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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization. 

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www​.iso​.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www​.iso​.org/patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement. 

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www​.iso​
.org/iso/foreword​.html.

This document was prepared by Technical Committee ISO/TC  67, Materials, equipment and offshore 
structures for petroleum, petrochemical and natural gas industries, Subcommittee SC  2, Pipeline 
transportation systems.

A list of all parts in the ISO 19345 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www​.iso​.org/members​.html.
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Introduction

This document addresses the integrity of petroleum and natural gas pipelines through their entire 
life-cycle, from design to eventual abandonment. For this reason, considerations relating to design, 
construction and abandonment have been included. This approach supports the development and 
implementation of a holistic and integrated pipeline integrity management program that bridges 
between life-cycle elements and thereby avoids compartmentalizing of the pipeline life-cycle into 
essentially independent data and functional silos, which traditionally has been the case.

The integrated approach was developed on the basis of extensive research and examination of best 
practices and results from pipeline integrity audits world-wide. This document incorporates a 
combination of prescriptive and performance-based requirements. In some cases where there are 
prescription requirements, it provides the user the option to arrive at a solution using performance-
based requirements. However, the level of safety achieved by following the prescriptive requirements 
gives the minimum performance-based requirements. The ability to use performance-based solutions 
allows companies to use new equipment or innovative practices to achieve the same goal.

This document is intended to be used by companies that have not yet developed an official program or 
are developing a program for new pipelines. This document can also be used for continual improvement 
of existing programs by both operating companies and regulators to evaluate integrity management 
program effectiveness.

﻿
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Petroleum and natural gas industry — Pipeline 
transportation systems — Pipeline integrity management 
specification —

Part 1: 
Full-life cycle integrity management for onshore pipeline

1	 Scope

1.1	 This document specifies requirements and gives recommendations on the management of integrity 
of a pipeline system throughout its life cycle which includes design, construction, commissioning, 
operation, maintenance and abandonment.

1.2	 This document is applicable to onshore pipeline systems used in transportation in the petroleum 
and natural gas industries, connecting wells, production plants, process plants, refineries and storage 
facilities, including any section of a pipeline constructed within the boundaries of such facilities for 
connection purposes. The extent of pipeline systems covered by this document is illustrated in Figure 1. 
This document does not deal specifically with the integrity of non-pipe elements. The pipeline segment 
between the wellsite and the gathering station, treatment plant or process plant (between Facilities 1 
and 2 in Figure 1) is included in this document, though many mandatory elements of this document are 
not practical due to characteristics such as diameter, operating parameters, etc.

1.3	 This document applies to rigid, steel pipelines. It is not applicable for flexible pipelines or those 
constructed from other materials, such as glass-reinforced plastics.

1.4	 This document does not cover all conditions nor engineers’ competency which might be related to 
pipeline integrity. The user can evaluate whether additional requirements are necessary.

1.5	 This document is used for integrity management, which is initiated at the design and construction 
stage of the pipeline. Where requirements of a design and construction standard (e.g. ISO 13623) are 

INTERNATIONAL STANDARD� ISO 19345-1:2019(E)
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different, the provisions of this document will enhance the design and construction from an integrity 
perspective.

Key
1 wellsite 5 pump station 9 depot
2 gathering station, treatment 6 valve station 10 distribution
  plant or process plant 7 tankage 11 compressor station
3 liquid 8 refinery 12 pressure-reduction station
4 gas        

pipeline elements covered by this document
connections with other facilities
pipeline elements not covered by this document

station/plant area covered by this document

Figure 1 — Extent of pipeline systems covered by this document

﻿

2� © ISO 2019 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 19

34
5-1

:20
19

https://standardsiso.com/api/?name=877c8a92f099b621d4c87643fb540836


﻿

ISO 19345-1:2019(E)

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies. 

ISO 13623, Petroleum and natural gas industries — Pipeline transportation systems

ISO  15589-1, Petroleum, petrochemical and natural gas industries  — Cathodic protection of pipeline 
systems — Part 1: On-land pipelines

ISO 21809 (all parts), Petroleum and natural gas industries — External coatings for buried or submerged 
pipelines used in pipeline transportation systems

ISO 31000, Risk management — Guidelines

IEC 31010, Risk assessment techniques

3	 Terms, definitions and abbreviated terms

3.1	 Terms and definitions

For the purposes of this document, the following terms and definitions apply:

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https:​//www​.iso​.org/obp

—	 IEC Electropedia: available at http:​//www​.electropedia​.org/

3.1.1
abandonment
activities associated with taking a pipeline permanently out of operation

Note 1 to entry: An abandoned pipeline cannot be returned to operation.

Note 2 to entry: Depending on the legislation abandonment can require cover or removal.

3.1.2
anomaly
possible deviation from pipe material or weld soundness

Note 1 to entry: The identification of an indication of an anomaly can be generated by non-destructive inspection, 
such as in-line inspection.

3.1.3
baseline assessment
first integrity assessment prior to or after commission

3.1.4
cathodic protection
corrosion control technique to prevent or reduce the external corrosion of metal pipelines by 
transferring an electrical current onto the pipe to achieve increased negative electrical potentials

3.1.5
corrosion
deterioration of a material, usually a metal that results from an electrochemical reaction with its 
environment

﻿
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3.1.6
crack
planar flaw, or linear discontinuity, with a sharp tip radius

3.1.7
critical consequence area
location where a pipeline release might have a significant adverse effect on public safety, property and 
the environment

Note 1 to entry: The location and scope of critical consequence areas will change over time as new population 
and environmental resource data becomes available. The pipeline segments in CCAs are of particular interest in 
risk assessment and integrity assessment evaluations and prioritizations.

3.1.8
deactivation
removal of a pipeline from service though the pipeline might be returned to service after a proper 
assessment

Note 1 to entry: Also defined as decommissioning or suspension.

3.1.9
deformation
change in shape of the pipe or component, such as a bend, buckle, dent (3.1.11), ovality, ripple, wrinkle, 
or any other change that affects the roundness of the pipe or original cross-section or straightness of 
the pipe or component

3.1.10
defect
imperfection of a type or magnitude exceeding acceptable criteria

3.1.11
dent
depression which produces a disturbance in the curvature of the pipe wall, caused by contact with a 
foreign body resulting in plastic deformation of the pipe wall

3.1.12
design life
period for which the design basis is planned to remain valid

[SOURCE: ISO 13623:2017, 3.1.2]

3.1.13
external corrosion direct assessment
integrity assessment process used for locating possible external corrosion, damaged coating, or 
deficiencies in cathodic protection (3.1.4) on a pipeline by making aboveground measurements and 
validating with excavations to examine the pipe where appropriate

3.1.14
failure
event in which a component or system does not perform according to its operational requirements

3.1.15
fitness for purpose
quantitative engineering evaluation that is performed to demonstrate the structural integrity of an in-
service component that can contain an imperfection, defect (3.1.10) or damage

3.1.16
gouge
surface damage to a pipeline caused by contact with a foreign object that has scraped (gouged) material 
out of the pipe, resulting in a metal loss defect or imperfection

﻿
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3.1.17
hard spot
localized increase in hardness through the thickness of a pipe, produced during hot rolling or welding

3.1.18
incident
unintentional release of gas or liquid due to the failure (3.1.14) of a pipeline

Note 1 to entry: Some regulatory authorities define “incident” as an event occurring on a pipeline for which the 
operator is required to make a report to the concerned regulatory authority.

