceptance 
criteria. 

The selection of the type of approach to be used depends on factors like: 

• Time available to perform the study; 
• Number of the item to be analysed; 
• Local regulations; 
• Available data; 
• Available expertise. 

 
A possible approach is to perform at first a screening / qualitative analysis to define the items 
or group of items with a low level of risk, for which a general inspection plan will be developed. 
More details are given in the relevant appendixes. 

The items with a medium-high level of Risk will be then analysed with a quantitative methodology 
and a detailed inspection plan (i.e. WSE) will be prepared.  

An example of this approach is reported below. 
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Figure 3 - Example of a screening process  

 

6 DATABASE 

6.1 DATA COLLECTION AND REVIEW 
The source of data available shall be identified and it is usually found in the following 
documentation: 

− Design premises and design codes; 
− Geohazard Report; 
− Seismic Hazard Report; 
− Design life; 
− Layout drawings; 
− P&IDs; 
− PFDs; 
− Piping class specifications; 
− Heat and material balances; 
− Corrosion prevention philosophy studies; 
− Corrosion monitoring data; 
− Materials selection reports; 
− Material selection diagram (MSD); 
− Mechanical data-sheets; 
− Flow rate data, past and forecast; 
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− Operating data, past and actual; 
− Fluid composition, past and actual; 
− Failure track records and failure analysis reports; 
− Inspection history and reports; 
− Monitoring reports; 
− Test history and reports; 
− Repair interventions history and reports; 
− Painting, coating and insulation specifications; 
− Cathodic protection specification; 
− Cathodic protection inspection reports; 
− Previous risk assessments, including HAZOP, HAZID and FMEA; 
− Construction drawings / general arrangement drawings; 
− Legislation and standard codes. 

 
The quantity and quality of data shall be tailored to the expected level of detail of the RBI 
analysis. 

Where no data exists (e.g. inspection data in case of RBI performed in the design phase) a 
conservative risk approach should be applied. 

Each selected item shall be univocally identified by a code or tag. 

6.2 DATABASE SETUP AND MANAGEMENT 
The documents listed in the previous paragraph, together with all useful sources, shall be 
reviewed, validated and uploaded into a dedicated IDMS (Ref. /37/). 

As a minimum, the database shall contain the following categories of data (for each item): 

− Codes and extent (from/to for pipework only); 
− Dimensional data; 
− Materials and grades; 
− Design and operating parameters (actual and past); 
− Fluid chemical analysis and physical parameters (actual and past); 
− Bacterial analysis (water only); 
− Fluid treatments with chemicals: types; injection points; injection mode; dosages (actual 

and past); 
− Process treatments; 
− Cathodic protection data (actual and past); 
− Coating and painting; 
− Monitoring data; 
− Inspection and failures data; 
− Risk matrixes. 
 

7 INSPECTIONS 

7.1 BASELINE INSPECTION 
To increase the data quality in case of new facilities, or new items to be incorporated in an 
existing facility before the respective start-up a “baseline inspection” should be performed to: 

• measure the actual thickness of the item to be used as a reference for RBI analysis; 



eni spa  02961.ENG.COR.PRG                                                                                                                                                                            
Rev. 01 – November 2020                                                                                  
            Pag. 24 of 31 

 

ENGINEERING COMPANY STANDARD 
Documento riservato di proprietà di Eni spa. Esso non sarà mostrato a terzi né utilizzato per scopi diversi da quelli per i quali è stato inviato.  

This document is property of Eni spa. It shall neither be shown to third parties nor used for purposes other than those for which it has been sent. 

• assess any non-compliance with the original design (e.g. pipe installed with a schedule 
different from the piping class); 

• verify that the thickness is within the fabrication tolerance 3; 
• perform other NDT to be used as a reference for RBI analysis. 

 

In the case of subsea assets, baseline inspections usually coincide with the as-built surveys and 
shall be used to capture any new threats or damages and/or anomalies from installation and 
pre-commissioning activities.  

The available results from the baseline inspections shall be evaluated and taken into account 
during the updating of the RBI analysis for re-assessing the active damage mechanisms and 
damage (e.g. corrosion) rates. 

Further details are defined in each Appendix. 

7.2 FIRST INSPECTION 
The scope of the First Inspection is to: 

• Verify the assumptions of the RBI analysis (e.g. Active damage mechanisms); 
• Verify critical areas where damage is most likely to occur; 
• Compare obtained results with those from the baseline inspection for damage evaluation 

(e.g. Corrosion rate) and for detecting any change of condition or any new threat to the 
asset; 

• Ensure that the asset can be safely operated until the next inspection; 
• Gather input data for RBI update. 

7.3 FITNESS FOR SERVICE 
In case of non-compliance with the original design or if flaws/damage are discovered during 
inspections and are not possible to intervene on the defect/non-conformity, a Fitness for Service 
(FFS) analysis shall be performed to evaluate the structural integrity of the components and 
their suitability for continuous service. 

The FFS is not part of the RBI process, but its output can impact RBI input data and results. Due 
to this reason, FFS studies have always to be taken into account during the database creation 
phase. 

 

8 DAMAGE MECHANISMS 
 
The damage mechanisms are defined as how a component degrades thus reducing its ability to 
carry out its function (Ref. /4/). 

Several damage mechanisms can affect the integrity of production facilities and structural 
components. Some of the main categories are: 

− Mechanical and Metallurgical Failure Mechanisms;  
− Uniform or Localized Loss of Thickness;  
− High-temperature corrosion; 

 
3 Mismatched materials during construction. 



eni spa  02961.ENG.COR.PRG                                                                                                                                                                            
Rev. 01 – November 2020                                                                                  
            Pag. 25 of 31 

 

ENGINEERING COMPANY STANDARD 
Documento riservato di proprietà di Eni spa. Esso non sarà mostrato a terzi né utilizzato per scopi diversi da quelli per i quali è stato inviato.  

This document is property of Eni spa. It shall neither be shown to third parties nor used for purposes other than those for which it has been sent. 

− Environmental – Assisted Cracking; 
− Environmental events. 
 

Amongst the degradation mechanisms, a distinction can be made between time-dependent and 
non-time dependent mechanisms.  

Non-time dependent degradation mechanisms occur as sudden rupture, for instance by fracture, 
and inspection criteria based on inspection intervals cannot be applied. 

RBI, in its most appropriate and complete interpretation, applies to time-dependent degradation 
mechanisms where risk prediction can be performed. However, the RBI approach can be 
extended and adapted to all expected degradation mechanisms. 

8.1 IDENTIFICATION OF APPLICABLE DAMAGE MECHANISMS 
The scope of the first step in an RBI analysis is to identify all the reasonable damage mechanisms 
that can be active in the asset under evaluation based on: 

• Fluid composition (for process equipment); 
• Operating conditions; 
• Environment (Offshore, Onshore, Subsea); 
• Material of Construction; 
• Inspection/maintenance history. 

 

In the next table are reported the most common damage mechanisms expected based on API 
571 and DNVGL-F116, along with the indication of the industries where they are commonly 
active if they are internal (Int) or external (Ext) and the most commonly affected materials. 

It shall be noted that the next table may not cover all damage or degradation mechanisms of all 
types of equipment, structures and systems presently installed in the various Eni 
facilities/assets.  

Therefore, applicable damage mechanisms may vary and shall be customized on a case by case 
basis depending on the type of facility/asset being analyzed. 
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Table 1 - List of Damage mechanisms  

 

Material 
Affected

Int
Ext

Plant Sub Pip. Naval Civil Struc

Mechanical and Metallurgical Failure Mechanisms
Graphitization CS/LAS I X
Softening (Spheroidization) CS/LAS I X
Temper Embrittlement LAS I X
Strain Aging CS/LAS I X
885°F (475oC) Embrittlement CRA I X
Sigma Phase Embrittlement CRA I X
Brittle Fracture CS/LAS/CRA I X X X X X X
Creep and Stress Rupture ALL I X X
Thermal Fatigue ALL I X
Short Term Overheating – Stress Rupture ALL I X
Steam Blanketing CS/LAS I X
Dissimilar Metal Weld (DMW) Cracking CS/LAS I X X X
Thermal Shock ALL I X
Erosion/Erosion – Corrosion ALL I X X X
Cavitation ALL I X X X
Mechanical Fatigue ALL I X X X X X X
Vibration-Induced Fatigue ALL I X X X X X
Refractory Degradation REF I X
Reheat Cracking LAS/CRA I X
Gaseous Oxygen-Enhanced Ignition and Combustion CS/CRA I X

Galvanic Corrosion ALL I/E X X X X X
Atmospheric Corrosion CS/LAS E X X X X X
Corrosion Under Insulation (CUI) CS/LAS/CRA E X X X X X
Cooling Water Corrosion ALL I X
Boiler Water Condensate Corrosion ALL I X
CO2 Corrosion CS/LAS I X X X
Flue-Gas Dew-Point Corrosion CS/LAS/CRA I X
Microbiologically Induced Corrosion (MIC) ALL I/E X X X X X X
Soil Corrosion CS/LAS E X X X X X
Caustic Corrosion CS/LAS/CRA I X
Dealloying CU/CI I X
Graphitic Corrosion CI I X
Seawater Corrosion ALL I/E X X X X X X

Oxidation ALL I X
Sulfidation ALL I X
Carburization CS/CRA I X
Decarburization CS/CRA I X
Metal Dusting CS/CRA I X
Fuel Ash Corrosion ALL I X
Nitriding CS I X

Chloride Stress Corrosion Cracking (Cl-SCC) CRA I/E X X X X X
Corrosion Fatigue ALL I X X
Caustic Stress Corrosion Cracking (Caustic Embrittlement) CS I X
Ammonia Stress Corrosion Cracking CS I X
Liquid Metal Embrittlement (LME) CS/CRA I/E X
Hydrogen Embrittlement (HE) CS/CRA I/E X X X X
Ethanol Stress Corrosion Cracking (SCC) CS I X
Sulfate Stress Corrosion Cracking CS/CRA I X

Materials Ageing NON METAL I X X X X X X

High Temperature Corrosion [>400°F (204°C)] 

Environment – Assisted Cracking 

Damage mechanisms that are common to a variety of industries

·  Uniform or Localized Loss of Thickness 

Other Mechanisms 
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Material 
Affected

Int
Ext

Plant Sub Pip. Naval Civil Struc

Amine Corrosion CS I X
Ammonium Bisulfide Corrosion (Alkaline Sour Water) CS I X
Ammonium Chloride Corrosion CS I X
 Hydrochloric Acid (HCl) Corrosion ALL I X
High Temp H2/H2S Corrosion CS I X
Hydrofluoric (HF) Acid Corrosion ALL I X
Naphthenic Acid Corrosion (NAC) CS/CRA I X
Phenol (Carbolic Acid) Corrosion CS/CRA I X
 Phosphoric Acid Corrosion ALL I X
Sour Water Corrosion (Acidic) CS I X
Sulfuric Acid Corrosion ALL I X
Aqueous Organic Acid Corrosion CS I X

Polythionic Acid Stress Corrosion Cracking (PASCC) CS/CRA I X
Amine Stress Corrosion Cracking ALL I X
Wet H2S Damage (Blistering/HIC/SOHIC/SSC) ALL I/E X X X
Hydrogen Stress Cracking - HF CS I X
Carbonate Stress Corrosion Cracking (ACSCC) CS E X

High Temperature Hydrogen Attack (HTHA) ALL I X
Titanium Hydriding Titanium I X

Free Span ALL E X X
Landslide ALL E X X X X
Ice Loads ALL E X X
Trawling ALL E X X
Vessel Impact ALL E X X X X
Vandalism ALL E X
Earthquake ALL E X X X X X
Storm ALL E X X X X X X
Dropped Object ALL E X X X
Landslide ALL E X X X X
Marine Growth ALL E X X X X X
Anchor ALL E X
Temperature Variations ALL E X
Freeze/Thaw Cycle Concrete E X

Global Buckling ALL I/E X X X
End Expansion ALL I/E X
Static Overload ALL I/E X X X
On-bottom Stability ALL I/E X X
Pipe Walking ALL E X
Cracking Concrete E X
Fatigue ALL I/E X X X

Structural Threats

Damage mechanisms that are specific to the refining and petrochemical industries

Environmental and External Threats

Environment-Assisted Cracking

Other Mechanisms 

Uniform or Localized Loss in Thickness Phenomena 
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8.2 ITEM GROUPING 
The scope of this activity is to reduce the time required to perform the Risk Analysis and also to 
develop an inspection, monitoring and test plan for a group of items instead of a specific plan 
for each item. 

Grouping is based on items that are exposed to the same operating conditions, external 
environment, made of the same material, thus having the same potential degradation 
mechanisms.  

9 RISK ANALYSIS 
 
Risk analysis is the task within the RBI process whose outputs allow to rank the items analyzed 
based on their level of risk to optimize the inspection activities.  

The calculation of risk (R) involves the determination of a probability of failure (POF) combined 
with the consequence of failure (COF): 

R(t) = Pf (t) x Cf 

- Pf, POF is a function of time since it increases as the damage in the component accumulate 
with time. 

- Cf, COF is assumed to be invariant as a function of time. However, significant process 
changes, items modifications and installation of active/passive protection systems can result 
in COF changes. 

9.1 RISK MATRIX 
The POF and COF are plotted on a risk matrix to show the Risk level. 

It is possible to use different Risk Matrixes to show the level of risk of a single item or a group 
of items (e.g. corrosion loops, process units) depending on the standard used for the Risk 
assessment. 

The same risk matrix shall be used in all the phases of the entire life of the asset from the 
development to the operation. 

Recommended Risk matrix are defined in each Appendix. 

9.2 ACCEPTABLE RISK LEVEL 
At the beginning of each RBI, it is required to define the Risk Target or Acceptable Risk Level in 
compliance with Company HSE requirements and Local ones. 

The Risk Target is defined as the maximum level acceptable for continued operation without 
requiring a mitigating action. Once the target has been met or exceeded, an activity such as 
inspection shall be performed.  

9.3 RISK ANALYSIS RESULTS 
The risk analysis allows, for each evaluated item, to position the item in the risk matrix through 
the relevant coordinates of failure likelihood and consequence, and then to assign a risk level. 
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As a result of the risk analysis the following information is provided: 

− Expected degradation mechanisms; 
− Expected damage morphologies; 
− Localization of the attacks (e.g. Bottom-of-line for CO2 corrosion; elbows for erosion-

corrosion, etc.); 
− Risk level with relative POF and COF; 
− Ranking by risk classes for homogeneous items (e.g. Vessels and pipework for 

homogeneous process units). 
 

The above information is used in the inspection planning step of the RBI process. 

 

10 INSPECTION, MONITORING AND TEST PLANNING EXECUTION 

10.1 INSPECTION PLAN 
Planning is the key task of RBI process, aimed to establish the requirements for inspection, 
monitoring and testing execution. 

The following minimum information shall be included in the Plan: 

− Ranking of items based on risk class; 
− Selection, for each type of item (vessels, pipework, etc.), of the methods and 

technologies to be applied; 
− Extent and coverage; 
− General requirements for execution; 
− Schedule; 
− WSE (written scheme of examination) for critical equipment (e.g. Equipment analysed 

with a quantitative approach in the RBI analysis); 
− Reporting requirements. 

 
In every appendix of this standard the applicable and recommended inspection, monitoring and 
testing methods are described. 

 

11 RESULTS EVALUATION 

11.1 INSPECTION RESULTS ANALYSIS 
Results of inspection, monitoring and testing shall be adequately validated and compliance with 
inspection plans. In case of deviations, for instance, due to impossibility to perform inspections 
in some areas (e.g. presence of obstacles; inaccessibility; etc.), this shall be recorded. 

The results shall be available in a convenient format, depending on the type of NDT methods 
that can be easily uploaded into an IDMS. 

Complete and univocal indications shall be reported of:  

• Item tag number; 
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• Inspection positions; 
• Time of inspection; 
• Instrumentation employed; 
• NDT operator; 
• Any other useful information. 

 

Results shall be analyzed and compared with RBI analysis. In particular, for each item, the 
predicted damage mechanisms forms and their severity shall be confirmed through inspection, 
monitoring and testing results. 

11.2 DEFECTS EVALUATION: ACCEPTANCE, REPAIR OR REPLACEMENT 
Defect analysis shall be carried out using applicable standard, for instance, API-RP-579 (Ref. 
/5/) which provides guidance for conducting Fitness-for-Service assessment for in-service 
pressurized items containing a flaw or damage.  

The scope of the analysis is to define if: 

− A defect is acceptable at design conditions; 
− A defect is acceptable after de-rating of the item; 
− A defect is not acceptable and shall be repaired; 
− A defect is not acceptable, and the item shall be abandoned and replaced. 

11.3 RE-EVALUATION 
Inspection, monitoring and testing results represent feed information for the next RBI 
assessment. 

In the case of criticality resulting from the inspection activities that have an impact on the 
calculated Risk, it is necessary to assess the proper actions to be implemented to remain below 
the Risk Target. 