3.1.19
in-line inspection
inspection of a pipe wall from the interior of the pipe using specialized tools

3.1.20
integrity assessment
process that includes the inspection and testing of a pipeline in order to determine physical 
characteristics and assess its integrity condition by combination of an analysis of data, use of reliability 
assessment methodologies of the structure and an evaluation of the safety state of the pipeline

3.1.21
integrity management program
documented program that specifies the practices used by the operating company to proactively manage 
the safe, environmentally responsible and reliable service of a pipeline system throughout its lifecycle 
and which incorporates a continuous improvement process

3.1.22
life extension
additional period of time beyond the original design or service life (3.1.39) (but within the assessed 
remnant life) for which permission to continue operating a pipeline system is granted by the 
regulatory bodies

Note 1 to entry: Life extension is considered as a modification to the design basis.

[SOURCE: ISO/TS 12747:2011, 3.7]

3.1.23
location class
geographic area classified according to criteria based on population density and human activity

[SOURCE: ISO 13623:2017, 3.1.10]

3.1.24
magnetic flux leakage
type of in-line inspection technology in which a magnetic field is induced in the pipe wall between two 
poles of a magnet

Note 1  to entry: Anomalies affect the distribution of the magnetic flux in the wall. The magnetic flux leakage 
pattern is used to detect and characterize anomalies.

3.1.25
management of change
process that systematically recognizes and communicates to the necessary parties changes of a 
technical, physical, procedural, or organizational nature that can impact system integrity

3.1.26
manufacturing defect
defect (3.1.10) in the pipe body or coating created during the pipe or component manufacturing or 
coating processes
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3.1.27
maximum allowable operating pressure
maximum internal pressure at which a pipeline system, or parts thereof, is allowed to be operated

Note 1 to entry: The MAOP is established by the maximum pressure achieved during testing (see ISO 13623).

3.1.28
metal loss
pipe anomaly in which metal has been removed

Note  1  to  entry:  Metal loss is usually the result of corrosion, but gouging, manufacturing defects, erosion, or 
mechanical damage can also result in metal loss.

3.1.29
non-destructive testing
analysis techniques used to evaluate the properties of a material, component or system without 
causing damage

Note 1 to entry: “Non-destructive inspection” (NDI) and “non-destructive evaluation” (NDE) are also commonly 
used to describe this technology.

3.1.30
operator
person or organization who owns or operates a pipeline system or facilities and is ultimately responsible 
for the operation and integrity of the pipeline system

3.1.31
pipeline
components of a pipeline system connected together to convey fluids between stations and/or 
plants, including pipe, launchers and receivers, components, appurtenances, isolating valves, and 
sectionalising valves

3.1.32
pipeline integrity management
set of processes and procedures that proactively assures incident-free safe and environmentally 
responsible transportation of fluids through a pipeline system

3.1.33
pipeline integrity management program
continuous improvement closed-loop system using information technology to realize functions such as 
data acquisition and integration, integrity and risk assessment (3.1.36), mitigation and repair activity 
and maintenance decisions, with comprehensive management of change and continual review and 
improvement processes

3.1.34
pressure test
means of assessing the integrity of a new or existing pipeline that involves filling the pipeline with 
water and pressurizing to a level in excess of the MAOP of the pipeline to demonstrate that the pipeline 
is fit for service at the MAOP for a given time frame dependent on the identified integrity hazards

Note 1 to entry: See ISO 13623:2017, 6.7.

3.1.35
risk
measure of loss, either qualitative or quantifiable, in terms of both the likelihood of incident occurrence 
and the magnitude of the consequences of the incident occurrence

3.1.36
risk assessment
systematic, analytical process in which potential hazards from pipeline system are proactively 
identified, and the likelihood and consequences of potential adverse events are determined
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3.1.37
risk management
coordinated activities to direct and control an organization with regard to risk (3.1.35)

[SOURCE: ISO Guide 73:2009, 2.1]

3.1.38
safe operating pressure
pressure, calculated using the appropriate analysis and mathematical formulas for the specific type of 
defect identified

EXAMPLE	 For corrosion defects, using recognized remaining strength of corroded pipeline formulas, where 
all corroded regions will withstand a calculated safe operating pressure.

3.1.39
service life
length of time over which the pipeline system is intended to operate

[SOURCE: ISO/TS 12747:2011, 3.21]

Note 1 to entry: Service life is considered the actual operational life to date, but can include any planned future 
use of the line. Service life can be less or longer than design life.

3.1.40
sizing accuracy
accuracy with which an anomaly dimension or characteristic is reported

Note 1 to entry: Typically, accuracy is expressed by tolerance and certainty.

EXAMPLE	 Depth sizing accuracy for metal loss using NDT methods, such as an ILI tool, is commonly 
expressed as +/−10 % of the wall thickness (the tolerance) and 80 % of the time (the certainty).

3.1.41
third party damage
damage done to the pipeline as a result of activities by personnel not associated with the pipeline

3.1.42
threat
activity or condition than can adversely affect the pipeline system if not adequately controlled

[SOURCE: ISO/TS 12747:2011, 3.23]

3.2	 Abbreviated terms

AC alternating current

CP cathodic protection

CCA critical consequence area

CoF consequence of failure

DA direct assessment

ECDA external corrosion direct assessment

GIS geographic information system

HIC hydrogen-induced cracking

ICDA internal corrosion direct assessment

﻿

© ISO 2019 – All rights reserved� 7

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 19

34
5-1

:20
19

https://standardsiso.com/api/?name=877c8a92f099b621d4c87643fb540836


﻿

ISO 19345-1:2019(E)

ILI in-line inspection

IMP integrity management program

MAOP maximum allowable operating pressure

MFL magnetic flux leakage

NDT non-destructive testing

PIR potential impact radius

PoF probability of failure

SCADA supervisory control and data acquisition system

SCC stress corrosion cracking

SCCDA stress corrosion cracking direct assessment

SMYS specified minimum yield strength

SSC sulphide-stress cracking

4	 General

4.1	 Key principles

The operator uses integrity management programs (IMPs) to enable it to manage its pipeline systems 
in a safe, environmentally responsible and reliable manner. An effective IMP anticipates and mitigates 
or eliminates integrity issues before they lead to incidents or failures.

Key principles for an effective IMP are listed below.

a)	 Pipeline integrity requires a lifecycle approach from initial feasibility studies to abandonment.

b)	 Adequate resources in terms of funds, equipment and competent personnel to implement the 
requirements of the IMP are necessary.

c)	 Clearly defined roles and responsibilities with clear communication processes are necessary.

d)	 Document management including gathering and retention requirements are critical elements that 
enable informed decisions.

e)	 Performance measures of the IMP’s effectiveness should include both leading and lagging indicators 
to identify trends and areas for continuous improvement.

f)	 An effective IMP uses risk-based decisions to prioritize integrity-related actives.

4.2	 Integrity management program

4.2.1	 General

The IMP forms part of a comprehensive asset management system operating alongside safety and 
environmental programs. The operator shall establish, implement and maintain a documented IMP and 
routinely review and improve its adequacy.

To facilitate the development and implementation of the initial IMP for pipeline systems, the operator 
shall develop processes for initial data acquisition, threat and consequence identification and risk 
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assessment at the design stage. The initial IMP will be updated and improved throughout the lifecycle 
of the assets.

4.2.2	 Introduction to integrity management program elements

The pipeline IMP shall address the operator’s approach to the following elements, see Figure 2.

a)	 Life cycle phases for integrity management

Integrity shall be applied through the entire life cycle of pipeline, including:

1)	 feasibility;

2)	 design;

3)	 procurement;

4)	 fabrication;

5)	 transportation and storage;

6)	 construction;

7)	 pre-commissioning and commissioning;

8)	 handover;

9)	 operation and maintenance;

10)	 modification;

11)	 suspension/abandonment.

b)	 Pipeline integrity management process

As part of the continuous improvement process, the inputs into these elements shall be routinely 
updated, as required, to reflect the dynamic nature of pipeline systems:

1)	 data management (data acquisition, review and integration);

2)	 risk assessment (threat, consequence, probability, CCA);

3)	 inspection;

4)	 integrity assessment;

5)	 mitigation activity;

6)	 performance measurement and improvement.

NOTE 1	 Understanding the pipeline’s integrity and threats in the context of the surrounding 
environment is key to making informed integrity management decisions.

NOTE 2	 Performance measurement can verify that the goals, targets and objectives of the integrity 
program are being met and can be used during management reviews to identify improvement 
opportunities.

The following elements shall be developed for the operational phase to ensure that adequate 
management practices are in place to assess failures and manage and respond to emergencies:

—	 failure assessment plan;

—	 emergency response plan;

—	 remaining life assessment plan.
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NOTE 3	 The failure assessment plan considers failure causes and contributing factors and provides 
critical information to the IMP. The goal is to prevent recurrence of similar failures.

NOTE 4	 The emergency response plan is designed to ensure the operator is prepared to deal with 
accidents and incidents in a timely manner to aid in the reduction of consequences. These accidents or 
incidents can occur because the IMP did not foresee or was unable to effectively mitigate the threat. 
Emergency response plans also include contingency repair plans and procedures.

NOTE 5	 The remaining life assessment provides input into the economic viability assessment of the 
pipeline. As the pipeline ages, the operational risks and mitigation costs increase until continuing the 
operation is no longer viable.

c)	 Management elements

The following elements shall form part of an IMP and might be written to encompass more than 
one pipeline or system. These elements usually interact with other management systems within an 
organization:

1)	 policy and commitment;

2)	 scope of the IMP;

3)	 organizational structure including key roles and responsibilities.

The following mandatory elements predominately deal with information flow, providing the core 
of the data system providing information for assessment and review. They are usually presented as 
plans with procedures:

—	 communication;

—	 records and documents management;

—	 management of change;

—	 management review and audit;

—	 training and skills.
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Figure 2 — Pipeline integrity management program structure

4.3	 Integrity management process elements

4.3.1	 Data management

The first step in evaluating the potential threats for a pipeline system or segment is to define and 
gather the necessary data and information that characterize the segments and the potential threats 
to that segment. A plan for collection of historical data shall be established and maintained for the 
pipeline system lifecycle. The operator shall perform the initial collection, review and integration of 
relevant data and information from pipeline design, construction, operation, maintenance, inspection, 
monitoring and failure investigation data. Data acquisition is needed to understand the condition of the 
pipe, identify the location-specific threats to its integrity and understand the public, environmental 
and operational consequences of an incident.

4.3.2	 Risk assessment

Risk analysis is an analytical process through which the operator considers the likelihood of the threats 
occurring and the nature and severity of the resulting consequences.

Risk assessment shall be performed for all scenarios including low consequence—high likelihood and 
critical consequence—low likelihood events. Every plausible failure mode shall be listed and assigned 
probability and consequence values. Where multiple consequences occur from a single failure mode, 
multiple assessments are required.
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The operator shall consider all the threats and any interactive threats that can be applicable to its 
system. It can be appropriate to consider risks in pipeline segments where the consequence of failure is 
particularly high and where explicit integrity management measures have to be implemented.

Completed risk assessment shall be reviewed at regular intervals and when substantial changes occur 
to the pipeline. The assumptions and variables used in the risk assessment shall be validated and 
updated, where applicable as part of the review.

4.3.3	 Inspection and monitoring

The operator shall select and conduct appropriate inspection and monitoring based on the risk 
assessment made in the previous step, typically including in-line inspection, pressure testing, direct 
assessment or other inspection and monitoring methods based upon the threats that have been 
identified. More than one inspection or monitoring method can be required to address all the threats to 
a pipeline segment.

4.3.4	 Integrity assessment

Integrity assessment will implement the following hierarchy of controls:

—	 elimination;

—	 physical controls;

—	 procedural controls.

Where risks cannot be sufficiently controlled, mitigation activities shall be implemented until the risk 
is considered satisfactory.

The process of establishing and implementing effective preventive and mitigation measures requires 
suitable data collection, data integration and informational analysis within the IMP. Data integration 
and the analysis can identify aspects of the operator’s operations and maintenance that allow the 
operator to address the threats. Most importantly, local knowledge of the operational environment 
around the pipeline and the incident history associated with certain components or circumstances 
should be considered.

4.3.5	 Mitigation activity

Where a threat cannot be controlled, the operator shall develop appropriate actions to mitigate the 
threat to an acceptable level of risk.