The possible actions could be: 

• Item replacement; 
• Item repair; 
• Change of material; 
• Change of operating conditions; 
• Implementing a system to reduce the consequence of failure. 

 
Accordingly, the database of the asset under evaluation shall be updated with the results. 

Re-assessment have an impact on: 

− Attribution of risk class, or criticality; 
− Inspection, monitoring and test intervals. 
 

12 IDMS 
 
The inspection plan, RBI results and WSE shall be uploaded into an IDMS (Ref. /37/) before the 
handover to Operation. 
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An Inspection Data Management System (IDMS) is a software program utilized to organize data 
related to a facility’s fixed equipment inspection regime. 

IDMS software focuses on two primary tasks. The first is creating and keeping track 
of inspection schedules for various equipment. The second is to record the results of each 
inspection for later review and analysis.  

The IDMS should also incorporate a Risk-Based Inspection (RBI) tools to perform analysis using 
the results of the inspections activities.  

The IDMS should also be connected to the Computerized Maintenance Management System 
(CMMS) used by the operator to manage the work orders for the Inspection activities. 

https://inspectioneering.com/tag/fixed+equipment
https://inspectioneering.com/tag/inspection
https://inspectioneering.com/tag/risk-based+inspection

	1 SCOPE AND GENERAL INFORMATION
	1.1 foreword
	1.2 PURPOSE AND SCOPE
	1.3 References Documents and Normatives
	1.4 Terms and Definitions

	1.1
	1.2
	1.3
	1.4.1 General Definitions
	1.4.2 Specific Terms, Definitions, Acronyms and Abbreviations
	1.5 Order of Precedence

	2 doCUMENT FORMAT
	3 introduction
	3.1 RBI at different project phases
	3.1.1 Engineering Phase
	3.1.1.1 Handover from Engineering to Operations

	3.1.2 Operation Phase
	3.1.3 RBI and local regulation
	3.1.4 RBI and Asset Integrity Management
	3.1.5 Benefits of RBI


	4 RBI PROCESS
	5 RBI OBJECTIVES AND EXTENT
	5.1 RBI Objectives
	5.1.1 The RBI Team
	5.1.2 RBI Deliverables

	5.2 RBI Extent
	5.3 RBI Approach

	6 Database
	6.1 Data collection and review
	6.2 Database setup and management

	7 inspections
	7.1 baseline inspection
	7.2 first inspection
	7.3 fitNEss for service

	8 damage mechaniSms
	8.1 identification of applicable damage mechanisms
	8.2 item grouping

	9 risk analysis
	9.1 risk matrix
	9.2 acceptable risk level
	9.3 risk analysis results

	10 inspection, monitoring and test planning execution
	10.1 inspection plan

	11 results evaluation
	11.1 inspection results analysis
	11.2 defects evaluation: acceptance, repair or replacement
	11.3 re-evaluation

	12 idms
	02961 Appendix A - 27Nov.pdf
	1 SCOPE AND GENERAL INFORMATION
	1.1 PURPOSE AND SCOPE
	1.2 References Documents and Normatives

	2 RBI ASSESSMENT APPROACH
	2.1 RBI EXTENT / TARGET
	2.1.1 RBI Extent
	2.1.2 RBI Target
	2.1.2.1 Risk Target
	2.1.2.2 Probability of Failure (POF) Target
	2.1.2.3 Damage Factor (DF) Target
	2.1.2.4 Maximum inspection interval target
	2.1.2.5 Equipment over target


	2.2 Corrosion Loops
	2.3 RISK ANALYSIS
	2.3.1 Type of Analysis
	2.3.1.1 Qualitative
	2.3.1.2 Quantitative
	2.3.1.3 Semi-Quantitative


	2.4 RECOMMENDED APPROACHES – RBI ITEM COVERAGE
	2.4.1 Upstream
	2.4.1.1 Utilities
	2.4.1.2 Process

	2.4.2 Refinery / Petrochemical
	2.4.3 Storage Tanks

	2.5 RISK ASSESSMENT
	2.5.1 POF – Probability of Failure
	2.5.2 Consequence of Failure (COF)
	2.5.2.1 Upstream Fluids


	2.6 risk matrix

	3 INSPECTION PLANNING, EXECUTION and results evaluation
	3.1 INSPECTION PLAN
	3.1.1 Inspection methods selection
	3.1.2 WSE – Written Scheme of Examination

	3.2 INSPECTION TIMING AND TYPE
	3.2.1 Baseline Inspection
	3.2.2 First Inspection
	3.2.3 Leakage/Failure Follow-UP
	3.2.4 Inspection Plan

	3.3 MAXIMUM INTERVAL BETWEEN INSPECTIONS
	3.4 TYPE OF INSPECTIONS AND NDT METHODS
	3.4.1 Intrusive and non-intrusive inspections

	3.5 INTEGRITY OPERATING WINDOWS - IOW
	3.6 RESULTS EVALUATION
	3.6.1 Inspection results evaluation

	3.7 DEFECT EVALUATION: ACCEPTANCE, REPAIR OR REPLACEMENT
	3.8 RBI RE-ASSESSMENT

	4 cmms / IDMS
	5 DELIVERABLES
	6 ANNEX A: API MODIFIED RISK ASSESSMENT PROCEDURE
	A.1 – MIC Microbiologically Induced Corrosion
	A.2 - Erosion Corrosion
	A.3 - Oxygen Corrosion
	A.4 - Pitting and Crevice Corrosion
	A.5 - SSC Sulphide Stress Cracking
	A.6 - CO2 Corrosion
	A.7 - Galvanic Corrosion and Mercury Corrosion

	7 ANNEX B: SCREENING QUESTIONNAIRE FOR QUALITATIVE ANALYSIS
	8 ANNEX C: EXAMPLE OF CORROSION LOOPS FOR PLANT FACILITIES IDENTIFIED ON A PFD
	9 ANNEX D: EXAMPLE OF WSE FOR AN EQUIPMENT
	10 ANNEX E: EXAMPLE OF WSE FOR A PIPE

	02961 Appendix B - 27Nov.pdf
	1 SCOPE AND GENERAL INFORMATION
	1.1 PURPOSE AND SCOPE
	1.2 References Documents and Normatives

	2 RBI ASSESSMENT APPROACH
	2.1 meTHODOLOGY FOR EXPOSURE LEVELS (elS)
	2.2 RISK ASSESSMENT APPROACHES
	2.3 THREATS
	2.4 POF AND COF EVALUATIONS
	2.5 RISK MATRIX

	3 INSPECTION PLANNING, EXECUTION AND RESULTS EVALUATION
	4 CMMS/IDMS
	4.1 CMMS
	4.2 IDMS


	02961 Appendix C - 27Nov.pdf
	1 SCOPE AND GENERAL INFORMATION
	1.1 PURPOSE AND SCOPE
	1.2 References Documents and Normatives

	2 RBI ASSESSMENT APPROACH
	2.1 JACKET STRUCTURE - SUBSTRUCTURE
	2.1.1 RISK ASSESSMENT APPROACH
	2.1.2 THE FATRIP PROCEDURE DESCRIPTION
	2.1.3 STRUCTURAL SAFETY LEVELS (SAFETY INDEX) COMPONENTS BASED ON DAMAGE CONSEQUENCE (DESIGN PHASE)
	2.1.4 FATIGUE RELIABILITY TARGETS (ANNUAL TARGETS) FOR NDT PLANNING

	2.2 TOPSIDE STRUCTURE

	3 INSPECTION PLANNING, execution and results evaluation
	3.1 Inspection results evaluation

	4 CMMS/IDMS

	02961 Appendix D - 27Nov.pdf
	1 SCOPE AND GENERAL INFORMATION
	1.1 PURPOSE AND SCOPE
	1.2 References Documents and Normatives

	2 RBI ASSESSMENT APPROACH
	3 INSPECTION PLANNING, EXECUTION AND RESULTS EVALUATION
	4 CMMs AND FIM





eni spa                                                      
                                                                                                       


ENGINEERING COMPANY STANDARD 
Documento riservato di proprietà di Eni spa. Esso non sarà mostrato a terzi né utilizzato per scopi diversi da quelli per i quali è stato inviato.  


This document is property of Eni spa. It shall neither be shown to third parties nor used for purposes other than those for which it has been sent. 


COMPANY STANDARD 
 


APPENDIX A: PLANT FACILITIES 
 
 
 
 
 
 
 


02961.ENG.COR.PRG 
Rev. 01 – November 2020 


 
 
 
 
 
ABSTRACT This appendix deals with the execution of an RBI study for Plant 


facilities in Upstream (Onshore and Offshore Topside Facilities), 
Refinery and Petrochemical facilities and is mainly based on API Std 
580 and API Std 581. 


 
 
 
 
 
 
 
 
 
 
 


 
 
 







eni spa  02961.ENG.COR.PRG                                                                                                                                                                            
Rev. 01 – November 2020                                                                                  


            Pag. 2 of 35 
 


   
 


 


 INDEX 
 
1 SCOPE AND GENERAL INFORMATION 4 


1.1 PURPOSE AND SCOPE 4 


1.2 REFERENCES DOCUMENTS AND NORMATIVES 4 


2 RBI ASSESSMENT APPROACH 6 


2.1 RBI EXTENT / TARGET 7 


2.1.1 RBI Extent 7 


2.1.2 RBI Target 7 


2.1.2.1 Risk Target 7 


2.1.2.2 Probability of Failure (POF) Target 7 


2.1.2.3 Damage Factor (DF) Target 8 


2.1.2.4 Maximum inspection interval target 8 


2.1.2.5 Equipment over target 8 


2.2 CORROSION LOOPS 9 


2.3 RISK ANALYSIS 9 


2.3.1 Type of Analysis 9 


2.3.1.1 Qualitative 9 


2.3.1.2 Quantitative 9 


2.3.1.3 Semi-Quantitative 9 


2.4 RECOMMENDED APPROACHES – RBI ITEM COVERAGE 9 


2.4.1 Upstream 10 


2.4.1.1 Utilities 10 


2.4.1.2 Process 10 


2.4.2 Refinery / Petrochemical 11 


2.4.3 Storage Tanks 11 


2.5 RISK ASSESSMENT 11 


2.5.1 POF – Probability of Failure 11 


2.5.2 Consequence of Failure (COF) 14 


2.5.2.1 Upstream Fluids 14 


2.6 RISK MATRIX 14 


3 INSPECTION PLANNING, EXECUTION AND RESULTS EVALUATION 16 


3.1 INSPECTION PLAN 16 


3.1.1 Inspection methods selection 16 







eni spa  02961.ENG.COR.PRG                                                                                                                                                                            
Rev. 01 – November 2020                                                                                  


            Pag. 3 of 35 
 


   
 


 


3.1.2 WSE – Written Scheme of Examination 16 


3.2 INSPECTION TIMING AND TYPE 17 


3.2.1 Baseline Inspection 17 


3.2.2 First Inspection 18 


3.2.3 Leakage/Failure Follow-UP 18 


3.2.4 Inspection Plan 18 


3.3 MAXIMUM INTERVAL BETWEEN INSPECTIONS 18 


3.4 TYPE OF INSPECTIONS AND NDT METHODS 18 


3.4.1 Intrusive and non-intrusive inspections 18 


3.5 INTEGRITY OPERATING WINDOWS - IOW 19 


3.6 RESULTS EVALUATION 19 


3.6.1 Inspection results evaluation 19 


3.7 DEFECT EVALUATION: ACCEPTANCE, REPAIR OR REPLACEMENT 19 


3.8 RBI RE-ASSESSMENT 20 


4 CMMS / IDMS 20 


5 DELIVERABLES 20 


6 ANNEX A: API MODIFIED RISK ASSESSMENT PROCEDURE 22 


A.1 – MIC Microbiologically Induced Corrosion 23 


A.2 - Erosion Corrosion 24 


A.3 - Oxygen Corrosion 25 


A.4 - Pitting and Crevice Corrosion 26 


A.5 - SSC Sulphide Stress Cracking 27 


A.6 - CO2 Corrosion 28 


A.7 - Galvanic Corrosion and Mercury Corrosion 29 


7 ANNEX B: SCREENING QUESTIONNAIRE FOR QUALITATIVE ANALYSIS 31 


8 ANNEX C: EXAMPLE OF CORROSION LOOPS FOR PLANT FACILITIES 
IDENTIFIED ON A PFD 32 


9 ANNEX D: EXAMPLE OF WSE FOR AN EQUIPMENT 33 


10 ANNEX E: EXAMPLE OF WSE FOR A PIPE 35 


 
 
  







eni spa  02961.ENG.COR.PRG                                                                                                                                                                            
Rev. 01 – November 2020                                                                                  


            Pag. 4 of 35 
 


   
 


 


1 SCOPE AND GENERAL INFORMATION 
 


1.1 PURPOSE AND SCOPE  
This appendix deals with the execution of an RBI study for Plant facilities in Upstream 
(Onshore and Offshore Topside Facilities), Refinery, Petrochemical and Chemical Process 
Plant based on API Std 580 and API Std 581.  
 
Even if the API standards have been developed mainly for the Petrochemical and Refinery 
industries, they apply also to other sectors, like in the Upstream Oil & Gas, with some 
modifications to the methodology used for the assessment of the likelihood and 
consequence of failure. 
 
In this appendix, guidelines are provided on: 
 


• How to approach an RBI study with a Qualitative / Quantitative method; 
• Damage mechanisms to be considered; 
• Setting Risk Targets; 
• Inspection Planning; 
• Deliverables of an RBI study. 


 


1.2 REFERENCES DOCUMENTS AND NORMATIVES 
The latest edition of each publication shall generally be used, together with any 
amendments/supplements/revisions thereto, however, new revisions/updates during an 
activity or project will not be considered unless there are associated safety/environmental 
impacts. 
 
# Ref. Code Title 


1 20602.VAR.COR.SDS Corrosion Integrity Management 


2 20557.VAR.COR.SDS Corrosion risk assessment methodology 


3 06215.DOC.GEN.SDS Facility Functional Units 


4 02555.VAR.COR.PRG Design Criteria. Internal Corrosion. Corrosion Parameters and 
Classification of the Fluid 


5 20555.VAR.COR.PRG Internal Corrosion Monitoring Specification 


6 20309.VAR.COR.PRG Cathodic protection of buried structures in plant facilities 


7 27911.ENG.COR.STD Guideline to avoid MIC corrosion 


8 20019.ENG.COR.STD Material selection for seawater handling systems 


9 CAI-RT_18-03 Linea guida su applicazione e implementazione Risk Based 
Inspection RBI per gli impianti di raffinazione 


10 OPI.HSE.024.ENI.SPA.r01 Process Safety Risk Assessment Methodologies 


11 28077.ENG.COR.STD Positive Material Identification (PMI) 
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12 SVI.OMS.TMS.BP.0035.ENG Piping Inspection Guideline 


13 SVI.OMS.TMS.BP.0040.ENG Pressure Equipment Inspection Guideline 


14 API RP 580 Risk-Based Inspection 


15 API RP 581 Risk-Based Inspection Technology 


16 API RP 574 Inspection of Piping System Components 


17 API RP 571 Damage Mechanisms Affecting Fixed Equipment in the Refining 
Industry 


18 API RP 579 Fitness-for-Service 


19 API 510 Pressure Vessel Inspection Code; Maintenance Inspection, 
Rating, Repair, and Alteration 


20 API 570 Piping Inspection Code; Maintenance Inspection, Rating, 
Repair, and Alternation 


21 API 651 Cathodic Protection of Aboveground Petroleum Storage Tanks 


22 API 653 Tank Inspection, Repair, Alteration, and Reconstruction 


23 ASTM G16 Practice for Applying Statistics to Analysis of Corrosion Data 


24 DNVGL-RP-G101 Risk-Based Inspection of Offshore Topsides Static Mechanical 
Equipment 


25 DNVGL-RP-G103 Non-Intrusive Inspection 


26 ISO 15156 / NACE MR0175 Standard material requirements for sulphide stress cracking 
resistant metallic materials for oil field equipment 


27 EN 12500 Protection of metallic materials against corrosion - Corrosion 
likelihood in atmospheric 


28 EN 12501-1 Protection of metallic materials against corrosion - Corrosion 
likelihood in atmospheric 


29 EN 12495 Cathodic protection for fixed steel offshore structures 


30 EN 16991 Risk-Based Inspection Framework 


31 EEMUA 159 Above ground flat bottomed storage tanks - a guide to 
inspection, maintenance and repair 
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2 RBI ASSESSMENT APPROACH 
 
An RBI analysis can be performed at a different level of details:  


- Qualitative; 
- Quantitative; 
- Semi-Quantitative. 


 
An example of the RBI process is reported in the following figure. 
 


Low Risk


Medium /
 High Risk


RBI Extent / Targets


Item Identification / 
Data Collection


Medium / 
High Risk


Inspection Execution


Inspection Results Evaluation


RBI 
Re-Evaluation / Re-


Assessment


IOW – Integrity 
Operating Windows


Qualitative / Screening


Inspection Planning


Detailed Inspecton 
Plan (Risk Based)


Standard Inspection 
Plan (Time Based)


Quantitative  Assessment


Corrosion Loops 
Identification


Low Risk


Low Medium


HighMedium


Risk Assessment


 
Figure 1 – Example of RBI Process  
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2.1 RBI EXTENT / TARGET 


2.1.1 RBI Extent   


The asset object of the RBI process shall be defined, and battery limits established. 
Usually, the battery limits for a Plant are the identified at the inlet (e.g. after the pig trap 
and/or choke valve) and outlet (e.g. pig trap/inlet of a pipeline). 


Once the asset and the battery limits are identified, an Asset Register with all the relevant 
information shall be created to list all items to be included in the RBI analysis.  


Usually, the RBI analysis is performed on all piping above and including 2”. 


2.1.2 RBI Target 


A target is defined as the maximum level acceptable for continued operation without 
requiring a mitigating action. Once the target has been met or exceeded, an activity such 
as inspection is triggered. Several targets can be defined in an RBI program to initiate and 
define risk mitigation activities. 
 


2.1.2.1 Risk Target  


At the beginning of each RBI study, it is required to define the Risk Target or Acceptable 
Risk. 
 
This value shall be agreed with the Project or Operator of the Plant under evaluation 
considering the requirements of the local legislation and rules. 
 
Risk can be calculated using an Area Consequence or a Financial Consequence (Ref./15/).  
 
The recommended approach is to use the Area Consequence factor.  
 
If the Risk Target is not defined, the recommended value is as follows: 
 


- Risk Target (Area Consequence) value of 0.93 [m2/y]. This value can be 
visualized in the Iso-Risk matrix as the yellow dotted line in Fig 2, corresponding 
to a Medium-High Risk (Ref./10/). 
 


- Risk Target (Area Consequence) value based on Potential Loss Life (PLL) and 
personnel density for each plant unit as described in Ref./9/. A typical value is 0.06 
[m2/y], corresponding to the brown dotted line in Fig 2. In this case, the maximum 
value shall not be more than 0.93 [m2/y]. 


 


2.1.2.2 Probability of Failure (POF) Target 


A frequency of failure or leak (#/year) that is considered unacceptable and triggers the 
inspection planning process. 
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It is recommended to define a maximum PoF target of 3.06E-02, blu line in Fig 2, to avoid 
frequent failures, even for item with a low consequence level1. 


2.1.2.3 Damage Factor (DF) Target 


A damage state that reflects an unacceptable failure frequency factor greater than the 
generic and triggers the inspection planning process. 
 
It is recommended to define a maximum DF Target of 1.000, the blue line in Fig 2, to 
avoid frequent failures even for item with a low consequence level2. 
 


Figure 2 – Iso-Risk Matrix with Risk and Damage Factor Targets  
Yellow Line: Risk Target 0.93 m2/y – Brown Line: Risk Target 0.06 m2/y –  


Blu Line: Damage Factor Target 1.000, PoF Target 3.06E-02 
 


2.1.2.4 Maximum inspection interval target 


A specific inspection interval resulting from the RBI analysis that is considered 
unacceptable. The maximum inspection interval shall be 10 years. If the calculated 
inspection interval is higher than 10 years it shall be reevaluated. 
 


2.1.2.5 Equipment over target 


In case of an item with a Risk, POF or DF above the target, that cannot be reduced to an 
acceptable level through inspections, it is necessary to define other actions like FFS, 
change in corrosion control/management or a change in the material selection to manage 
the Risk, POF or DF.  


 
1 Rational: In some cases, for fluids with a very low consequence, e.g. fresh water, the risk could 
be low but with a very high POF, meaning a short remaining life and possible frequent leaks. 
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These activities are not included in the scope of an RBI analysis but shall be performed in 
dedicated analysis and studies (e.g. Corrosion Management Manual, Material Selection 
Report, FFS analysis…). 
 


2.2 CORROSION LOOPS 
Grouping of items into Corrosion Loops is recommended to simplify the analysis; the main 
aim is to group all the item that would be subject to the same damage mechanism and 
corrosion rate. 


The following main criteria are used to identify Corrosion Loops: 
 


• Equipment controlled together; 
• Similar operating service; 
• Expect similar corrosion mechanisms and rates; 
• Share IOW criteria alerts and alarms; 
• Controlled together operationally. 


 


Corrosion loops shall be identified at the beginning of the study on the relevant PFD/MSD 
and then also reported on the P&IDs with different colours.  


Each PFD / P&IDs shall report the list of applicable corrosion loops and colour identification. 
An example of PFD mark-up with Corrosion Loops is reported in Annex C. 


 


2.3 RISK ANALYSIS 


2.3.1 Type of Analysis 


 


2.3.1.1 Qualitative  


The Qualitative analysis could be performed with a shortlist of questions, (see Annex C), 
that allows to easily perform the assessment or by owner/user evaluation. 
 
This Qualitative questionnaire is to be considered as a guideline; other questionnaires 
could be proposed and used, depending on specific requirements, after review and 
approval by Company. 
 


2.3.1.2 Quantitative  


The quantitative analysis shall be performed following the methodology detailed in API 
580/API Std 581. For storage tanks, is also possible to apply the EEMUA 159 standard. 
 


2.3.1.3 Semi-Quantitative  


The semi-quantitative approach is to be considered as an approach that contains elements 
of both the qualitative and the quantitative analyses. 
 


2.4 RECOMMENDED APPROACHES – RBI ITEM COVERAGE  
Each plant and each item may have different needs and approaches for an RBI evaluation.  
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The owner should always be aware of the characteristics of his assets and perform his RBI 
study accordingly. 


2.4.1 Upstream  


For an Upstream plant, a recommended approach is to perform an initial screening 
between Utilities and Process Facilities. 
 


2.4.1.1 Utilities  


For the Utilities normally a time-based general inspection plan can be developed. 
Owner/user can decide to apply an RBI approach in case of: 


• Significant and/or repeated failures occurred in the past; 
• Some utilities are critical for the operability of the asset; 
• Some utilities are critical for emergency systems. 


 
In those cases, it is recommended to perform the quantitative RBI analysis also for 
utilities, like for process facilities.  
 


2.4.1.2 Process  


For the Process Facilities, a Qualitative/Quantitative methodology is used to define a 
detailed inspection plan.  


• For all process equipment it is always recommended to perform a quantitative 
analysis; 


• For process piping, depending on project requirements (e.g. number of items to be 
analyzed, time available for the analysis, budget constraints), it is possible to 
perform: 


o quantitative analysis for all piping;  
o a qualitative analysis (at corrosion loops level), to define the most critical 


loops (medium and high level), to be further analyzed with a quantitative 
analysis. 


 
Here below is a list of the main Process and Facilities Units of a typical Oil & Gas Plant. 
 


 Unit 130 – Manifold;  
 Unit 190 - Launching and/or Receiving Traps; 
 Unit 199 - Slug Catcher; 
 Unit 200 - Oil Separation; 
 Unit 210 - Crude Oil Treatment; 
 Unit 220 - Crude Oil Transport and Storage; 
 Unit 230 - Flare, Vent and Blowdown; 
 Unit 300 - Gas Separation; 
 Unit 310 - Gas Dehydration; 
 Unit 330 - Gas Sweetening /Acid Gas removal; 
 Unit 360 - Gas Compression; 
 Unit 510 - Water Injection; 
 Unit 560 - Oily Water Treatment. 


 
Typical Utility Facilities Units of an Upstream Plant: 
 


 Unit 420 - Fuel Gas; 
 Unit 430 - Diesel Fuel; 
 Unit 460 - Compressed Air; 
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 Unit 470 - Main Electric Power Generation; 
 Unit 480 - Emergency Electric Power Generation; 
 Unit 500 - Sea Water; 
 Unit 520 - Service Water; 
 Unit 522 - Demineralized Water; 
 Unit 530 - Fresh Water; 
 Unit 540 - Open Drains; 
 Unit 550 - Closed Drains; 
 Unit 570 - Sanitary Discharge Treatment and Storage; 
 Unit 600 - Inert Gas; 
 Unit 730 - Water/Foam Firefighting. 


2.4.2 Refinery / Petrochemical 


In downstream the preferred approach is to perform quantitative analysis for all the 
process and utility units.  
For Refinery RBI study reference is made to Ref./9/. 


2.4.3 Storage Tanks 


For the Risk analysis of the Storage tank, it is possible to use both the API 581 and the 
EEMUA 159. 
Since the API 581 analysis of storage tank uses a financial consequence for the analysis 
of the bottom and an area consequence for the other components, the recommended 
approach for the analysis of storage tank is to use the methodology described in EEMUA 
159 3. 


 


2.5 RISK ASSESSMENT 


2.5.1 POF – Probability of Failure 


The API 581 standard has been developed mainly for the Refinery and Petrochemical 
industries and is fully applicable for an RBI study.  
 
For the Upstream, most of the API 581 is still applicable however there are some specific 
damage mechanisms (e.g MIC, Sand Erosion) that are typical of this sector that is not 
foreseen in API 581 or that are not suitable for assessing the probability of failure. 
For this reason, Eni developed new and/or modified the existing modules of API 581 based 
on internal know-how.  
A detailed explanation of each modified damage module is reported in Annex A. 
 
In the following table are reported all the main damage mechanisms to be considered for 
an Upstream Oil & Gas Plant.  
 
In the table are reported also: 


• Parameters: Main parameters that have an influence on the damage mechanisms 
and that need to be considered in the evaluation; 


• Affected materials: list of materials that could be affected by the damage 
mechanism; 


 
3 Rational: based on analysis performed on storage tanks in Eni plants the approach of EEMUA 159, 
which does not require a financial analysis, is considered more appropriate.  
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• Eni RBI module: If the methodology for the calculation of the damage factor or 
PoF has been newly developed (New) or the existing modified by Eni (Modified); 


• Prediction Approach: Type of prediction approach. Corrosion rate CR for time-
based damage mechanisms (e.g. CO2 corrosion), stability/instability S/I or POF for 
non-time-based corrosion mechanisms (e.g. SSC); 


• Remarks: List of rules and models available to assess the damage. 
 
In the simplified schemes are reported the PFDs of the most common process units of an 
Oil & Gas Plant with an indication of the main fluids and damage mechanisms to be 
considered. 
 


Table 1 – Damage mechanisms in Oil & Gas Plants 


Exposure 
Side 


Damage Mechanism Parameters Affected 
material 


Eni RBI 
module 


Prediction 
approach 


Remarks and 
reference 
normative 


Internal Uniform or localized loss of thickness 


1 CO2 corrosion xCO2; P; T; pH; 
corrosion inhibitor; 


 


CS Modified CR Rules and models 
(Ref./4/) 


2 Microbial Induced 
Corrosion (MIC) 


Bacterial activity; T; [SO4
2-
], 


salinity CS New  POF Rules (Ref./4/, Ref./7/) 


3 H2S corrosion xH2S; T; pH CS Modified POF Rules (Ref./4/) 


4 Oxygen corrosion [O2]; T; UAVG CS; CRA New CR Rules and models 
(Ref./4/) 


5 Erosion corrosion UAVG; metallic material; 
operating conditions 
(continuous; intermittent); 


  


CS; CRA New CR Rules and models 
(Ref./4/) 


6 Amine corrosion Amine type; T; HSAS; acid 
gas loading; UAVG 
 


CS - CR Tables with 
corrosion rates 
(Ref./11/) T, acid gas loading CRA - 


7 Galvanic Environment 
conductivity; coupled 
materials, Oxygen 


 


CS; CRA New S/I Rules and models 
(Ref./4/) 


8 Elemental sulphur 
corrosion 


Presence of elemental sulphur; 
T; [O2]; [Cl-] 


CS; CRA New S/I Rules (Ref./4/) 


9 Localized pitting 
and crevice 
corrosion 


[Cl-]; T; [O2]; pH CRA New POF Rules available 
(Ref./4/) 


10 Sand erosion solid particles; UAVG CS; CRA New  CR Rules and models 
(Ref./4/) 


Environmental cracking 


 
12 


Sulphide Stress 
Cracking (SSC) 


xH2S; P; pH CS Modified POF normative 
(Ref./21/, Ref./4/) 


xH2S; P; T; pH, [Cl-] CRA 


13 Hydrogen Induced 
Cracking 


xH2S; P; T; pH CS Modified POF normative 
(Ref./21/) 


14 Amine cracking Amine type; 
applied/residual stress; T 


CS - S/l Guidelines (Ref./12/) 


15 Chloride Stress 
Corrosion 
Cracking (CSCC) 


[Cl-]; T; pH; 
applied/residual stress; 
[O2] 


CRA - POF Rules  (Ref./4/) 


16 Mercury [Hg] 
 


CRA; Al New S/I Rules (Ref./4/) 
 External Environmental weight-loss corrosion and cracking 


17 Atmospheric Type of atmosphere: rural, 
industrial, marine, etc.; 


ti  


CS; CRA  CR or S/I Rules (Ref./21/, /4/) 
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18 Corrosion under 
insulation - CUI 


Type of atmosphere; 
insulation material; coating 


CS; CRA  CR or S/I Guidelines (Ref./12/) 


19 Seawater corrosion CP; coating CS; CRA  CR Rules and models 
(Ref./8/) 


20 Soil corrosion  
[Cl-]; [SO 


2-
]; pH; T; bacterial  


activity; resistivity; CP; coating 


CS; CRA  CR Rules (Ref./24/);  


21 Electrical interference 
(DC and AC) 
 


DC and AC electrical source 
in proximity; CP; coating 


CS  S/I Rules (Ref./25/). 


22 Carbonate-
bicarbonate stress 
corrosion cracking 


T; pH; bicarbonates; CP; 
coating 


CS  S/I Guidelines (Ref./12/) 


 
 


 
Figure 3  - Unit 200 – Separation 


 


Figure 4 - Unit 360 – Gas Compression 
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2.5.2 Consequence of Failure (COF) 


For the Upstream there are some specific cases where the approach to the consequence 
analysis shall be modified. 
 


2.5.2.1 Upstream Fluids 


Some fluids typical of the Upstream are not present in the list of API 581 (e.g. produced 
or formation water). For this reason, it is necessary to make some assumptions to avoid 
inconsistent results in the RBI analysis.  
 
If the software used for RBI analysis allows, it should be created a new fluid or modified 
an existing to better represent the consequences of failure (e.g. by inserting H2S/CO2 or 
other contaminants in the fluid composition)4 or a corrosion specialist shall be consulted 
to define the correct inventory group fluid according to API 581. 
 


2.6 RISK MATRIX 
For the qualitative analysis a simplified 2x2 matrix is recommended: 
 


 
Figure 5 – Risk Matrix for Qualitative Analysis 


 


For the quantitative analysis the recommended risk matrix is based on 4 levels of risk, or 
risk classes, from Low to High. The acceptable risk is based on the risk target defined by 
Company. 
 


 
4 Rational: A possible scenario is for the water separated from a 3-phase separator. Since the API 
581 does not foresee this type of fluid if the “fresh water” is used as a representative fluid, the 
consequence of failure will be very low while for the gas and oil phase of the same separator the 
consequence is usually higher due to the presence of contaminants (e.g. CO2, H2S, Oil). 
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Figure 6 – API 581 balanced Risk matrix and classes of risk 


 
 


 
Figure 7  – API 581 unbalanced risk matrix and classes of risk 


 
The balanced risk matrix has been introduced only in the 3rd revision (2016) of the API 
581 std, for this reason, most of the RBIs have been performed using the unbalanced 
matrix.  
 
To have a consistent approach in the RBI analysis, the recommendation is to continue to 
use the unbalanced matrix, however at the beginning of each study, it is possible to define 
which one to use based on specific requirements 5.  
 


 
5 It has to be noted that the Risk Target is not influenced by the type of matrix selected. 
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3 INSPECTION PLANNING, EXECUTION AND RESULTS EVALUATION 
 
Inspection planning is the key task of RBI process, aimed to establish the requirements 
for inspection execution within a cost-effective frame.  
 
It’s important to highlight that an inspection provides improved knowledge of the current 
state of the component and therefore reduces uncertainty.  
 
The probability that loss of containment will occur is directly related to the known condition 
of the component based on information from inspection and the ability to accurately 
quantify the damage. 
 


3.1 INSPECTION PLAN 
The Inspection Plan is the document which defines the requirements for the inspection 
execution; it inherits results of the risk analysis and it takes into account the RBI targets 
and the specific context.   
 
The following topics shall be covered by the Inspection Plan: 
 
− Definition of inspection items to be inspected and targets; 
− Ranking of items to be inspected based on risk class; 
− Selection of the inspection methods for each type of item (vessels, pipework, etc.); 
− Extent and coverage of the inspections; 
− Priorities for the inspection; 
− General requirements for inspection execution; 
− Schedule; 
− WSE (written scheme of examination) for critical equipment (e.g. Equipment analysed 


with a quantitative approach in the RBI analysis). 


3.1.1 Inspection methods selection 


The effectiveness of an inspection depends on the POD of the adopted NDT methods on 
the degree of coverage and the ability to characterize the defects. Effectiveness is 
expressed qualitatively (high, medium and low). 
 