The results of mitigation assessments shall be used to determine what additional prevention or 
mitigation measures are required to reduce unacceptable risks identified in the assessment. Prevention 
and mitigation activities should be applied to reduce the likelihood of failure and/or the consequence 
of the failure to an acceptable level. Preventative measures typically involve activities to reduce the 
likelihood of an event.

The operator shall perform mitigation activities to ensure the pipeline system remains safe for its 
intended service. Where applicable, these mitigation activities shall provide a factor of safety that is 
notionally similar to the design factor of safety [e.g. achieved through an applicable hydrostatic strength 
(proof) test of the pipeline]. This notional equivalent design factor of safety shall be maintained 
throughout the life of the pipeline. The mitigation activities can include activities such as increased 
surveillance and pressure reductions.

4.3.6	 Performance measurement and improvement

The operator shall develop procedures to regularly measure and evaluate the adequacy of 
implementation and effectiveness of IMP and its conformity to relevant standards.
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The operator shall also evaluate the effectiveness of its other related management programs and 
processes in supporting integrity management decisions.

A combination of performance measures and system audits can be necessary to evaluate the overall 
effectiveness of a pipeline integrity system.

Performance measurement results shall be used to continuously identify areas for improvement of the 
IMP. In addition, advances in technology and industry best practices shall be considered.

4.3.7	 Emergency response plan

Plans and response procedures for emergency situations shall be established and maintained based on a 
systematic evaluation of possible scenarios that can affect the safe and reliable operation of the pipeline 
system. Plans and procedures for contingency repair of the pipeline shall be established depending 
on the criticality of the pipeline system, based on factors such as safety, environmental, legislative or 
commercial considerations.

4.3.8	 Failure management plan

The operator shall develop procedures for pipeline failure investigation to ensure that a structured 
approach is adopted and all aspects of a failure are reviewed. The failure investigation shall aim to 
determine the root cause and contributing factor of a pipeline failure and recommend corrective 
actions to prevent similar failures. This can include a targeted risk management program for causes 
that are not isolated. The operator shall setup a database to record relevant pipeline failure information 
to support failure management.

4.3.9	 Remaining life assessment

The operator shall develop a remaining life assessment for all pipeline segments and systems and apply 
updates as new integrity information is gathered, e.g. ILI, or when the operational parameters change 
(e.g. pressure or temperature). The remaining life assessment shall be reviewed at regular intervals, 
such as at the end of the design life, after pipeline failures, or when changes in key operating design 
parameters occur.

The remaining life assessment will be used to enable lifecycle management processes to balance the 
risks of ongoing operation with safety and protection of the environment and associated costs of 
operations and management.

4.4	 Management elements

4.4.1	 Policy and commitment

The operator shall have a policy that expresses management commitment for developing, implementing, 
reviewing and continuous improvement of a pipeline IMP. The operator shall instruct personnel to meet 
its requirements.

4.4.2	 Scope of integrity management program

The operator shall determine the scope of the IMP, including identifying the applicable pipeline systems 
and the goal and objectives of the IMP for the identified pipeline system.

The operator shall maintain a documented IMP that addresses the management of the pipeline integrity 
and specific treatment for all unacceptable risk.
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4.4.3	 Organization structure, roles and responsibilities

The operator shall have a clearly defined organizational structure to implement the IMP. Pipeline 
integrity management shall be carried out by personnel with clearly defined roles, responsibilities, 
authority and accountability in implementing and reviewing the IMP.

Where applicable, the organizational structure shall identify the linkages to other related management 
system programs, such as the safety and environmental programs.

The organizational structure should also take into account both upstream and downstream system 
inputs/outputs to ensure no changes in one system can have a negative effect on an adjacent system not 
within the control of the operator

4.4.4	 Records and documents management plan

The IMP shall be documented and effectively updated. Program items to be documented shall include 
the following:

—	 documents and records needed by the operator to ensure the effective operation and control of its 
processes;

—	 statements of integrity management policy and objectives;

—	 procedures required by the implementation of integrity management.

A records and documents management plan shall be developed to facilitate the storing and retrieving 
of records and documents in a timely manner. The plan shall include means to confirm accuracy and 
quality of inputs.

4.4.5	 Communication plan

A plan for reporting and communication to all stakeholders, including but not limited to employees, 
management, authorities, customers, the public, local officials and responders, shall be established and 
maintained.

4.4.6	 Management of change plan

A systematic process shall be used to ensure that, prior to implementation, changes to the pipeline 
system product being shipped, design, operation or maintenance are documented and evaluated for 
their potential risk impacts and to ensure that changes are documented and evaluated.

4.4.7	 Management review and audit plan

Management review and audit of the pipeline integrity management program shall be conducted 
at regular intervals to determine the adequacy, implementation and effectiveness of the integrity 
program. The focus of management reviews and audits shall be on evaluating the following:

—	 effectiveness and adequacy of the IMP to meet its stated goals and targets;

—	 implementation of the IMP;

—	 conformity to regulatory and operator’s requirements;

—	 identification of corrective actions for continual improvement.

4.4.8	 Training and competency plan

The IMP shall establish clear competency requirements for all roles involved in pipeline integrity 
management including operators, contractors, engineers and other persons using this document.
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Training needs shall be identified and training shall be provided for relevant personnel in relation to 
management of pipeline integrity.

5	 Integrity management for the pipeline lifecycle phases

5.1	 General

5.1.1	 Objectives

Pipeline system design (including material procurement and selection) and construction (including 
installation testing and commissioning) along with operations and maintenance activities have an 
impact on pipeline integrity.

Although these activities would follow recognized standards, it is important to realize that conformity 
to a minimum standard might not identify potential long-term integrity issues. Therefore, it is important 
to review pipeline risks at handover from each pipeline phase and throughout the integrity lifecycle.

Designers, procurers, constructors, operators and maintenance personnel and integrity management 
practitioners shall be aware of 5.3 that highlights the interrelation between the pipeline lifecycle 
phases (which entails includes components such as design, procurement, fabrication, construction, 
commissioning, operation and maintenance) and integrity. 5.3 identifies areas where changes in each of 
the pipeline lifecycle phases could be needed to aid in long term integrity management.

5.1.2	 Principles

The following high-level principles shall be considered during each of the pipeline lifecycle phases.

a)	 Risk-based approaches to integrity management shall be applied. Clause 6 provides guidance on 
risk assessment methodologies.

b)	 Functional requirements for integrity management shall be incorporated into each lifecycle phase.

c)	 The concepts and requirements of IMP shall be regarded as the basis for long term asset 
management.

d)	 Any deviations shall be reviewed to evaluate impacts on integrity.

e)	 Pipeline segments shall be designed according to ISO 13623, or a similar standard, to accommodate 
ILI tools. Where ILI accommodation is not practical, e.g. short service life, short connections or off-
takes, the operator shall identify an appropriate alternative integrity assessment method.

f)	 Data is regarded as the foundation of a pipeline integrity management and the operator shall have a 
comprehensive plan for collecting, managing, retrieving and analysing all data sets.