Probability of Detection (POD) is a measure of the capability of an inspection method to 
detect a given type of defect in the area covered by the inspection method.6 


3.1.2 WSE – Written Scheme of Examination 


For the most critical items, usually for all the items that have been analysed with a 
quantitative approach, a detailed WSE shall be prepared (see Annex D for examples of 
WSEs for equipment and piping). 
As a minimum the following information shall be included in the WSE: 
 


• Item TAG / Name;  
• Drawing / General Arrangement for Equipment or Isometric for Piping; 
• Expected Damage Mechanisms; 


 
6 The POD is normally expressed as a ratio of a probability of detecting a flaw with a confidence level (e.g. 


90/95, 90/90, 90/75 or 90/50) depending on the requirements of the application. The first number in the 
series denotes the probability that the flaw will be detected, which is given as a percentage. The second 
number denotes the confidence level for detecting the flaw. 
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• List of NDT to be performed with a minimum extension of the control (Area %); 
• Localization on the Drawing / General Arrangement or Isometric of the Areas where 


NDT shall be performed. 
 


3.2 INSPECTION TIMING AND TYPE 
Depending on the time of execution different types of inspection can be performed. 
The table below gives an overview of the types of inspections: 
 


Table 2 – Inspection types 


Type on 
Inspection 


When Why How 
 


Baseline At manufacturing 
shop 


To define a zero point 
for next inspections 


On a limited number of 
higher risk prefabricated 
spools of piping and 
vessels 


First Inspection Within the first 5 
years of operation 
or inspection plan 
frequency, 
whichever is less. 


Verify assumption of 
the RBI, corrosion 
mechanisms and 
corrosion rates. 


Extended Inspection in 
critical areas where 
damages are most likely 
to occur. 


Leakage/Failures 
Follow-Up 


After a leakage or 
failure. 


To verify the extension 
of the damage 


Detailed inspection of the 
item or areas where the 
failure occurred. 


Inspection Plan During the 
operation of the 
Plant.  


Check Integrity of the 
Plant, Identify critical 
areas, update RBI 
analysis 


Detailed Inspection based 
on 


• RBI analysis 
• Law requirements  
• Time-based 


inspection 


3.2.1 Baseline Inspection 


The target of BI (Baseline Inspection) is to define a zero point for next inspections, that is 
to check the wall thickness of a limited number of higher risk piping and vessels as a 
reference for the following inspections. This will allow using the actual thickness in the 
Risk Assessment to avoid any incorrect evaluation of the corrosion rates in the RBI 
analysis. 
 
The recommended option is to perform thickness measurements on selected vessels and 
prefabricated spools at shops, taking advantages given by the absence of coating and 
insulation, and not needing of scaffolding. 
 
The Baseline Inspection shall be based on the results of the RBI study: it shall be carried 
out on Corrosion Loops subject to risk-based inspections, on Carbon Steel and Low Alloy 
Steel items only. 
 
The BI will be performed only for a limited number of points of a corrosion loop, marked 
in the iso drawings as shown in the RBI study. The BI will refer to the Best Practice 
bp.svi.eng.004 “Plant & Structural Integrity for Asset Integrity Management” and to a 
dedicated procedure to be prepared for the specific Project. 
 
The initial thickness checks shall be loaded in the IDMS and also attached to the WSE of 
Piping and Pressure Equipment, as a reference for future inspections. 
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3.2.2 First Inspection 


The first inspection shall be performed, independently from the Risk Class, within the first 
5 years (60 months) since start-up to verify that the assumption and assessment made 
during the RBI analysis are confirmed or to update the analysis with new information. 


3.2.3 Leakage/Failure Follow-UP 


After a leakage and/or failure it could be necessary to perform a detailed inspection to 
verify the extension of the damaged area to assess if the component could be repaired or 
replaced or the Risk in the RBI analysis re-assessed. 


3.2.4 Inspection Plan 


The final inspection plan shall take into account the results of the RBI analysis and all the 
local law requirements and recommendations.  
These inspections aim to assure the integrity of the asset by identifying the critical areas.  
The results of the inspections are used to update the RBI analysis and as a consequence 
the inspection plan. 
 
 


3.3 MAXIMUM INTERVAL BETWEEN INSPECTIONS 
A maximum inspection interval of 10 years shall be applied for all the items, The owner of 
the asset can specify lower inspection interval. This approach is necessary to guarantee a 
maximum inspection interval also to for low-risk items. 
 
 


3.4 TYPE OF INSPECTIONS AND NDT METHODS 


3.4.1 Intrusive and non-intrusive inspections 


Inspections can be classified as intrusive and non-intrusive. 
Intrusive inspection implies the internal access and/or the shutdown of the items to be 
inspected. Non-intrusive inspections avoid the shutting down of the plant or systems and 
can avoid, in certain cases, access in hazardous areas, but usually gives less information 
than the intrusive approach: 
 
The acceptability of non-intrusive inspection for a particular item will depend on many 
factors including: 
− Geometry and presence of non-accessible parts (for instance, in case of vessels the 


shell surface in correspondence to supports);  
− Construction materials; 
− Expected degradation mechanisms; 
− Locations and sizes of damages of concern; 
− Process; 
− Historic inspection data; 
− Confidence in inspection capability; 
− Inspection costs. 
 
To avoid impact on operations, the use of non-intrusive inspection shall be maximized. 
 
Inspection methods and guidelines are reported in Ref /12/ /13/. 
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3.5 INTEGRITY OPERATING WINDOWS - IOW 
When a new RBI study is performed, a dedicated set of IOW may be provided. 
IOWs monitor process parameters (both physical and chemical) that could impact 
equipment integrity if not properly controlled. Examples of the process parameters include 
temperatures, pressures, fluid velocities, pH, flow rates, chemical or water injection rates, 
levels of corrosive constituents, chemical composition, etc. 
 
Key process parameters for IOWs should be identified and implemented, upper and lower 
limits established, as needed, and significant deviations from these limits should be 
brought to the attention of inspection/engineering personnel who shall evaluate to take 
immediate action and/or trigger an RBI re-assessment. 
 
Particular attention to monitoring IOWs should also be provided during start-ups, 
shutdowns, and significant process upsets (reference API 584). 
 
During the update of an RBI study, the respective IOW shall be updated or could be 
developed if not already implemented.  
 
 


3.6 RESULTS EVALUATION 


3.6.1 Inspection results evaluation 


Results of inspections shall be adequately validated and in compliance with inspection 
plans. In case of deviations from the WSE (ex: impossibility to perform inspections in some 
areas due to the presence of obstacles; inaccessibility; etc.), this shall be recorded and 
motivated. 
 
Inspection results shall be available in a convenient format (digital copy and hard copy 
with the original signature of the examiner/inspector), depending on the type of NDT 
methods, and uploaded in an IDMS. 
 
The report shall contain, as a minimum, the following information: 


• Equipment code or id number; 
• Inspection positions; 
• Date of inspection; 
• Instrumentation employed (with calibration certificate if needed); 
• NDT operator qualification; 
• NDT procedure; results of the inspection; 
• Final evaluation (acceptability level if applicable). 


 
Inspection results shall be analysed and compared with active damage mechanisms 
foreseen in the RBI study. For each item, predicted damage mechanisms and severity of 
the damages shall be verified against inspection results.  
 


3.7 DEFECT EVALUATION: ACCEPTANCE, REPAIR OR REPLACEMENT 
Defect evaluation shall be primarily based on the corrosion allowance value of the 
inspected item; corrosion allowance which shall be available and indicated in the 
Inspection Plan represents the design limit which the defects caused by degradation 
mechanisms cannot exceed. In case previous inspection results were available, different 
(i.e. less restrictive) acceptance limits can be used. 
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If defects were found exceeding the predefined limit, the operability of the item shall be 
considered, at least in principle, compromised as the design mechanical thickness will be 
interested, at least locally, by defect penetration. 
 
In case of defects found exceeding the acceptance limits fixed for the inspection, dedicated 
investigations shall be carried out aimed to verify the fitness-for-service of the item 
containing a defect with known sizes. 
 
Defect analysis shall be carried out using applicable codes, for instance, API-RP-579 which 
guides conducting Fitness-for-Service assessment for in-service pressurized items 
containing a flaw or damage.  
The analysis can provide the following results; 
− A defect is acceptable at design conditions; 
− A defect is acceptable after de-rating of the item; 
− A defect is not acceptable and shall be repaired; 
− A defect is not acceptable and the item shall be abandoned and replaced. 
 


3.8 RBI RE-ASSESSMENT 
Inspection results and the actions taken based on inspection results, represent feed 
information for future corrosion risk assessment and RBI process. 
After each inspection activity and major alterations, the RBI analysis should be re-
assessed to update the future inspection plan. 
It is suggested to perform this update as soon as possible and not later than one year 
from the activity. 
In any case, this activity shall be performed after each major turnaround. 
 


4 CMMS / IDMS 
 
The RBI analysis should be performed and the results stored in a dedicated IDMS.   
An Inspection Data Management System (IDMS) is a software program utilized to organize 
data related to a facility’s fixed equipment inspection regime. 
IDMS software allows to manage and keep track of inspection schedules for various 
equipment and to record and manage the results of each inspection (NDT results such as 
UT thickness), failure analysis and corrosion monitoring data.  
This information and data could then be used for later review, analysis and as an input for 
the RBI analysis.  
The IDMS should also be connected to the Computerized Maintenance Management 
System (CMMS) to manage the work orders for the Inspection activities. 
The IDMS should also allow managing the IOWs.  
 


5 DELIVERABLES 
 
The following main deliverables shall be issued as a result of the RBI analysis and uploaded 
into the IDMS. 
 


1. RBI Study Report 
a. RBI approach; 
b. List of Corrosion Loops; 
c. Summary of Risk assessment results with evidence of the item list used and 


complete the necessary design and technical data. The risk analysis should 
be performed at the date of the analysis and projected in the future. 
 



https://inspectioneering.com/tag/fixed+equipment

https://inspectioneering.com/tag/inspection
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2. Inspection Plan 
a. Risk Level (actual, future with inspection and future without inspection); 
b. Next Inspection Date; 
c. Inspection Effectiveness; 
d. NDT to be performed. 


 
3. WSE (Ref. para. 3.1.2) 


 
4. Corrosion Loops Register 


a. Name of Corrosion Loops; 
b. Main operating conditions and fluid composition; 
c. List of Equipment / Pipes belonging to the corrosion loop; 
d. List of active damage mechanisms. 
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6 ANNEX A: API MODIFIED RISK ASSESSMENT PROCEDURE 
 
The API-RP-580/581 Standards have been developed for downstream industry and do not 
include some damage mechanisms which are typical of upstream environments or the 
requirements and limitations for the application of materials are different.  
For this reason, some additional damage methodology assessment modules have been 
developed or existing have been modified. 
 
The following modules have been added referring to the International Standards indicated: 
 
− MIC Microbiologically Induced Corrosion DNVGL-RP-G101 
− Erosion Corrosion / Sand Erosion  API RP 14E / DNVGL-RP-O501 
− Oxygen Corrosion    DNVGL-RP-G101 
− Pitting and Crevice Corrosion   DNVGL-RP-G101 
 
While the following existing modules have been modified: 
 
− SSC – Sulphide Stress Cracking  NACE MR0175 - ISO15156 
− CO2 corrosion     NORSOK M506 / DeWaard & Milliams 
 
Also, new modules that give a “warning” have been included for the following damage 
mechanisms: 
 
− Galvanic Corrosion 
− Mercury Corrosion 
 
The following sections provide details on the additional damage mechanisms and give the 
standards used as a reference for the corrosion models that have been developed. 
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A.1 – MIC Microbiologically Induced Corrosion 
 
The effect of MIC is evaluated based on the presence of bacteria, operating conditions, 
presence of a monitoring system and the final probability of failure assessed with a graph 
taken from DNVGL-RP0501. 
The result of the module is a probability of failure. 
 


 
Figure 8 – MIC flowchart 
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A.2 - Erosion Corrosion 
 
For the assessment of the Erosion-Corrosion and Sand/Solids Corrosion, the approach is 
based on the API-RP14E for the evaluation in case of a solids-free system. 
When the sand and/or solids are detected or foreseen in the fluids the approach is based 
on the standard DNVGL-RP-O501. In particular, the erosional velocity is calculated for the 
bend geometry which is considered as the worst-case scenario in terms of erosion-
corrosion. 
The results of the erosion-corrosion module is a probability of failure while the sand erosion 
module is a corrosion rate. 
 
 


 
Figure 9 – Erosion-Corrosion Flowchart 
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A.3 - Oxygen Corrosion 
 
Oxygen corrosion is evaluated based on the approach reported in DNVGL-G101 and the 
result is a corrosion rate. The evaluation is performed for seawater, closed and open loops 
circuits and cooling water. It is not intended for use in the evaluation of oxygen corrosion 
in production streams. 
 


 
Figure 10 – Oxygen Corrosion Flowchart 
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A.4 - Pitting and Crevice Corrosion 
 
Pitting and Crevice corrosion is evaluated based on the approach reported in DNVGL-G101 
and the result is a probability of failure. The evaluation is performed for seawater, closed 
and open loops circuits, cooling water and is not intended for use for production streams 
oxygen corrosion. 
 


 
Figure 11 – Pitting and Crevice Corrosion Flowchart 


 
  







eni spa  02961.ENG.COR.PRG                                                                                                                                                                            
Rev. 01 – November 2020                                                                                  
            Pag. 27 of 35 


 


   
 


 


A.5 - SSC Sulphide Stress Cracking 
 
The damage module present in API 581 is based on the requirements of standard ISO 
17945/NACE MR0103 which applies to the downstream sector. In the upstream sector, 
the standard NACE MR0175 / ISO 15156 defines an area of severity for carbon steel and 
specific limits based on chlorides contents, pH, temperature, pH2S and presence of 
elemental Sulphur for CRA. 
These limits have been implemented in the new module and the result is a probability of 
failure. 
 


 
Figure 12 - SSC Sulphide Stress Cracking Flowchart 
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A.6 - CO2 Corrosion 
 
The damage module in API 581 is based on NORSOK M506 model. While this module is 
applicable in the upstream sector, the module in API 581 does not take into account some 
factors, which have a significant effect on CO2 corrosion: 


• API grade of the oil; 
• Presence/absence of free water in the gas stream; 
• Type of water: condensed or formation water; 
• Presence of elemental sulphur. 


 
For this reason, the API module has been modified to consider all the factors reported 
above. The final results of this assessment is a corrosion rate. 
 


 
Figure 13 – CO2 Corrosion Flowchart 
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A.7 - Galvanic Corrosion and Mercury Corrosion 
 
The “warning” modules are based on Company knowledge and give as a result of the 
evaluation an indication of the possibility that the mechanisms are active or not. There are 
no models available in the literature that can be applied to obtain a likelihood or a corrosion 
rate for these types of damage mechanism. In case the damage mechanism is assessed 
as active it is recommended to consult an SME/TA.  
 


 
Figure 14 – Galvanic Corrosion Flowchart 
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Figure 15 – Mercury Corrosion Flowchart 
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7 ANNEX B: SCREENING QUESTIONNAIRE FOR QUALITATIVE ANALYSIS 
 


Table 3 - Qualitative Screening Questionnaire 


 
 


Low High


Yes X Assume existing coating is in good condition


No X
see point 4 - Does location has any significant 


effect on external degradation? ISO classification 
C5 / C5M - HIGH


Yes X Susceptible to CUI
No X


Low High


Yes X Exposed to corrosive fluid
No X Non Corrosive Fluid or Use of CRA material
Yes X Fluid sour as per NACE MR0175/ISO 15156
No X
Yes X
No X
Yes X Susceptible to sand erosion
No X
Yes X High water cut
No X
Yes X Existing Plant operating for more than 36 months
No X New Plant or operating for less than 36 months 
Yes X
No X
Yes X Susceptible to Sour Service -SSC


No X
Yes X Susceptible to MIC
No X


Yes X Fatigue due to cyclic loading
No X


Low High


Injury/fatali


ty
X Explosion limit is defined as 0.1 barg.


Safe X Safe working area


Yes X Dangerous to personnel


No X


Yes X Dangerous working area


No X


High X More personnel will be affected


Low X


No shutdown X No impact to production


shutdown X Unit/ partial/ total shutdown


Yes X Incurred cost to Asset


No X


Yes X Cost for SAR operation


No X


Yes X Clean-up cost


No X


If yes


POF - Degradation Mechanism Questionnaires Answer
Risk, PoF Rating


Assumptions


A. External Degradation


1 Is there any coating?


If yes
Detail Assessment /  What type is it?
Detail Assessment / How long does it take to degrade significantly?


2 Is there any insulation


1
Are are possible degradation mechanisms arising from materials and fluids combinations
(e.g. CO2 corrosion, Oxygen Corrosion) ? 


Detail Assessment / Does it retain water?


Detail Assessment / Is there any heat tracing


3 Is there any data that indicates current condition - eg. Inspection reports Detail Assessment


4 Does location has any significant effect on external degradation?
Detail Assessment / Is the material susceptible to external corrosion at the
operating conditions?


POF - Degradation Mechanism Questionnaires Answer
Risk, PoF Rating


Assumptions


B. Internal Degradation


2 Is the fluid sour (ref. NACE MR1075/ISO 15156)?


3
Are there significant excursions in any process parameters that can have an effect on the
damage mechanisms (e.g. Low temperature due to blow down)?


4 Is sand production expected? Is there a possibility of sand erosion?


C. Fatigue


1 Are there areas where vibrations are expected, or have been observed?


7 Have any failures occurred?


7 Is there a possibility of Souring (H2S) with time (e.g. if there is water reinjection)?


5
Is there a possibility of sinificant increase in water cut over time respect to the design
conditions (e.g. water cut increases > 30%)?


6 Is there any data that indicates current condition – for example inspection reports?


8 Is there any experience in Microbiological Corrosion (MIC)?


What is the likely population around any part of the system that might leak?


COF - Questionnaires Answer
Risk, CoF Rating


Assumptions


A. Safety Consequences


1 What is the effect of a leak on the system to the personnel at site?


C. Environment Consequences


1 Are there clean-up costs associated with the leak?


Detailed Assessment / Waht is the criticality considering Operating Temperature &   


B. Economic/Assets Consequences


1 What is the likely reaction to the detection of a leak?


2
Will there be damage to facilities, by fire and / or explosion, or acid attack, resulting in replacement costs


and loss production?


3 Are there any associated cost e.g. SAR, logistics, etc?


2 Is the fluid poisonous (e.g. H2S)?


3 Will there be ignition and / or explosion that might affect personnel?


4
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8 ANNEX C: EXAMPLE OF CORROSION LOOPS FOR PLANT FACILITIES IDENTIFIED ON A PFD 
 


 
Figure 16 – Example of Corrosion Loops 
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9 ANNEX D: EXAMPLE OF WSE FOR AN EQUIPMENT 
 


 
Figure 17 – Example of WSE for Equipment 
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Figure 18 – Example of WSE for Equipment 
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10 ANNEX E: EXAMPLE OF WSE FOR A PIPE 
 


 


 
Figure 19 – Example of WSE for Piping 
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1 SCOPE AND GENERAL INFORMATION 


1.1 PURPOSE AND SCOPE  
 
This appendix summarizes the Eni approach to identify and prepare an adequate inspection plan, 
in order to check that pipeline integrity is maintained during design life and potentially during 
design life extension. 
 
This document applies to onshore and offshore rigid metallic pipeline system including its 
sections such as risers, spools and jumpers. 
 
The contents are in compliance with the standard practices of Pipeline Integrity Management 
(PIM) system that represents the Eni preventive approach for the management of pipelines in a 
lifecycle perspective.  
 
 


1.2 REFERENCES DOCUMENTS AND NORMATIVES 
 
The latest edition of each publication shall generally be used, together with any 
amendments/supplements/revisions thereto, however, new revisions/updates during an activity 
or project will not be considered unless there are associated safety/environmental impacts. 
 


# Ref. Code Title 


1 28755.ENG.INT.PRG Exposure Levels of Onshore and Offshore Pipelines 
Definition and Evaluation 


2 28690.ENG.INT.PRG  Exposure Levels of Offshore Platforms – Definitions and 
Evaluation 


3 28756.ENG.INT.PRG Risk Analysis Methodology for Pipelines RBI Development 


4 23038.ENG.INT.REL Risk-Based Identification of Potential Critical Conditions 
for Offshore Pipelines Integrity Management 


5 28050.ENG.INT.REL Risk-Based Identification of Potential Critical Conditions 
for Onshore Pipelines Integrity Management 


6 20415.ENG.INT.PRG Criteria for Planning of Inspections and Maintenance on 
Onshore and Offshore Pipelines 


7 23025.ENG.PLI.PRG Design of offshore pipelines 


8 23040.ENG.INT.PRG Offshore Pipelines Requalification Guidelines 


9 bp svi eng 004 Plant & Structural Integrity for Asset Integrity 
Management 


10 DNVGL RP-F116 Integrity Management of Submarine Pipeline Systems 


11 ISO TS 12747 Petroleum and Natural Gas Industries - Pipeline 
Transportation Systems, Pipeline Life Extension 


12 ISO 13623 Petroleum and Natural Gas Industries - Pipeline 
Transportation Systems 


13 ISO 16708 
Petroleum and Natural Gas Industries – Pipeline 
Transportation Systems, Reliability-based limit state 
methods 







eni spa  02961.ENG.COR.PRG                                                                                                                                                                            
Rev. 01 – November 2020                                                                                  


            Pag. 4 of 13 
 


   
 


 


14 DNVGL-ST-F101 Submarine Pipeline Systems 


15 ASME B31.4  Pipeline Transportation Systems for Liquid Hydrocarbons 
and Other Liquids 


16 ASME B31.8 Gas Transmission and Distribution. Piping Systems 


17 28690.ENG.INT.PRG Exposure Levels of Offshore Platforms Definition and 
Evaluation 


18 28879.ENG.INT.PRG Risk Analysis Methodology for Offshore Platform Deck 
Structures RBI Development 


19 07669.ENG.INT.PRG Criteria for Planning of Inspections and Maintenance on 
Fixed Offshore Platforms 


20 07486.PLI.MEC.PRG Design Criteria for buried pipeline 


 
 


2 RBI ASSESSMENT APPROACH 
 
The Eni approach in the definition of the most suitable inspection plan of a pipeline system is 
risk-based. 


The process starts with the evaluation of the Exposure Level (ELs) to risks affecting the pipeline 
system. 
 


2.1 METHODOLOGY FOR EXPOSURE LEVELS (ELS) 
 
The methodology to evaluate and assign Exposure Level(s) (EL) to the pipeline system is 
described in the Eni Standard 28755.ENG.INT.PRG “Exposure Levels of Onshore and Offshore 
Pipelines Definition and Evaluation”.  
The document is structured according to the guidelines included in the main international 
references (i.e. ISO 16708 “Petroleum and Natural Gas Industries – Pipeline Transportation 
Systems, Reliability-based limit state methods” and DNV-RP-F116 “Integrity management of 
submarine pipeline systems”) while the internal reference assumed as a starting point is the 
Eni Standard 28690.ENG.INT.PRG “Exposure Levels of Offshore Platforms – Definitions 
and Evaluation”. 
 
The Exposure Level (EL) classification is based on considerations related to the pipeline failure 
and to the consequences in terms of life safety for the personnel and environmental and 
economic damages. 
 


Table 1 – Exposure Level (EL) categories 


Exposure Levels (EL) 
Category Level Description 


L Low 
where failure implies a negligible risk of human injury and low 


environmental and economic consequences 


M Medium 
where failure implies a minor risk of human injury and minor 


environmental or economic consequences 
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Exposure Levels (EL) 
Category Level Description 


H High 
where failure implies risk of human injury or significant 
environmental impact or high economic consequences 


VH Very High 
where failure implies a high risk of human injury or very high 
environmental impact or very high economic consequences 


EH Extremely high 
where failure implies a very high risk of human injury or 


extremely high environmental impact and economic 
consequences 


 
 
The criteria to be adopted to estimate the Exposure Level(s) combines: 
• the Location Classes (LC) assigned to the system under analysis, one for each of the 


following scopes: 
o Safety (SLC); 
o Environment (EnLC); 
o Economics (EcLC). 


• Fluid Category  
• External Diameter of the line (D) 
 
If these parameters are not constant along the pipeline route, the line is divided into sections 
with constant parameters and different ELs are evaluated for each of them. 
 
The results of this analysis, based on the processing of information/data relevant to the design 
and the operating conditions of the pipeline system, allow to characterize the pipeline system 
and to select the best approach to identify and prepare an adequate inspection plan. 
 


2.2 RISK ASSESSMENT APPROACHES  
 
Three different approaches can be selected depending on the EL(s) of the pipeline system: 
 
o Un-risked approach, not-tailored (Standard Plan), commonly adopted for system with 


low-medium Exposure Levels. 
The Standard Plan is full detailed in the Eni Standard 20415.ENG.INT.PRG “Criteria 
for Planning of Inspections and Maintenance on Onshore and Offshore Pipelines”. 
The un-risked approach incorporates expected worst-case indications and determines 
conservative (reduced) intervals between successive inspections to overcome the 
reduced data requirements and less extensive engineering analysis. The conservative 
frequencies given in the document have been developed taking into consideration the 
maximum inspection intervals recommended by international standards, common practices 
and previous experiences. 
 


o Semi-quantitative risk approach, first-level risk analysis (Customized Plan), applicable 
for system affected by Exposure Level up to high. 
The Scoring Model/Customized Plan is a semi-quantitative method, less computational time 
requiring, able to generate a preliminary risk screening on the system under analysis. 
 
The method is fully described in the Eni Standards 23038.ENG.INT.REL “Risk-Based 
Identification of Potential Critical Conditions for Offshore Pipelines Integrity 
Management” and 28050.ENG.INT.REL “Risk-Based Identification of Potential 
Critical Conditions for Onshore Pipelines Integrity Management”. 
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Through the application of a scoring model, the factors influencing the vulnerability of the 
system under analysis are identified and properly combined in order to produce general 
reliability indexes relevant to structural integrity and hazards exposure. These indexes are 
combined to identify the potential criticalities the system is exposed to. 
 
 


 


Figure 1 – Composition of Reliability Structural Index for offshore pipelines 
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Figure 2 – Composition of Reliability Structural Index onshore pipelines 
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The assessment of the components of the Reliability Structural Index, obtained by means of the 
application of the score model, can be integrated with the identification of the Exposure Level. 
The assessed reliability indexes allow to tune the expected frequency of each specific inspection 
task foreseen in the standard plan and therefore to prepare a tailored/customized inspection 
plan. 
 
o Quantitative risk approach, (Risk analysis RBI) for all those systems affected by an 


Exposure Level major than high. 
In case of the quantitative risk approach is selected, a more complex procedure to be adopted 
for the realization of risk analyses aimed at preparing an RBI plan is included in the Eni 
Standard 28756.ENG.INT.PRG “Risk Analysis Methodology for Pipelines RBI Plan” 
whose main reference is the international code DNVGL RP-F116 “Integrity 
management of submarine pipeline systems”. 
 
The methodology is based on a computational process that, elaborating information/data 
regarding the design and the operating conditions of the system under analysis, allows to 
identify the threats affecting the pipeline and their associated likelihood and potential 
consequences; by means the combination of these output data/information, a risk assessment 
is carried out for each hazard.  
 
On the basis of this risk-based approach, it is possible to define the list of inspection and 
maintenance activities the system shall be subject to and assess the most adequate interval 
of frequency for each identified activity in order to keep the risk in the ALARP zone. 
 
All the evaluations performed on a pipeline system (or portion of the pipeline system) shall 
be periodically reviewed and updated throughout the entire life of the plant system. 
 
The evaluations that are performed in order to estimate and assign the exposure level to the 
pipeline system under analysis may be used as a solid starting point for the further risk 
analyses that are necessary for the preparation of Risk-Based Inspection plan. 


 
The risk analysis is based on the following steps: 


• Agreement on threats considered, comprehensive of those related to the pipeline 
system operating phase and on threats that are not expected (not relevant), providing 
the necessary justifications 


• Subdivision of the system into sections (the pipeline system should be broken down 
into sections as appropriate; such sectioning can be an iterative process and may be 
affected by varying threats, specifications, wall thicknesses, burial conditions, etc.) 


• Identification of threats for each section 
• Assessment of the potential cause and effects (damage/anomaly) related to the 


identified threats 
• Evaluation of the applied design criteria, utilization factor and adopted protective 


means 
• Estimation of the Probability of Failure (PoF) 
• Estimation of the Consequence of Failure (CoF) 
• Estimation of Risk Level 
• Definition of minimum requirements for the IMP (type and frequency of the 


activities). 
 
The risk-based approach requires more data and risk analyses results as basis and support. 
As an advantage, a risk-based approach enables the operator to have a better knowledge of 
the pipeline system, a greater degree of flexibility regarding inspection intervals, tools used, 
and mitigation techniques employed. 
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In order to allow the application of the methodology, specific project data shall be collected:  
• Pipeline mechanical design information; 
• Pipeline route; 
• Meteocean conditions; 
• Fluid composition data; 
• Environmental data;  
• Pipeline specification; 
• Pipeline operational data; 
• Soil data; 
• Bathymetry chart; 
• Cathodic protection design and data; 
• Marine traffic data;  
• Etc.  


 
Typical sources of information are the following documents but not limited to: 


• Design premises and design codes; 
• Design and remnant life; 
• Layout drawings; 
• P&IDs; 
• Piping class specifications; 
• Heat and material balances; 
• Risk analyses (i.e. HAZID and HAZOP); 
• Structural analysis; 
• Vessel data-sheets; 
• Operating data, past and actual; 
• Failure track records and failure analysis reports; 
• Inspection history and reports; 
• Repair interventions history and reports; 
• Corrosion prevention philosophy studies; 
• Materials selection reports; 
• Cathodic protection specification; 
• Cathodic protection inspection reports. 
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2.3 THREATS  
 
An overview of the most common pipeline threats organized into six (6) threat groups is provided 
here below. This list reflects relatively common industry practice. 


 
Table 2 – Pipeline system threats 


 
Pipeline system Threats 


Threat Group Threat 


DFI threats 
Design errors 
Fabrication related 
Installation related 


Corrosion/erosion 
threats 


Internal corrosion 
External corrosion 
Erosion 


Third party threats 


Trawling interference 
Anchoring 
Vessel impact 
Dropped objects 
Vandalism / terrorism 
Traffic (Vehicle impact, vibrations) 
Other mechanical impact 


Structural threats 


Global buckling (exposed) 
Global buckling (buried) 
End expansion 
On-bottom stability 
Static overload 
Fatigue (VIV, FIV, waves or process 


 


Natural hazard threats 


Extreme weather 
Earthquakes 
Landslides 
Ice loads 
Significant temperature variations 
Floods 
Lightning 


Incorrect operation 
threats 


Incorrect procedures 
Procedures not implemented 
Human errors 
Internal protection system-related 
Interface component related 


 
 


2.4 POF AND COF EVALUATIONS 
 
The methodologies to be applied for:  


• Estimation of the Probability of Failure (PoF); 
• Estimation of the Consequence of Failure (CoF); 
• Estimation of Risk Level; 
• Definition of minimum requirements for the IMP (type and frequency of the activities) 


are fully described in the above mentioned Eni Standard 28756.ENG.INT.PRG. 
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2.5 RISK MATRIX  
 
The matrix, as the one reported below, can be used to determine the base inspection interval 
(IR). 
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< 10
-5
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the industry 


10
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-4
 


An accident 
occurred in 
the industry 


10
-4 - 10


-3
 


Experienced 
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operators 
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-3 - 10


-2
 


Occurs 
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-2 - 10


-1
 


E 3 1 N/A N/A N/A 


D 5 3 1 N/A N/A 


C 8 5 3 1 N/A 


B 8 8 5 3 1 


A 8 8 8 5 3 


 
Figure 3 – Risk Matrix  


 
The final inspection interval (I) is determined as: 
 


I = IR · C · D 
 
where C and D are adjustments factors for confidence in and possible development of probability 
of occurrence of the incidental scenario(s). 
 
The adjustment factors (as in 28756.ENG.INT.PRG Risk Analysis Methodology for Pipelines RBI 
Development) may be evaluated by means of the application of two different schemes: 


i. Simplified rule; 
ii. The barrier framework method. 


 
In case of life extension, Eni Standard 23040.ENG.INT.PRG “Pipeline Requalification 
Guideline” requires a quantitative risk assessment (QRA) for the major threats and 
the consequent RBI plan definition. 
 
 


3 INSPECTION PLANNING, EXECUTION AND RESULTS EVALUATION 
 


All the inspection activities required by the inspection plan are described in the Best Practice 
bp svi eng 004 and in the Eni standard referred to therein.  
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The best practice gives a methodological approach to execute the systematic activities and 
controls related to design, materials specification & procurement, construction, operation, 
inspection and maintenance, aimed at minimizing the risk of failure to as low as reasonably 
practicable (ALARP) and maximizing the efficiency of the assets. 
 


 
 


Figure 4 –PIM process steps 
 
The first inspection, i.e. the baseline inspection, represents the initial system configuration and 
earliest integrity condition of the system and will represent the benchmark for the future in-
service inspections as per Inspection plan. 
The baseline inspection is articulated into internal and external: internal baseline inspection shall 
be carried out, if required, during pre-commissioning/commissioning phase, while it’s a standard 
practice to let external baseline inspection coincide with the As-built survey. 
 
During the operative period, periodic and special (in case of special unplanned events like 
incidents, storm events, etc.) inspections shall be carried out at an interval consistent with the 
Inspection strategy adopted. 
 