5.2	 Key lifecycle integrity processes

Integrity assessment is an ongoing process that utilizes data from the various pipeline lifecycle phases 
to enable the operator to determine the integrity or soundness of the pipeline for its continued operation 
or design purpose.

The integrity assessment process for new pipelines utilizes construction inspection data and for 
operating pipelines utilizes data from pipeline condition monitoring activities, such as ground 
movement monitoring, ILI, DA and pressure test to identify threats. After all the threats are identified, 
they are evaluated and characterized, in some cases by excavating and in-situ measurements. The 
potential consequence and likelihood of identified threats are further evaluated using the appropriate 
method to determine fitness for purpose that includes a notional factor of safety. The operator shall 
determine the appropriate integrity assessment methods based on the threat and the capabilities and 
limitations of the integrity assessment method.
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An integrity assessment can be conducted to evaluate the risk and the interval for the next integrity 
assessment shall be determined based on the findings.

For pipelines already in operation, an integrity assessment shall be completed within 3 years if no 
previous integrity assessment has been performed.

5.3	 Lifecycle phases for integrity management

5.3.1	 General

Integrity management occurs throughout the whole lifecycle of an asset from the initial feasibility 
studies through to abandonment and heavily influences the design considerations and the ongoing 
maintenance/management techniques.

All threats to the integrity of the asset shall be identified and controlled throughout the lifecycle; 
therefore, the elimination of the threats by improvements in design can provide a significant advantage 
to the on-going safe and reliable operations of the pipeline.

Each of the lifecycle phases has opportunities to mitigate or control integrity threats and each life cycle 
phase shall be adequately designed and controlled to optimize the integrity oversight.

The personnel responsible for each lifecycle phase should be familiar with basic pipeline integrity 
issues and concepts. In addition, a process shall be developed where the pipeline integrity subject 
matter experts will review each lifecycle phase to determine if there are potential pipeline integrity 
issues that need resolution.

5.3.2	 Feasibility

5.3.2.1	 Objectives

At the feasibility phase of the integrity management lifecycle, the key integrity risks are associated 
with the physical attributes of the route. Proactive avoidance of threats is a critical design objective 
and action at this phase in the lifecycle can provide significant benefits during construction. This could 
reduce the level of future mitigation being applied throughout the pipeline lifecycle, leading to improved 
reliability and reduced operating cost.

5.3.2.2	 Principles

At this phase in pipeline development, the basic route selection is often a straight line between supply 
and delivery points. Modifying the route would typically increase the overall pipeline length but 
reduced operation and maintenance costs can warrant the increased construction cost.

Optimized routing can take into account many of the key potential threats by avoiding obvious 
difficulties during construction. Improved routing to avoid geographic features such as mountainous 
terrains, permafrost, major rivers, flood plains and swamp zones can provide significant construction 
improvements. Other considerations at this phase include access to the pipeline for pressure test 
activities and pipeline drying. In addition areas of critical consequences associated with safety of the 
public or damage to the environment would be avoided.

Realistic route selection at this phase will improve the cost estimates for the proposal, enabling more 
realistic evaluation of the project costs.

5.3.3	 Design

5.3.3.1	 Objectives

At the design phase, all of the integrity threats that the pipeline system will be exposed to during its 
lifetime are anticipated. The operator shall also anticipate future land use activities and encroachment 

﻿

16� © ISO 2019 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 19

34
5-1

:20
19

https://standardsiso.com/api/?name=877c8a92f099b621d4c87643fb540836


﻿

ISO 19345-1:2019(E)

that can lead to elevated consequences and a change in the original risk profile or have a direct impact 
on pipeline integrity, due to third party damage. In addition, the pipeline designer should consider 
designing the pipeline to enable condition monitoring of the pipe wall using applicable inspection 
technologies such as ILI.

5.3.3.2	 Principles

At the design stage, CCAs analysis shall be implemented using the methods stated in 6.6.2 or other 
equivalent methods. Routing selection shall be optimized to avoid CCAs where practical. Where 
rerouting is not feasible, mitigation measures shall be adopted.

To confirm that suitable physical and procedural protective methods have been implemented, 
pipeline segments, especially CCAs, shall be validated including consideration of future changes to the 
environment, e.g. future urban growth, rezoning.

Where special construction methods or processes are utilized, they shall be assessed to determine any 
impact on future integrity and necessary mitigation that might be required.

5.3.4	 Procurement

5.3.4.1	 Objectives

At the procurement phase of the integrity management lifecycle, the key integrity risks are associated 
with meeting the quality and functionality of the materials detailed by the designer. Proactive avoidance 
of inappropriate or defective material at this phase in the lifecycle can reduce the risks associated with 
failure during testing and operation.

In the operating phase, poor procurement decisions can lead to substandard equipment reducing 
functionality or safety and can be significant to the economic performance of the assets.

5.3.4.2	 Principles

At this phase in the lifecycle, the quality of the final asset can be directly related to the material supplied. 
During design, specific materials will have been selected for the required operation envelope and might 
have been specified to deal with the risk from identified threats. Failure to obtain the desired material 
quality during procurement could lead to substandard materials being installed which could introduce 
integrity threats to the pipeline. .Data management during procurement is essential to facilitate 
verification of the material received and its source and specification to ensure they meet the design 
specifications. These records shall be maintained throughout the life of the asset.

5.3.5	 Fabrication

5.3.5.1	 Objectives

At the fabrication phase of the integrity management lifecycle, the key integrity risks are associated 
with poor quality in the fabrication processes and not meeting design specifications.

5.3.5.2	 Principles

At this phase in the lifecycle, the quality of the final asset can directly relate to the fabricated items and 
its dimensional tolerances. Where fabricated items are incorrectly built, this could lead to long term 
operational and integrity threats.
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5.3.6	 Transportation and storage

5.3.6.1	 Objectives

At the transportation and storage phase of the integrity management lifecycle, the key integrity risks 
are associated with pipeline components suffering damage and no longer being suitable for construction 
or fit for purpose.

5.3.6.2	 Principles

At this phase in the lifecycle, the quality of the final asset can be directly impacted by the transportation 
and storage of each of the pipeline system components such as pipe, coating and fittings. Care is required 
during handling and storage techniques shall be suitable for the items being handled to ensure that they 
do not sustain impact and are correctly stored to protect against environmental damage. Appropriate 
handling techniques shall be designed specified and used with correctly designed storage facilities.

Any delays that can impact pipeline integrity during transportation and storage shall be reviewed and 
their potential impact on the pipeline materials assessed and mitigated.