The results of the inspections executed shall be evaluated to verify if the system is working 
within the safety margins established by the design. The integrity in terms of “fitness-for-
purpose” and the residual risks are evaluated, and consequently the in-service inspection 
strategy shall be updated, if necessary. 
 
As result of fit-for-purpose evaluation and/or of requalification process, maintenance and/or 
repair activities could be executed to to rectify faults happened on a pipeline system and to 
restore the required operating conditions. 
 
And finally the requalification process required to establish the system is fit for a design life 
extension or original design criteria change, still ensuring the operability and the safety 
requirements. 
 
 


4 CMMS/IDMS 
 


4.1 CMMS 
 
For the existing plants, where an appropriate risk-based methodology cannot be immediately 
applied, a short-term approach can be used as an interim solution in order to obtain a coarse 
SECEs list [OPI HSE 021]. 
For the onshore and offshore pipelines a simplified methodology has been developed, based on 
the CPY Std 28755.ENG.INT.PRG Exposure levels of onshore & offshore pipelines, in order to 
identify if a proper pipeline has to be considered a critical equipment. 
 
SECE and relevant performance standard are implemented in the: 
• CMMS Computerized Maintenance Management System which includes the information 


needed to perform and manage maintenance activities; 
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• IDMS Inspection Data Management System which includes the information needed to 
perform and manage inspection activities during the operating phase to ensure plant integrity 
for the whole plant life.  


 


4.2 IDMS 
 
IDMS PIM is a Web-based application for the offshore and onshore Pipeline Integrity 
Management. 
 
Pipeline surveys/inspections produce a huge amount of data of different types and formats, 
which need to be efficiently stored, retrieved and examined. The surveys/inspections are 
performed, during the lifetime of the pipeline, by different Contractors, with different equipment 
and technologies, therefore the produced data are also usually not homogenous and require 
different tools to be examined. For this reason Eni has defined a standard format for the data to 
be produced by the Contractors, and has developed an ad hoc IDMS tool. 
 
The tool starts to be filled during the development phase with the baseline inspection data and 
the inspection and monitoring plan, and continue to be filled during the operating phase with the 
in-service inspection data and with the updating of IMP. 
Therefore the tool enables to efficiently manage, plan and organize the inspection and monitoring 
activities of the pipeline during all its life cycle. 
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1 SCOPE AND GENERAL INFORMATION 


1.1 PURPOSE AND SCOPE  
 
The scope of this Appendix is to summarize the status of the Risk-Based Inspection for the 
structures of the fixed steel platform, both substructures and topsides structure. 
 


1.2 REFERENCES DOCUMENTS AND NORMATIVES 
The latest edition of each publication shall generally be used, together with any 
amendments/supplements/revisions thereto, however, new revisions/updates during an activity 
or project will not be considered unless there are associated safety/environmental impacts. 
 


# Ref. Code Title 


1 EN ISO 19900 Petroleum and natural gas industries — General requirements 
for offshore structures 


2 EN ISO 19901-9 
Petroleum and natural gas industries — Specific requirements 
for offshore structures - Part 9: Structural integrity 
management 


3 EN ISO 19901-3 Petroleum and natural gas industries — Specific requirements 
for offshore structures - Part 3: Topsides structure 


4 EN ISO 19902 Petroleum and natural gas Industries – Fixed steel offshore 
structures 


5 Guidance Note NI 653 DT R00 E Risk-Based Structural Integrity Management for Topside 
Structures 


6 DNVGL-RP-C210 Probabilistic methods for planning of inspection for fatigue 
cracks in offshore structures 


7 bp svi eng 004 Plant & Structural Integrity for Asset Integrity Management 


8 07669.ENG.INT.PRG Criteria for Planning of Inspections and Maintenance on Fixed 
Offshore Platforms 


9 28879.ENG.INT.PRG Risk Analysis methodology for offshore platform deck 
structures RBI development 


10 20414.ENG.INT.STD Inspection of offshore platform topsides structure 


11 20181.ENG.INT.STD Inspection of offshore platform substructure 


12 08833.STR.MET.SPC Offshore Structures – Offshore construction 


13 28690.ENG.INT.PRG Design Criteria – Exposure levels of offshore platforms – 
Definition and evaluation 


14 28755.ENG.INT.PRG Exposure Levels of Onshore & Offshore Pipelines 
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2 RBI ASSESSMENT APPROACH  
 
Two approaches are currently available in Eni for jacket and deck structure as described in: 


• Company Std. 07669. ENG.INT.PRG (Ref. [2]) for Substructure  
• Company Std. 28879.ENG.INT.PRG (Ref. [3]) one for Topsides Structures. 


In the Company Spec. 07669. ENG.INT.PRG (Ref. [2]) is also reported a criterion to 
define the plan inspection of the topsides structures in the current ISO 19901-3 (Ref. [3]), 
based on a gradually increased and predefined Level of inspection without a risk assessment. 


It is planned to revise the ISO 19901-3 in 2021, by an IOGP/ISO committed led by Eni, and the 
structural integrity management will be updated and improved according to the recent ISO 
19901-9 (Ref. [2]) published in September 2019. 
 


2.1 JACKET STRUCTURE - SUBSTRUCTURE 
 


In the Sub-Structure, a Risk-based inspection approach is based on the Reliability Criteria of 
Fatigue Performance. The method was developed by Tecnomare (today Eni Progetti) during 
years 1994-1997 within a project for the extension of the operating life of offshore structures. 
 
The main procedure feature is, based on the comparison of each structure joints characteristics 
(geometrical, typological, loading pattern), to exploit inspection data of a selected joints group 
and extend the fatigue performance predictions of the analytical calculations to those not-
inspected.  


2.1.1 RISK ASSESSMENT APPROACH  


 
The welded connections identification to be inspected at Level III and IV surveys are done 
with the software reliability-based procedure code as FATRIP presently in Eni. 
This code is capable of identifying a sub-set of critical joint connections needing to be 
periodically inspected based on reliability criteria of fatigue performance. 
 
The Fatigue Reliability (Safety Index) is evaluated at the design phase and updated 
with available inspection data (done with CVI-Close Visual Inspection/NDT - Not Destructive 
Tests techniques) to define a periodical inspection plan on a reliable structural joints sample to 
keep the fatigue failure risk down to an acceptable range.  
The fatigue performance of welded tubular joints is very often the main issue of the “old” offshore 
platforms projected with first-generation codes. Very often results of conventional structural 
fatigue analyses highlight many joints are so critical and should be inspected or could be already 
cracked. The list of potentially risky joints could be so large and inspections on all joints by MPI 
techniques are practically unfeasible. On the other hand, it often happens inspections of selected 
joints sample do not show expected cracks. This misalignment between predictions and findings 
is for many predictive models uncertainties of the welded tubular joints fatigue behaviour due 
to physical randomness and model inaccuracies. 
 
Therefore it starts with an empirical ranking of joints to be inspected and then after the first 
inspection survey the number of joints to be inspected might be extended or reduced based on 
the actual findings.  
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Figure 1 - Exploitation of inspection results in FATRIP procedure 
 
 
In the end, the FATRIP Reliability procedure main feature is to extend evaluation (i.e., the 
inspection data) of the actual fatigue behaviour of the (few) inspected joints to the other ones 
(not-inspected) by correlation factors based on characteristics comparisons (geometrical, 
typological, loading pattern) of structure joints. 
This approach to reaching inspection planning is a good compromise between a theoretical 
approach and the engineering experience based on real cases.  
The main point is, as a matter of fact, the correlation factors estimation between the joints 
fatigue behaviour and the calculation criteria are on partly by data and partly by engineering 
experience. Therefore a simplification has to be introduced which consists of subdividing the all 
joints into few medium-high correlated sub-populations, which are separately analyzed and 
updated. 


2.1.2 THE FATRIP PROCEDURE DESCRIPTION  


 
The parameter to be evaluated is the Safety Index β based on project data at the beginning and 
inspection data after the first survey. 
 
The main steps of the methodology (see also Fig. 2) are the following ones:  
 


 
Figure 2– Selection of the set of joint connections, in FATRIP procedure 


 


  


INSPECTED NOT INSPECTED


ρ1


ρ2


UPDATE OF
RELIABILITY
INDEX β


ρ is the correlation factor
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a) Estimate of Fatigue Reliability β at each joint in Design Data (DFF). 
b) Identify critical joints in which β<βT (Fatigue Reliability Target varying along with the 


fixed structure and depending on the structural component importance). 
c) Therefore the first selection of a sub-set of critical joints to be inspected. 
d) Re-evaluate the Fatigue Reliability βupd of all the critical joints identified in step b, 


based results of executed inspections. 
e) Evaluate the Fatigue Reliability Updating βupd. 
f) Verify if βupd < βT in all critical joint in sub-set of critical joints in point b. If yes the 


sub-set critical joints are confirmed, if it is not, restarts the process. 
g) planning of following inspection surveys. 


 
The point 3 is based on the assumption that a sub-set of joints exists such that, if no cracks 
were detected on them during the inspection, the updated Fatigue Reliability β is greater than 
βT in all joints.  
The updating procedure is a reliability model that takes into account a correlation function 
between each couple of joints relevant to the bias between expected and actual fatigue 
performance, to extend the results of the inspection to the non-inspected joints (Fig. 1.3).  
 
Following the procedure, joints to be inspected are identified as for the expected levels of fatigue 
criticality at the end of the service time, the time of inspection, and the required target values 
of reliability. 
 


 


Figure 3- FATRIP procedure: safety index variation along time and updating based on inspection data, for 
a not inspected joint 


 
When the planned inspections are performed, and the inspection results are available: 
• In case of no cracks found after each periodical survey, the inspection results confirm the 


expected updating of fatigue reliability up to the minimum required target values, without 
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the need for further calculations. Anyway, the planned inspection surveys shall be periodically 
carried out, to keep along the next service years the required fatigue safety level. 


• On the contrary, if cracks are detected, this result could imply a decrease of reliability, 
primarily for joints typologically similar to the joints where cracks were found. A reliability 
updating calculation will then be needed, taking into account the actual inspection data. 
Finally, it could be necessary to plan periodical inspections of some of the joints typologically 
similar to the cracked ones. Again, a sequence of steps - similar to those above reported, 
but inclusive of the results of the performed inspections - will allow optimizing the next 
inspection survey. 


 
It will be evaluated if and how extensive use of Flooded Member Detection monitoring may 
supplement or partly substitute the CVI inspections. 
 
The Inspection Maintenance Repair (IMR) plan is identified by following the strength capacity 
and fatigue assessment analyses of the substructures. 
Generally: 
1. If the criticality is relevant to strength capacity under operative or storm conditions, suitable 


damage repairs or strengthening or load reduction interventions are identified; 
2. If the criticality is relevant to fatigue behaviour, i.e. The updated fatigue reliability target of 


a welded connection, calculated at the end of the extended service time, is lower than 
the target value, a suitable close visual inspection (cvi) plan is identified, supplemented by 
flooded member detection (fmd) monitoring.  


 
Typical remedial actions for strength capacity criticality are: 
• Damage repairs, e.g., grinding of cracks, clamps grouted at joint connections, replacement 


of conductor or riser supports, member replacement; 
• Strengthening interventions, e.g., member strengthening, adding of braces; 
• Load reduction interventions, e.g., periodical cleaning of marine growth, changes of topside 


facilities. 
 
The selection of the most suitable remedial action is identified on case-by-case bases. The actual 
efficiency of the proposed solution will be checked as well. 
For instance, in the case of a critical crack defect, the identification of the intervention will 
proceed as follows: 
-  check of the feasibility of grinding repair intervention: if effective, grinding is the easiest and 


less expensive remedial intervention, and thus it will be investigated first; 
-  feasibility analysis of other possible repair interventions (e.g. clamps, welding repair, pile/leg 


annulus grouting, etc.), 
-  final identification of the most promising remedial interventions. 
 
The main features of the new methodology are described here below, and are:  


• A simple reliability model, based on S-N curves, representative both of the event of 
fatigue failure and a crack detection during inspection surveys;  


• A rational evaluation of the correlation between fatigue behaviours of different joints, 
based on the comparison of joints characteristics (geometrical, typological) and structural 
response to loads;  


• A Bayesian updating of the reliability estimates of all the structural components, based 
on the inspection results of the inspected joints. The simple format of the reliability model 
allows to perform the system reliability updating in real-time, using FORM/SORM 
calculations or Monte Carlo simulations, and allows the use of all the information made 
available also from historical surveys;  


• A method of accounting for uncertainties in inspection data, using opportune 
modifications of the probability distributions of reliability model variables. 
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Here below-described procedure to be followed in a few representative cases. 
 


1. Inspection surveys on New Structures 
New structures are usually designed with criteria against fatigue corrosion. 
The tubular connections are not critical for fatigue, and cracks are not expected.  
Periodical inspections are required for verification. Connections to be inspected are a 
representative sample of the entire statistical population of welded connections. Any defects 
detected is extended to a similar connections group. 
 


2. Initial inspection survey on Aged Structures 
The structural connections sample to be first inspected has been statistically representative and 
selected among the most critical under fatigue. The next survey extension and timing is planned 
(assuming no defect presence after the inspections) enlarging the fatigue reliability of all 
connections (inspected and not inspected) more than the required target values. 
The criterion is summarized in the following diagram: 
 


 


Figure 4 – Initial Inspection Survery on Aged Structures 
 
FATRIP procedure needs reliability targets to be set to structures members, subdivided into 3 
main levels of structural importance, i.e., consequences (high, mean, low) on platform global 
collapse platform of member failure due to fatigue.  
These target values are as of accumulated probability of fatigue failure along with the whole 
service life, and the code inputs are safety indices. 
 


3. Inspection surveys on aged structures, with inspection data available 
Two cases: 


• No cracks found after the initial survey. 
The inspection results confirm the expected fatigue reliability up to the minimum required 
target values, no calculation needs. Then, a minimum maintenance inspection plan is 
identified to keep along the next service years the required fatigue safety level. 
The variation vs time of the fatigue safety index of one-member connection, taking into 
account the impact from the results of historic surveys and the expectative of future 
surveys, are shown in diagrams as in Figure 5. 
The continue line is the original “a-priori” safety index, the dotted line is the target 
(constant) value, the bold line is the updated value of safety index. 
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Figure 5- Safety Index variations vs Time diagram 


 
• On the contrary, if cracks are detected. 


The inspection results imply to a reliability decrease in joints typologically similar to 
the joints with cracks.  
A reliability calculation is required for with actual inspection data.  
Therefore an inspection plan periodical is performed in few joints typologically similar 
to the cracked ones. A steps sequence of those required for the identification in the 
Initial Inspection survey including results of the performed inspections will allow 
optimizing the next inspection surveys. 


 
Further information on FATIP is reported in the document as per Ref. [2]. 


2.1.3 STRUCTURAL SAFETY LEVELS (SAFETY INDEX) COMPONENTS BASED ON 
DAMAGE CONSEQUENCE (DESIGN PHASE) 


In accordance with the DNVGL-RP-C210 Ref. [6] in section 8 “Target Reliability,” the target 
values depend on the failure consequence. This is normally assessed at the design phase by the 
selected Design Fatigue Factor (DFF) for the considered hot spot. This data is also a basis 
in the calculation of required reliability during the in-service life of the structure. 
 
The evaluated probabilities of fatigue failure are shown in Figure 1-4 and Figure 1-5 based on 
uncertainties in calculated load effect (as input to S-N data - uncertainty in the Palmgren-Miner 
rule is included as log-normal with median 1.0 and CoV = 0.30). 
 
The analyses are based on 20 years’ service life for a Floating Structure depending on wave 
environment. Welded connections typologies results for CoVs on load effect on hot spot stress 
from 0.10 to 0.30 are presented.  
 
In Fixed Jacket Structures with tubular members, DNV standard recommends the 
following expected CoV values: 


• 0.25, for connections below the splash zone 
• 0.30, for connections within the splash zone. 
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The uncertainties contributing most significantly to a calculated probability of fatigue failure are 
included in the derivation of the 2 figures.  
 
The Accumulated and the Annual probability of failure as a function of DFF is in Figure 6 and 
Figure 7, respectively. 
Thus, in these figures, the safety level is assessed with a specific Design Fatigue Factor. 
 


 


Figure 6 - Accumulated probability of fatigue crack failure as a function of the design fatigue factor 
 


 


Figure 7 - Annual probability of fatigue crack failure as a function of the design fatigue factor 
 
For submerged tubular connections of typical Offshore Fixed Platform with jacket structures, 
assuming a CoV=0.25 to be representative of a mean uncertainty in load effect, Table 1 provides 
the probabilities of failure that are associated to the safety levels DFF.  
In accordance with the DNV guidelines, these values are accepted criteria in establishing the 
inspection intervals for NDT inspection on submerged tubular members of fixed offshore 
platforms. 


Note: The safety index β, linked to the probability of failure Pf by the expression β= Φ-1(Pf) where Φ is the 
normal distribution function, is an equivalent way of expressing the same meaning, but often preferred for 
simplicity of reading. 
 


Table 1 -  Relation between Design Fatigue Factor (DFF) and  
Probability of failure (CoV=0.25) on the load effect 


Design 
fatigue 
factor 


Accumulated probability of fatigue 
failure 


Annual probability of fatigue 
failure 


Probability Safety 
index β 


Probability Safety index 
β 


1 1.30 E-01 1.13 1.00 E-02 2.33 
2 3.30 E-02 1.84 4.00 E-03 2.65 
3 1.30 E-02 2.23 2.00 E-03 2.88 
5 3.00 E-03 2.75 6.00 E-04 3.24 
10 3.00 E-04 3.43 6.00 E-05 3.85 


 







eni spa  02961.ENG.COR.PRG                                                                                                                                                                            
Rev. 01 – November 2020                                                                                  


            Pag. 11 of 15 
 


   
 


 


In NDT inspection on tubular members at splash zone, a similar table would be appropriate but 
built on curves with CoV = 0.30.  
 
In offshore structures of general type (not tubular), a table built on curves with CoV=0.20 may 
be considered (to be conservative). 
 
The annual probabilities of failure listed in Table 1.1 are presented for the last year in service 
life of 20 years. For another service life (derived by × years) an annual probability of failure can 
be derived as: 


P f annual, x = P f annual, 20 (20 / x) 
 


2.1.4 FATIGUE RELIABILITY TARGETS (ANNUAL TARGETS) FOR NDT PLANNING 


 
For each connection, the Fatigue Reliability Index (safety index  β) is a decreasing in time, and 
it is an indication on the probability that a fatigue failure may happen in the time elapsed from 
construction time or (in case of updated fatigue reliability) from the time of the latest inspection.  


At a set time, the "safety status" of a specific connection regarding its fatigue behaviour is 
evaluated by comparing the joint Estimated Fatigue Reliability with an Annual Target 
value, named "Fatigue Reliability Target". If the calculated reliability value is lower than 
the target value, then the connection is critical. 


Usually, for inspection purposes, the Fatigue Reliability Target of each joint is evaluated 
based on the importance of the member concerning the safety of the platform, and of the 
Exposure Level of the platform itself. 
 
The Fatigue Reliability Targets consist of a range of values, to take into account: 


• 3 levels (high, mean, low) of structural importance of platform components (i.e., 
member connection) associated to the expected consequences (serious, moderate, 
minor) on platform global collapse in case of member failure due to fatigue: 


o According to ISO 19902 (Ref.[4]), Table A16.12-2, for inspectionable members of 
new platforms the design fatigue factors (DFF) range from 5 to 2; 


o for L1 platforms, relations between DFF and probabilities of failure (and also 
safety indices β) are as per Table 1.1; 


o Thus, for L1 platforms it is reasonable to assume the following correspondence: 
 High importance (DFF = 5):       βannual = 3.24, βaccumulated = 2.75 
 Medium importance (DFF = 3):  βannual = 2.88, βaccumulated = 2.23 
 Low importance (DFF = 2):        βannual = 2.65, βaccumulated = 1.84 


Note: These annual values are close to the ones that were reported in the previous revision 
4 of the present document. They are now completed with the accumulated values, which 
are needed for running FATRIP software procedure 
 


o a qualitative assignment of the members to the 3 level categories are carried out 
by using Table 3 (widely used in Eni for a long time).  
 


• 3 Exposure Levels (Els) of platforms: 
o According to Table 2 of Ref. [2], (default requirements), ISO requires same efforts 


to Level IV surveys in Exposure Levels L1 and L2 (manned platforms), while 
minor efforts are required in L3 (unmanned) platforms (Level IV surveys 
generally not required). 







eni spa  02961.ENG.COR.PRG                                                                                                                                                                            
Rev. 01 – November 2020                                                                                  


            Pag. 12 of 15 
 


   
 


 


o Thus, it is reasonable to assign: 
 for L1 and L2: same target requirements, as above assumed for L1 
 for L3: Level IV only for high consequence members which do not fulfil the 


requirements of low consequence members of the L1 platform. 
o A guideline for identification of the exposure level is reported in the Eni 


specification in Ref. [7]. 
 
Finally, the Fatigue Reliability Targets for the Level IV inspection planning of welded tubular 
connections are reported here following (in bold, the accumulated probability value to be used 
by FATRIP software procedures): 
 


Table 2  - Fatigue reliability targets for Level IV inspection planning 


Platform 
Exposure 


level 


  Member 
Structural 
importance 


Consequences 
of fatigue 
damage 


Design 
fatigue 
factor 
(DFF) 


Annual 
probability of 


failure 


βt,annual Accumulated 
probability of 


failure 


βt,accumulated 


L1   High Serious 5 6.00 E-04 3.24 3.00 E-03 2.75 
   Medium Moderate 3 2.00 E-03 2.88 1.30 E-02 2.23 
   Low minor 2 4.00 E-03 2.65 3.30 E-02 1.84 


L2   High Serious 5 6.00 E-04 3.24 3.00 E-03 2.75 
   Medium Moderate 3 2.00 E-03 2.88 1.30 E-02 2.23 
   Low minor 2 4.00 E-03 2.65 3.30 E-02 1.84 


L3   High Serious 2 4.00 E-03 2.65 3.30 E-02 1.84 
   Medium Moderate N.A. N.A. N.A. N.A. N.A. 
   Low minor N.A. N.A. N.A. N.A. N.A. 


 
For any platform structure, the 3 categories of members importance (high, medium, low) are 
set qualitatively to members without explicit relationships to measurable quantitative 
parameters of the importance.  
Efforts have been made in the past, aimed to explicate this relationship, but any endorsement 
has been finally received by international normative, likely for yet lacking extensive calibrations 
(heavily depending on the probabilistic parameters used for the assessment).  
 
In annex 4, the procedure suggested at point 8.4 of DNVGL-RP-C201, Ref [6], is briefly reviewed 
for information. 
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Table 3 – Guidelines for assigning importance level to structural members of offshore fixed platforms 


 
 
A risk matrix is not properly defined in terms of PoF (probability of Failure) and CoF 
(Consequence of Failure). However, as regards CoF the structural elements are categorized in 3 
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levels of importance (high, medium and low) without explicit relationships to measurable 
quantitative parameters of the importance. 
 


2.2 TOPSIDE STRUCTURE  
 
The guideline intends to be the first step towards the definition of a Risk-Based Inspection 
methodology but it requires development in the next future. 
 
The method is based on a scoring approach, aimed at estimating the expected potential 
likelihood of failure for each structural item identified as Critical Structure. 
 
The method is referred to the guideline provided by Bureau Veritas in Ref. [5]: 
 


1) Identification and list of the structural items to be included in the analysis; 
 


2) Categorization of each of the items listed according to the level of criticality for safety 
issues; 
• Identification of the Critical Structures (CS) 
• Categorization of each item, belongings to the CS, following the structural class 


categories in accordance with Eni spec. 08833.STR.MET.SPC rev.7 (Ref. [6]); 
• The five (5) “Categories” identified by Company standard may be grouped into three 


(3) levels of prioritization: 
- from a] to c]  level H (High) 
- d]  level M (Medium) 
- e]  level L (Low). 


 
3) Contextualization of the analysis, using the assignment of the Exposure Level to the 


installation under investigation; 
 


4) Combination between categorization for each of the items listed and exposure level of 
the belonging system (i.e. installation under investigation). 


 
The identification of the most proper risk level method to estimate dedicated 
maintenance/inspection task frequencies is the outcome. 
 
The Scoring Model is a semi-quantitative method, low computational time requiring, able to 
generate a preliminary risk screening on the system under analysis. 
 
Through the application of a scoring model, the factors influencing the vulnerability of the system 
under analysis are identified and properly combined to produce general reliability indexes 
relevant to structural integrity and hazards exposure. 


According to the mentioned approach, hazard factors can be identified and assessed, 
determining the likelihood of failure for the analysed items. 
A severity level of the consequences has then been determined, evaluating Safety, 
Environmental and Economic issues. This consequences evaluation requires the involvement of 
different disciplines and it is essential for the definition of the risk score matrix. 
Using the combination of likelihood and severity of consequences, a risk score for each hazard 
and each item is evaluated 
Finally, based on the Risk score matrix the frequency of the inspection can be evaluated and 
increased, if necessary with respect to the based frequency intervals defined in the company 
spec. 07669. ENG.INT.PRG (Ref. [2]). 
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3 INSPECTION PLANNING, EXECUTION AND RESULTS EVALUATION  
 
Criteria and different type of inspection of the substructure, of the topsides structure and the 
above-water part of the jacket are described in the company spec. 07669.ENG.INT.PRG (Rif. 
[2]). 
The inspection tasks and the selection criteria to identify the elements to be inspected for the 
topsides structure and the above-water part of the jacket are reported in the company spec. 
20414.ENG.INT.STD (Rif. [4]). 
The inspection tasks and the selection criteria to identify the elements to be inspected for the 
substructure are reported in the company spec. 20181.ENG.INT.STD (Rif. [5]). 
 
3.1 INSPECTION RESULTS EVALUATION 
 
The inspection results evaluation is performed by the structural department and by the material 
and corrosion department according to the criteria given in the company specification (see Ref. 
[2], [4], [5]) and in the international standards. 
 
 


4 CMMS/IDMS 
 


A CMMS system for the structural components of the platform is not currently available. 


The future main goal of the above-described Risk assessment is to arrange the CMMS system 
for Topsides and Substructure elements. 


 





		1 SCOPE AND GENERAL INFORMATION

		1.1 PURPOSE AND SCOPE

		1.2 References Documents and Normatives



		2 RBI ASSESSMENT APPROACH

		2.1 JACKET STRUCTURE - SUBSTRUCTURE

		2.1.1 RISK ASSESSMENT APPROACH

		2.1.2 THE FATRIP PROCEDURE DESCRIPTION

		2.1.3 STRUCTURAL SAFETY LEVELS (SAFETY INDEX) COMPONENTS BASED ON DAMAGE CONSEQUENCE (DESIGN PHASE)

		2.1.4 FATIGUE RELIABILITY TARGETS (ANNUAL TARGETS) FOR NDT PLANNING



		2.2 TOPSIDE STRUCTURE



		3 INSPECTION PLANNING, execution and results evaluation

		3.1 Inspection results evaluation



		4 CMMS/IDMS






eni spa                                                      
                                                                                                       


ENGINEERING COMPANY STANDARD 
Documento riservato di proprietà di Eni spa. Esso non sarà mostrato a terzi né utilizzato per scopi diversi da quelli per i quali è stato inviato.  


This document is property of Eni spa. It shall neither be shown to third parties nor used for purposes other than those for which it has been sent. 


COMPANY STANDARD 
 


APPENDIX D: NAVAL 
 


 


 
 
 
 
 


02961.ENG.COR.PRG 
Rev. 01 – November 2020 


 
 
 
 
 
ABSTRACT This Appendix is intended to be used by Company in the development, 


implementation, and delivery of a process to maintain system integrity 
of Floating Production Installations (FPIs) and Tension Leg Platforms 
(TLPs) that, as such, include both Vessel (Accommodations, Hull and 
Marine Systems) and  Mooring System. 
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1 SCOPE AND GENERAL INFORMATION 


1.1 PURPOSE AND SCOPE  
 
This Appendix is intended to be used by Company in the development, implementation, and 
delivery of a process to maintain system integrity of Floating Production Installations (FPIs) and 
Tension Leg Platforms (TLPs) that, as such, include both Vessel (Accommodations, Hull and 
Marine Systems) and  Mooring System but exclude Topsides Systems that are covered under 
Appendix A.  
The specifications, procedures, and guidance referenced herein are based on internationally 
recognized industry standards and Company’s standards. 
 
 


1.2 REFERENCES DOCUMENTS AND NORMATIVES 
 
The latest edition of each publication shall generally be used, together with any 
amendments/supplements/revisions thereto, however, new revisions/updates during an activity 
or project will not be considered unless there are associated safety/environmental impacts. 
 


# Ref. Code Title 


1 bp svi eng 004 r02 Annex F Plant & Structural Integrity for Asset Integrity 
Management – Annex F: Focus on the FIM 


2 27954.MAN.GEN.SDS Maintenance Management Data from Vendors & EPC 
Contractors (CMMS Data Collection) 


3 28844.ENG.NAV.PRG Floating Unit Integrity Management 


4 28846.ENG.NAV.PRG Survey Requirements for Candidate Vessels 


5 API P 2FSIM Floating Systems Integrity Management 


6 API RP 2MIM Mooring Integrity Management 


7 API RP 2SM Design, Manufacture, Installation, Maintenance of 
Synthetic Fiber Ropes for Offshore Mooring 


8 API RP 2I In-service Inspection of Mooring Hardware for Floating 
Structures 


 


 


2 RBI ASSESSMENT APPROACH 
 
Company adopt risk-based principles for developing IM (Integrity Management) strategies that 
consider the present condition of an FPI (Floating Production Installation), the likelihood of 
damage or degradation of a structural component or structural system, and the potential 
consequences.  
The consequences of failure include the potential for loss of life, as well as undesired 
environmental and/or economic impacts (e.g. repairs, clean up, replacement, and deferred 
production).  
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A risk-based approach recognizes that FPIs with higher risks could warrant more frequent and 
more focused inspection than those with lower risk. During the development of an inspection 
strategy, an FPI’s risk category is commonly used for setting survey intervals and work 
scopes as part of a risk-based IM strategy. 
 
A risk-based approach for a safety-critical maritime system/unit is one in which any perceived 
risk to the system can be evaluated to identify where there may be a need for possible risk 
reductions or design modifications. By having a consistent systems-level approach and by 
pursuing a risk-based framework to develop, evaluate, plan, and implement an Integrity 
Management (IM) program for a floating system, the user can tailor the IM program (Ref. [4]) 
around the unique design drivers, in-service and operating conditions while conforming to the 
owner’s organizational safety, health and environmental risk management policies and 
regulatory requirements. 
 


3 INSPECTION PLANNING, EXECUTION AND RESULTS EVALUATION 
 


The majority of the FPIs, developing Company’s fields, is classed: for this reason, the 
In-Service Inspection Plan associated to these FPIs are in accordance with the 
applicable RCS’s (Recognized Classification Society rules).  
 
The asset owner could accomplish with more stringent requirements above and beyond the 
applicable RCS’s ones if deemed of the essence to prolong its service life thus reducing, at the 
same time, expensive repair and maintenance works during marine offshore operations. 
 
API’s existing suite of recommended practices such as API 2FSIM (Ref. [5]) and API 
2MIM (Ref. [6]) address several aspects of life cycle IM expectations, by capturing 
experiences from owners, operators, integrity management specialists, RCSs, and regulators, 
establishing a common framework for IM for FPIs.  
The types of floating systems and their components are listed and described within API 
Recommended Practices here in after referenced (Ref. [5] and [6]). 
 
The Company’s Standards provide, in addition to that suite, guidelines that define: 
 
• The inspection plan, criteria and methodologies to be adopted for planning post-


installation inspection on-board the FPIs (28844.ENG.NAV.PRG “Floating Unit Integrity 
Management”-Ref. [3]).  
 


• The procedure and scope for surveys on candidate's vessels for their conversion to 
FPI service (28846.ENG.NAV.PRG “Survey Requirements for Candidate Vessels”-Ref. [4].  


 
These standards (28844.ENG.NAV.PRG and 28846.ENG.NAV.PRG) exclude the Topsides Systems 
for which reference is to be made to Appendix A and also it does not address Risers that are 
addressed separately in Appendix F. Dynamic positioning is not covered in this Appendix D. 
 
Company standard 28844.ENG.NAV.PRG (Ref. [3]) and API 2MIM (Ref. [6]) guide the 
IM of mooring systems connected to a permanent FPI. The scope of these codes extends from 
the anchoring system to the connection to the FPI (e.g. chain stopper) and includes components 
critical to the mooring system (e.g. turret bearings, fairleads, chain stoppers, anchors, suction 
piles). 
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Specific guidance is provided for the inspection, monitoring, evaluation of damage, fitness-for-
service assessment, risk reduction, mitigation planning, and the process of decommissioning. 
API RP 2MIM (Ref. [6]) incorporates and expands on the IM recommendations found in API 2I 
(Ref. [8]) and API 2SM (Ref. [7]).  
 
FPIs described in Appendix D are governed by local regulatory requirements and Recognized 
Classification Society (RCS) rules (if classed). No specific regulatory compliance or RCS 
requirements are restated in this Appendix D. 
 
 


4 CMMS AND FIM 
 
Company developed a methodology to implement a CMMS in any production field to manage the 
associated maintenance activities (Ref. [2]). To guarantee an adequate maintenance service, all 
the data necessary to populate the CMMS have to be collected during project development 
phases and delivered to the operations team responsible for their uploading within the CMMS 
software.  
All Vendors and EPC Contractors and Sub-Contractors are to be involved in the data collection 
related to the CMMS implementation.  
 