5.3.7	 Integrity during construction

5.3.7.1	 Objectives

At the construction phase of the integrity management lifecycle, the key integrity risks are associated 
with failing to build the asset to the specification laid down by the designer.

5.3.7.2	 Principles

At this phase in the lifecycle, the quality control of the construction works and records management 
are the key aspects for management activities. Failing to build the asset to the design specifications 
and standards for valid reasons shall be managed and assessed on a case-by-case basis. Construction 
re-work and even the repair of major defects developed during construction can significantly increase 
both the time line and costs for construction.

In all cases, management of change will be required to confirm the suitability of any design changes 
and can require adjustment to the arrangements for ongoing integrity and reliability. Risk assessments 
shall be carried out to identify any necessary mitigation adjustments to the IMP.

As-built documentation shall reflect the exact details of the final build to ensure that integrity issues in 
future years can be investigated without requiring excavation/inspection.

In the event of any change in the route during the construction phase, CCAs shall be re-identified and 
re-assessed for the design optimization. Relevant information shall be updated from time to time in the 
event of any change to pipeline segmentation identified during the construction phase.

5.3.8	 Pre-commissioning and commissioning

5.3.8.1	 Objectives

At the pre-commissioning and commissioning phases of the integrity management lifecycle, the key 
integrity risks are associated with failing to design and implement appropriate procedures during the 
pressure test which might lead to insufficient testing or in an extreme case damage to the pipeline and/
or its coating from excessive strain. Additional integrity issues might arise from incomplete cleaning, 
drying, purging, or preservation prior to start-up.
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5.3.8.2	 Principles

The pre-commissioning and commissioning phases require an appropriate checking and proving 
procedure. Significant damage can be caused to the asset from incorrect testing and the personnel shall 
be aware and conform to the detailed requirements.

Pressure testing has the potential to impact safety and the environment, therefore a pressure testing 
plan shall be developed and a risk assessment shall be completed. During testing all pipeline sections 
will undergo strain to different extents and a testing procedure shall be developed to ensure that lower 
lying sections of pipe (where hydraulic weight adds to the strain being applied) do not fail. The risk 
assessment shall examine the potential consequences associated with a pressure test such as worker 
safety and failures. In addition, contingency plans shall be put into place in the event of a pipeline failure 
during the pressure testing.

Gauging is an important check to verify the geometric condition of the pipeline. It can be used to detect 
dents and other deformations in pipeline.

Data records and retention of the records of the pressure testing are critical requirements that 
demonstrate initial safety of the pipeline and provides a degree of ongoing proof of ongoing safety, 
particularly where future changes to operating pressure are being considered and pipeline defects are 
being assessed.

Following pressure test, the pipeline shall be protected from all threats regardless of whether it has 
been fully pressurised. Surveillance and lands processes shall commence.

5.3.9	 Handover — Preparation for operation

5.3.9.1	 Objectives

At the handover phase of the integrity management lifecycle, the pipeline systems are implemented to 
ensure that key integrity threat mitigation is adequate and records are retained.

5.3.9.2	 Principles

Operation personnel and integrity management practitioners shall be informed of any mitigation 
aspects built into the design of the pipeline including the interrelation between any particular integrity 
aspects built into the operational activities and the resultant integrity control.

The following principles shall be considered.

—	 All data collected from the design, fabrication, construction and commissioning phase shall be 
gathered, maintained and updated throughout the life of the pipeline. The constructor shall provide 
full design, construction and “as-built” documentation in a format to suit the operator.

—	 Construction design requirements to ensure pipeline integrity shall be incorporated into the 
pipeline operating procedures and shall be maintained.

—	 At this phase the operator shall review all records for completeness and data quality and shall 
ensure the necessary records are preserved for the life of the asset. Storage methods shall utilize 
electronic systems where possible, while taking into consideration the impact of future changes to 
computer operating systems and programs.

—	 All inspection data (visual, NDT and ILI) obtained during the construction and testing phases 
shall be evaluated in a baseline assessment. Imperfections that are acceptable based on relevant 
construction specifications and standards, shall be evaluated to determine their suitability for long 
term operations. The baseline assessment data is one of the inputs used in the IMP once the pipeline 
system placed into operation.

—	 Designed threat mitigation shall be reviewed to ensure that the pipeline risks have been adequately 
considered and all necessary threat mitigation implemented. Assumptions regarding pipeline 
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segments within the critical consequence areas shall be validated and confirmed prior to the 
commissioning stage. If changes or variances are identified, the risk assessment and treatment of 
the CCA shall be updated and this might include commissioning plans that consider CCAs and safety 
during the commissioning phase.

—	 The operator shall review/determine the planned maintenance requirements for new pipeline 
assets and schedule the maintenance into a documented maintenance system.

—	 Where GIS is being used, the data shall be uploaded within a suitable timeframe to enable integrity 
management practices to commence.

5.3.10	 Operation and maintenance

5.3.10.1	 Objectives

Pipeline system operation and maintenance activities can directly impact pipeline integrity. Thus, all 
activities executed on or in the vicinity of a pipeline, either by third party companies or the operator 
itself, shall be adequately designed and controlled throughout the operational phase to ensure that 
integrity is not compromised.

Integrity management during operation shall primarily be pro-active to prevent damage and failure 
incidents. The operator shall put in place an adequate organization to gather all relevant changes 
from the original data used for the first integrity assessment. Potential issues shall be identified 
to enable consideration of any necessary mitigation activities for every risk and threat during the 
operational period.

5.3.10.2	 Principles

The following principles shall be considered for pipeline operation and maintenance.

—	 The operator shall be adequately resourced to monitor operational conditions to detect and assess 
any relevant changes impacting integrity on an ongoing process.

—	 Relevant changes in operation (pressure cycles, etc.) shall be assessed to identify any specific 
integrity threats.

—	 The impact of any deviation from operating procedures shall be recorded and assessed to identify 
any immediate or long-term implications to pipeline integrity.

—	 The operator shall collect sufficient data to perform threat analysis, consequence analysis and risk 
assessments. Implementation of the IMP will drive the collection and prioritization of additional 
data elements required to more fully understand and prevent/mitigate pipeline threats.

—	 Any threats to integrity and issues identified during operation shall be recorded and used to 
consider whether additional mitigation activities are required.

—	 Any change to the operating environment of the pipeline including land use shall be assessed and 
mitigated as necessary.

—	 Any incident during the operational period shall be recorded and mitigation against further 
instances shall be considered and implemented as necessary.