The above-described methodology is to be considered and applied in conjunction with the 
database implementation associated to the Software module Floaters Integrity Management 
(FIM), which is a tool for the management of the inspection data, as set forth by Company’s 
Best Practice (Ref. [1]). 
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ABSTRACT This appendix deals with the execution of RBI studies for on shore Civil 


and Coastal Marine structures in Upstream, Refinery and Petrochemical 
plants. 
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1 SCOPE AND GENERAL INFORMATION 
 


1.1 PURPOSE AND SCOPE  
 
This Appendix is primarily for the application of a RBI approach to the Condition 
Assessment (CA) of onshore civil and coastal marine structures. It assists the RBI Team 
to perform objective, consistent and reproducible optimized inspections on the critical 
elements of a structure, and conduct robust Remaining Service Life assessments 
(RSL).  
The indications included in this Appendix are based on the in-house inspection experience, 
in particular of steel and concrete structures, Company Specifications and referenced 
relevant international Standards. 
 
To ensure the safety and reliability of civil and coastal marine structures during their 
service lifetime, is essential evaluating their status in order to plan relevant maintenance-
inspection programs. 
Current industrial practice for the status assessment of existing onshore civil and coastal 
marine structures is based on periodic visual inspections of the structural elements, 
generally realized in reinforced concrete or steel. 
Conversely, the RBI methodology allows to focus on a few critical elements with high risk 
(which is the combination of the consequence of failure and the probability of failure 
occurrence). In this way, inspection and maintenance strategies can be optimized by 
consideration of their effect on the expected service life benefits. 
 
The identification of the most cost efficient maintenance-inspection strategies for civil and 
coastal marine structures is influenced by the availability of information and it takes basis 
in condition assessments achieved through on-site inspections, tests and monitoring, from 
which information may be obtained to update the currently available knowledge. 
 
Here following is reported a list of typical civil and coastal marine works: 
 


• Foundations for turbo alternators and compressors; 
• Foundations for pumps; 
• Foundations for steel structures and lighting towers; 
• Foundations for columns and vertical vessels; 
• Foundations for exchangers and horizontal vessels;  
• Foundations for heaters; 
• Foundations for storage tanks; 
• Civil or industrial Buildings; 
• Auxiliary structures for equipment (e.g. reactors, column, vessels, air coolers);  
• Cooling tower; 
• Retaining walls and bund walls; 
• Pits, basins, U/G chambers; 
• Pipe pack; 
• Bridges and road crossings; 
• Concrete plant pavements; 
• Concrete trenches (with slabs) for cables or pipes; 
• Trapezoidal or rectangular section channels; 







eni spa  02961.ENG.COR.PRG                                                                                                                                                                            
Rev. 01 – November 2020                                                                                  


           Pag. 4 of 12 
 


ENGINEERING COMPANY STANDARD 
Documento riservato di proprietà di Eni spa. Esso non sarà mostrato a terzi né utilizzato per scopi diversi da quelli per i quali è stato inviato.  


This document is property of Eni spa. It shall neither be shown to third parties nor used for purposes other than those for which it has been sent. 


• Jetty and dolphins (including access trestle, loading/unloading platforms, mooring 
dolphins, berthing dolphins, catwalks, etc.); 


• Quay walls for marine terminals, support harbours and material offloading facilities 
(including backfilling, vertical retaining structures, open quay sloped protection 
and foundation piles, etc.); 


• Breakwaters (including sloped armoured, caissons, vertical walls and floating 
booms); 


• Shore protection (including sea walls, groynes, etc.); 
• Dredging (including offshore and onshore disposals); 
• Land reclamation and backfilling; 
• Water intakes and outfalls. 


 
Because of the degradation processes, such as for example ingress of chlorides and 
subsequent corrosion of the reinforcement in reinforced concrete structures, structural 
elements can degrade gradually and, if no intervention is made, the state of the structures 
may become a matter of significant risks to personnel, environment and 
production/operation. 
 
 


1.2 REFERENCES DOCUMENTS AND NORMATIVES 
 
# Ref. Code Title 


[1]  02961.ENG.COR.PRG Guidelines for Risk Based Inspections 


[2]  bp svi eng 004 Plant & Structural Integrity for Asset Integrity 
Management 


[3]  28875.ENG.OFF.STD Functional Specification for Marine Works 


[4]  28908.ENG.CIV.PRG Design of Coastal Marine Facilities 


[5]  28909.ENG.CIV.PRG Criteria for Planning of Inspections and Maintenance of 
Coastal Marine Facilities 


[6]  28922.ENG.CIV.STD Inspection of Coastal Marine Facilities 


 


 


2 RBI ASSESSTMENT APPROACH 
 
The RBI approach for civil and coastal marine structures adopts risk-based principles for 
developing inspection and maintenance strategies that consider the present condition, the 
likelihood of damage or degradation of a structural component or system identified as 
critical, and evaluating potential consequences.  
Due to the nature of civil works, most of which cannot be fully inspected like foundations 
or underground network, RBI methodology is applied only to structural items of following 
categories: 
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Table 1 – Civil Structure Category 


CIVIL STRUCTURE CATEGORY 
I.  Buildings 


II.  Pipe racks 
III.  Open Basins 
IV.  Retaining walls 
V.  Trapezoidal or rectangular section channels 


VI.  Pits, basins, U/G chambers 
VII.  Auxiliary steel structures for equipment 


VIII.  Equipment foundations (above ground portion only) 
 
 
For coastal marine structures, the inspections are extended to above water and below 
water elements.  
The RBI methodology is applied to the following categories of coastal marine facilities: 
 


Table 2 – Coastal Marine Structure Category 


COASTAL MARINE STRUCTURE CATEGORY 
IX.  Jetty structures 
X.  Port facilities 


XI.  Mooring patters 
XII.  Berthing patterns 


XIII.  Sea protection works 
XIV.  Water intakes and outfalls 


 
 
RBI methodology, applied to the above listed civil and coastal marine structures, is based 
on the following main steps: 
 


1) Identification and list of the structural items to be included into the 
analysis 


 
2) Identification of critical structures 
 
3) Categorization of each of critical structures according to the level of 


consequences for safety, environmental or production/operation 
 
4) Contextualization of the analysis, by means of a risk assessment in order 


to evaluate the probability of failure of the elements under investigation 
 
5) Combination between probability of failure and consequences in order 


to identify the priority for inspection of the elements under investigation. 
 
Outcome of the analysis is the identification of the Priority Level (PL) for the civil and 
coastal marine structures inspection and maintenance tasks. 
 
Steps are described more in details as follows: 
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STEP 1 - List of Structural Items 
 
The starting point is the preparation of a complete list of the structural elements 
(members and joints) composing the system under analysis. A univocal tag is identified 
each structural elements. The list is extracted from the available structural drawings, 
structural outlines and inspection data sheets, and is consistent with the 3D models.  
 
STEP 2 - Identification of the Critical Structures (CS) 
 
Critical Structures (CS) are defined as a part of the structure or structural components, 
loss of which will cause specific life-safety, environmental pollution or 
production/operation consequences. The set of CS shall be identified from the list of 
Structural items (STEP 1). 
 
STEP 3 – Severity of Consequence (SC) 
 
Severity of consequence for each CS forms the basis for risk-based strategies 
recommended in this document.  
A qualitative assessment method based on expert judgement without any numerical 
analysis is adopted for the 3 different aspects of Safety, Environment (short and log term) 
and Business (lost production, repair).  
Overall consequence level for a CS shall be determined based on the highest rating 
as identified for the three different aspects. This means that it is necessary to 
perform the screening classification on the different aspects. It is reasonable to organize 
the classes to cover the consequence of failure from smallest to largest possibility in 
different aspects.  
 
An example of identification of SC for CS is given in the table below. 


 


Table 3 – Example of identification of SC for CS 


SEVERITY OF 
CONSEQUENCE 


CONSEQUENCE 
CLASS SAFETY ENVIRONMENT BUSINESS 


Minor 1 No injury No damage <10,000$ 


Moderate 2 Injury Minor damage 10,000 - 
100,000$ 


Serious 3 
Injury 


hospital 
treatment 


Damage, 
mitigation possible 


100,000 - 
1,000,000$ 


Major 4 Permanent 
injuries 


Damage, no 
mitigation possible 


1,000,000 - 
10,000,000$ 


Catastrophic 5 Fatalities Serious damage >10,000,000$ 
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STEP 4 - Assessment of the Probability of Failure (PoF) 
 
Hazard factors (HF), defined as factors influencing the vulnerability of the item 
under analysis, including damage, degradation mechanism and inspection program 
effectiveness, are identified and assessed for each critical structures (CS). 
Hazards Factors evaluation is a multi-disciplinary activity and therefore should require the 
involvement of, at least, structural specialist, corrosion specialist and safety specialist. 
Multiple HF may be associated to the same critical structure (CS), or part of it, under 
evaluation. 
A typical set of HF for Civil and Coastal Marine structures is reported in the following table 
(see also Table of “List of Damage Mechanisms” as provided in document Ref. [1]). 
 
 


Table 4 – Degradation mechanisms for Steel Structures 


STEEL STRUCTURES 


Degradation Mechanism Description 


Corrosion  
Electrochemical process that occurs with the 
simultaneous presence of water and oxygen, where the 
iron in the steel is oxidised to produce rust. 


Degradation of External 
Coating 


Coating failure due specification errors, poor surface 
preparation or application, deficient film thickness or 
environmental influences (solar/heat, chemical, vibration, 
microbiological attack etc.). 


Fatigue of metals 


Fatigue of metals is a process that occurs in cyclic loaded 
structures and arises generally with cracks at locations 
subjected to local stress concentrations, typically welds 
and other connection types (e.g. rivets, bolts). 


Mechanical Damages Mechanical damage may be caused by abrasion, erosion, 
vapours or gases, or impact damage. 


Fire damage Fire damage can cause weakening of steelwork. 


Bolt loosening/tighten 
failure 


Self loosing of bolts is a phenomenon that may occurs on 
the bolt joints under vibration. 


Poor Fabrication Practice 
Failure to follow specified procedures and good practice, 
or outright carelessness during fabrication may lead to 
defects in the steel and a reduction in its performances.  
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Table 5 – Degradation mechanisms for Concrete Structures 


CONCRETE 


Degradation Mechanism Description 


Sulphate Content 
The presence of excess sulphate from contaminated 
aggregate in freshly made concrete can cause severe 
degradation due to sulphate attack. 


Delayed Ettringite 
Formation 


Delayed Ettringite Formation is an expansion of concrete 
associated with the delayed formation of the mineral 
ettringite. Ettringite tends to cause tensile stresses within 
the concrete (or mortar) because is an expansive 
compound that is bigger in volume than its forming 
chemicals (calcium aluminate and sulphate taken 
together). Due to this expansion cracks (gaps) are formed 
around aggregates. 


Chloride Content 
Aggregate contaminated with chlorides, or chlorides 
dissolved in chemical admixtures or mixing waters, can 
induce steel reinforcement corrosion. 


Alkali Aggregate Reaction 


Reaction between the aggregates and the alkaline cement 
paste, leading to the development of expansive crystalline 
gel which is sufficiently strong to cause cracking of the 
aggregate and of the concrete matrix. 


Carbonation 


Loss of alkalinity in the concrete as a result of calcium 
hydroxide depletion (brought about by the presence of 
atmospheric carbon dioxide, which with moisture forms 
carbonic acid). Calcium Hydroxide reacts with Carbonic 
Acid, precipitating the Calcium Carbonate and allowing 
the pH to fall to a level where rebar steel corrodes. 


Chloride Attack 
Chloride ions can penetrate concrete structures by means 
of capillary absorption, hydrostatic pressure, or diffusion 
and may induce rebars corrosion. 


Sulphate Attack 


Sulfate attack is a form of concrete deterioration that 
occurs when concrete comes in contact with water 
containing sulfates ions (e.g. in waste water treatment 
plant as the result of chemical and biological processes). 


Chemical Attack 


Dissolution and disintegration of the concrete matrix due 
to the effect of harmful substances such as acids, soft 
water, grease and oils, which subsequently assist in the 
rebars corrosion mechanism by reducing the depth and 
quality of the concrete cover. 


Mechanical Damage 
Mechanical damage may be caused by abrasion, erosion, 
impact damage seismic tremors or other sources of 
vibration. 
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Fire Damage 


Fire damage can cause spalling of cover concrete. If the 
heat from a fire penetrates sufficiently deep into a 
reinforced concrete component, it can cause weakening 
of conventional reinforcement and even pre-stressing 
tendons. 


Leaching 
Loss of Ca(OH)2 from hardened cement paste, increasing 
the porosity, reduces the alkalinity of the concrete and 
therefore may initiate the corrosion mechanism.  


Inadequate structural 
design 


Inadequate structural design may result in cracking 
and/or spalling in areas which are subject to the highest 
stresses. It can also include use of an incorrect mix design 
to suit the exposure conditions. 


Insufficient reinforcement 
cover 


Insufficient reinforced concrete cover impairs the ability 
of the concrete to provide protection from both physical 
and chemical deterioration, thus leading to corrosion of 
the steel reinforcement with subsequent cracking and 
spalling of the concrete. 


Poor Construction Practice 
Failure to follow specified procedures and good practice, 
or outright carelessness during construction may lead to 
defects in the concrete and a reduction in its durability.  


 
 
Once defined the list of CS, a dedicated risk analysis is performed in order to evaluate, 
for each identified HF, the Probability of Failure (PoF). PoF is usually expressed by the 
frequency of events occurring during a specific time. 
PoF shall be evaluated for each HF through the application of a quantitative or qualitative 
method, as discussed below: 
 


• Quantitative Assessment Method 
Quantitative method is the probabilistic approach where specific failure data are 
used to calculate PoF. When there is insufficient failure data on specific component, 
general data are used and by increasing or decreasing the predicted failure 
frequencies for the specific component, the modified values may be calculated. 
 


• Qualitative Assessment Method 
PoF is determined for each item in qualitative manner based on judgement of 
experienced personnel without any numerical analysis. Categories of different PoF 
might be defined as low, medium, high or with numerical descriptors.  


 
 
An example of PoF definition in qualitative analysis is shown in the table below. 
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Table 6 – Example of PoF definition in qualitative analysis 


PROBABILITY OF 
FAILURE  


(PoF) 


POSSIBLE QUALITATIVE 
RANK 


ANNUAL LIKELIHOOD OF 
FAILURE  


1 Very Low <0.0001 
2 Low 0.0001 to 0.001 
3 Moderate 0.001 to 0.01 
4 High 0.01 to 0.1 
5 Very High >0.1 


 
 
In case of missing or insufficient information for the score assignment, a PoF equal to 4 
is assumed. In this way, the absence of information is considered critical for the item 
under examination. 
 
STEP 5 - Combination between probability of failure and consequences 
 
By means of combination of the highest PoF among those evaluated for each HF 
(calculated through the damage and degradation factors in STEP 4) and severity of 
associated consequences (calculated in STEP 3), a Risk Score (RS) is evaluated for each 
CS (by definition, RS = PoF x SC).  The score varies from A to E, where A is the minimum 
value representing the best case (very low priority), while E is the maximum value 
representing the worst case (very high priority). 
 
The matrix for the determination of the RS is shown below.  
 


Figure 1 – Matrix for the determination of the RS  
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The process flow for RBI approach for onshore civil and coastal marine structures, can 
be summarized as follow: 
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Figure 2 –  RBI approach for onshore civil and coastal marine structures  
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3 INSPECTION PLANING, EXECUTION AND RESULTS EVALUATION 
 


3.1 PRIORITY LEVEL OF INSPECTION AND MAINTENANCE (PL) 
 
For each critical structural items (CS) investigated by means of the above scoring model 
method, the tailored priority for each related inspection and maintenance tasks might be 
assessed as indicated in the following table: 
 


RISK SCORE PRIORITY LEVEL OF INSPECTION AND MAINTENANCE 
(PL) 


E Very High 


D High  


C Moderate 


B Low 


A Very Low 


Table 7 – Priority for each related inspection and maintenance tasks 


 
 


3.2 INSPECTION INTERVALS 
 
With reference to onshore civil works, inspection intervals for ‘Auxiliary steel structures 
for equipment’ (Ref. item VII) and above ground portions of ‘Equipment foundations’ (Ref. 
item VIII) are at least the same of the related equipment. 


No specific indications are currently available for inspection frequency of ‘Buildings’, ‘Pipe 
racks’, ‘Open Basins’ and ‘Retaining walls’, ‘Trapezoidal or rectangular section channels’ 
and ‘Pits, basins, U/G chambers’ (Ref. item I to VI). In absence of specific requirements, 
it is assumed that periodic visual inspection of these items is performed with a 
minimum frequency of one year. 
 
With reference to coastal marine structures (Ref. item IX to XIV), inspection intervals are 
identified in accordance with the requirements of Company Standard 28909.ENG.CIV.PRG 
“Criteria for Planning of Inspections and Maintenance of Coastal Marine Facilities” (Ref. 
[5]). Different types of applicable inspections and methodologies to the coastal marine 
facilities are given in Company Standard 28922.ENG.CIV.STD “Inspection of Coastal 
Marine Facilities” (Ref. [6]). 
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