—	 The performance/efficiency of the IMP shall be reviewed periodically using key performance 
indicators (KPIs).
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5.3.11	 Modifications during operation

5.3.11.1	 Objectives

During operation, pipelines might be modified for various reasons, such as lowering the pipe to 
accommodate roads, raising the pipe to allow for drainage works, adding branches, etc. These 
modifications might employ different processes design specification and standards from the original 
design. For example, the modifications can use different material grades and thickness, construction 
and joining techniques and coating. Modifications also include changes to the original design basis 
or production or operating parameters such as production fluid, flow rate, pressure, or temperature. 
These modifications shall be evaluated and shall be managed, relevant to integrity, in accordance with 
procedures applied to a new construction.

5.3.11.2	 Principles

Modified pipelines shall be designed appropriately utilizing similar processes used for a new pipeline 
to ensure that any adverse change to threat levels are eliminated or avoided where possible. New or 
changed threats and/or consequences shall be documented and mitigated.

Pipeline as-built drawings and abandonment details shall be stored and maintained in association with 
the original records and all existing drawings and drawing systems updated as necessary.

5.3.12	 Abandonment

5.3.12.1	 Objectives

When a pipe is abandoned in place and not removed, the abandoned sections shall be appropriately 
decommissioned such that they are left in a condition that is safe for the public and the environment.

5.3.12.2	 Principles

When a pipe is abandoned in place and not removed, the following shall be considered:

—	 internal grouting, such as sand slurry;

—	 sectioning with concrete (or similar) to avoid internal water filling tunnelling and transfer along 
the asset;

—	 assessing the surface impact of pipe wall collapse;

—	 positive isolation and disconnection from existing operating assets;

—	 retaining CP on the asset;

—	 maintaining signage.

6	 Risk assessment

6.1	 Definition of objectives and requirements

6.1.1	 General

Risk assessment shall be applied throughout the entire pipeline lifecycle to identify and quantify risk 
to enable identification and prioritization of mitigation activities. There are several approaches to 
pipeline risk assessment that range from a qualitative to a quantitative risk approach. The operator can 
choose any model that supports its objectives and meets regulatory requirements, while still meeting a 
minimum level of technical justification. The approach should be selected according to data sufficiency 
and objectives of the assessment. Annex A shows an example of a semi-quantitative approach.
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The outcome of a risk assessment should be presented in terms of likelihood and consequence, the 
categories for which shall be defined in quantitative terms where possible. An example of likelihood 
and consequence is shown in a risk matrix in Annex B.

If the pipeline system information is insufficient or very limited, conservative assumptions on the 
system conditions shall be taken into account.

6.1.2	 Objective

The objectives of a risk assessment for an IMP should include:

a)	 identification of the threats to pipeline integrity;

b)	 determination of the probability (likelihood) of failure (PoF) for each plausible threat;

c)	 determination of the consequence of failure (CoF) for each plausible threat;

d)	 determination of the risk represented by PoF and CoF;

e)	 prioritization of segments of a pipeline system in the order of risk level (risk register);

f)	 risk reduction through mitigation (see Clause 9).

A typical risk assessment process follows the flowchart in Figure 3.

Figure 3 — Risk assessment process

6.1.3	 Requirements

The risk assessment approach shall conform to ISO  31000 and IEC  31010 and should consider the 
following parameters.

a)	 Assessment parameters – The risk assessment defines ‘failure’ and produces verifiable estimates of 
failure potential. The probability of failure is the likelihood of the full failure potential occurring, 
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not just that of an event occurring. Therefore, the risk assessment produces related measures of 
probability of failure and potential consequence.

b)	 Integrate pipeline knowledge – All plausible failure modes and mechanisms are to be included 
in the assessment of the probability of failure. The risk assessment integrates all available risk 
knowledge from each of the lifecycle phases, but especially lessons learned from operation and 
maintenance and any issues discussed and/or resolved under management of change.

c)	 Quantify data uncertainty – It is important to know the level of uncertainty of all input parameters. 
It is acceptable to use data with high uncertainty; however the risk assessment methodology should 
mitigate this uncertainty and show its effect on the final risk results. Black-box models should be 
avoided where possible to ensure a good understanding of the mechanism behind the results.

d)	 Fully characterize consequences of failure – The risk assessment identifies and acknowledges the 
full range of plausible failure scenarios. The consequences of all scenarios, no matter how unlikely, 
should be quantified. Any interaction or overlap of threats should be taken into account.

e)	 Produce risk profiles – The risk assessment shall produce a continuous profile of risk levels along 
the pipeline. The risk assessment might segment the pipeline where risks are essentially the same 
to provide a simplified review of the pipeline profiles.

f)	 Control the bias – The risk assessment shall generate transparent results. The assessment shall be 
free of inappropriate bias that might lead to incorrect conclusions.

g)	 Appropriate aggregation – Summaries of the risks presented by multiple segments is desirable. 
Guidance of segmentation can be found in 6.3. Aggregation of risk shall be utilized to avoid simple 
statistics that can mask the real risks presented by the segments.

6.2	 Team definition

Risk assessments shall be carried out by a group that includes competent and experienced 
representatives of those responsible for operating, maintaining and managing the pipeline system. They 
shall have adequate knowledge of the system to be able to determine accurate PoF and CoF and to be 
able to define practicable mitigation measures. It is important to involve those who will be responsible 
for the various disciplines during operations, (or alternatively the relevant technical authorities), in the 
design risk assessment cycle to ensure that they agree with the assessment of risk and the practicality 
and effectiveness of proposed operational mitigations.

6.3	 Segmentation

The segmentation of a pipeline allows for a clear understanding of the presence of threats in order to 
identify the likely damage processes and to establish the most likely consequence scenarios.

The pipeline system shall be divided into segments based on pipeline characteristics and the 
characteristics of the area through which the pipeline passes. The choice of segments shall be such that 
PoF and CoF can be considered to be uniform within each segment.

Along the length of each segment, the following items shall be uniform, e.g.:

a)	 pipeline properties, e.g. diameter, wall thickness, coating type;

b)	 threats;

c)	 most likely consequence scenario, e.g., population density and environmentally sensitive areas.

An example of segmentation for a pipeline system is shown in Figure 4.
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Key
A diameter    
B wall thickness    
C coating type    
D population    
E pipeline segment    
1 to 8 pipeline segment No.    

Figure 4 — Example of pipeline segmentation

6.4	 Threat identification

Threats to the integrity of the pipeline shall be regularly identified throughout the service life of the 
pipeline. In addition, threats shall be determined based on an analysis performed at each lifecycle phase. 
Identification of potential or known threats for each lifecycle phase can be based on data obtained 
through a pipeline lifecycle quality assurance process that utilizes quality control data such as design 
and data reviews and inspections conducted throughout the lifecycle. In addition, potential or known 
threats can be identified based on an analysis of industry-wide pipeline failure history and operation 
of similar pipeline systems. Processes such as hazard identification (HAZID) study and failure tree 
analysis (FTA) can also be used as an input to the threat identification.

The following list illustrates typical pipeline lifecycle phases:

a)	 feasibility;

b)	 design;

c)	 procurement;

d)	 fabrication;

e)	 transportation and storage;

f)	 construction;

g)	 pre-commissioning and commissioning;

h)	 handover;

i)	 operation and maintenance;
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j)	 modifications;

k)	 decommissioning/suspension/abandonment.

Table C.1 in Annex C provides an example of threat categorization and associated causes of occurrence 
during each phase of the pipeline lifecycle.

6.5	 Probability of failure assessment

The PoF shall be estimated for all plausible threats identified for each segment. If more than one failure 
mode is plausible for a given threat, the PoF shall be estimated for each failure mode.

The PoF can be estimated using industry-wide or company failure statistics, or by using a probabilistic 
analysis. The effects of existing mitigation measures shall be taken into account in the estimation of 
the PoF.

Where historical data are used for frequency analysis or for validation of frequency analysis conducted 
by other methods, the suitability of the data and its compatibility with the characteristics of the pipeline 
system being analyzed shall be considered.

In assessing the threat, the mechanism of the threat shall be considered. For example, the threat of 
“corrosion” can result from localized pitting or from uniform metal loss over a large area. Both will lead 
to different failure modes.

Interaction of threats and of the associated damage mechanisms shall be considered and taken into 
account in the PoF assessment.

The PoF can be expressed qualitatively or quantitatively. It can be expressed quantitatively on a 
collective basis (e.g. failures per year) or on a linear basis (e.g. failures per kilometre-year).

6.6	 Consequence of failure assessment

6.6.1	 Consequence assessment

The consequence of failure can be expressed in categories such as:

—	 impact on people (population density type of buildings, encroachment, etc.);

—	 impact on the environment (water bodies, environmentally sensitive area, etc.);

—	 impact on business (deferred production, reputation, societal effects, operations, repair, etc.).

The consequence assessment for each category shall be carried out by a competent specialist in that 
area. The consequence of failure shall be determined for each failure mode for each segment.

Estimation of the impact of the loss of containment shall take into account the following:

a)	 nature of containment, e.g. gas or liquid, ignition, flammability, toxicity, reactivity, dispersion mode;

b)	 pipeline properties, such as pipeline diameter, wall thickness, type of coating, pressure, etc.;

c)	 pipeline topography and elevation profile;

d)	 population density (potential impact radius) and environmentally sensitive areas, such as water 
bodies, etc.;

e)	 failure mode, such as leak or rupture;

f)	 presence of mitigating measures to restrict loss of containment, such as leak detection, use of 
remote operated isolation valves and emergency response plan;
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g)	 possible consequences following a loss of containment, which can include:

1)	 pressure waves following fluid release;

2)	 combustion/explosion following ignition;

3)	 toxic effects or asphyxiations;

4)	 contamination of environment and assets.

Knowledge of the release mechanism and the subsequent behaviour of the released material enables 
qualitative or quantitative estimates to be made of the effects of the release at any distance from the 
source for the duration of exposure.

Appropriate methods of consequence analysis vary widely in extent and degree of detail, depending on 
the type of threat to be analyzed and the objectives of the assessment.

6.6.2	 Critical consequence areas analysis

6.6.2.1	 Critical consequence areas for liquid and gas pipelines

Critical consequence areas for liquid and gas pipelines can be categorized as shown in Table 1.

Table 1 — CCAs-affected segments ranking

Pipeline  
medium Item Ranking

Liquid pipe-
line 
(category B in 
ISO 13623)

A class 5 locationa. Rank III
A class 4 locationa. Rank III
A class 3 locationa. Rank II
A populated area means a place that contains a concentrated population, such as an 
incorporated or unincorporated city, town, village, or other designated residential 
or commercial area as according to local regulation and company policy irrespective 
of class location.

Rank I

An unusually sensitive area such as an area of drinking water resource or ecological 
resource as according to local regulation and company policy irrespective of class 
location.

Rank III

Environment sensitive area listed in 6.6.2.2.3 or according to local regulation and 
company policy irrespective class location. Rank III

a	 Class location is in accordance with ISO 13623.
b	 For a pipeline not more than 305 mm in nominal diameter and operating at a MAOP of not more than 8,3 MPa, an area 
which extends 90 m from the centreline of the pipeline to the identified site. For a pipeline greater than 762 mm in nominal 
diameter and operating at a MAOP greater than 6,89 MPa, an area which extends 300 m from the centreline of the pipeline 
to the identified site. For a pipeline not described in above, an area which extends 200 m from the centreline of the pipeline 
to the identified site.
c	 Class E liquid pipelines have the same consequences as a gas pipeline.
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Pipeline  
medium Item Ranking

Gas pipeline 
(category D, Ec 
in ISO 13623)

A class 5 locationa. Rank III
A class 4 locationa. Rank III
A class 3 locationa. Rank II
Any area that contains a high traffic road crossing with the pipeline as according to 
local regulation and company policy irrespective of class location. Rank II

Any area in a class 2 location where the potential impact radius is greater than 200 m 
and the area within a potential impact circle contains 20 or more persons; or any 
area in a class 2 location where the pipeline is within 300 m, contains 20 or more 
persons or as according to local regulation and company policy.

Rank I

Any area in a class 2 location where the potential impact circle contains an identified 
site; or any area in a class 2 location where the pipeline is within 90 m, 200 m or 300 m, 
contains an identified site or as according to local regulation and company policy.b

Rank I

a	 Class location is in accordance with ISO 13623.
b	 For a pipeline not more than 305 mm in nominal diameter and operating at a MAOP of not more than 8,3 MPa, an area 
which extends 90 m from the centreline of the pipeline to the identified site. For a pipeline greater than 762 mm in nominal 
diameter and operating at a MAOP greater than 6,89 MPa, an area which extends 300 m from the centreline of the pipeline 
to the identified site. For a pipeline not described in above, an area which extends 200 m from the centreline of the pipeline 
to the identified site.
c	 Class E liquid pipelines have the same consequences as a gas pipeline.

All CCAs can be divided into three classes (see Table 1), such that class I represents less serious while 
class III represents most serious.

6.6.2.2	 Definitions

6.6.2.2.1	 Identified sites

Identified site means each of the following areas:

a)	 An outside area or open structure that is occupied by 20 or more persons on at least 50 days in 
any 12-month period. (The days need not be consecutive.) Examples include but are not limited 
to beaches, playgrounds, recreational facilities, camping grounds, outdoor theatres, stadiums, 
recreational areas near a body of water, or areas outside a rural building such as a religious facility.

b)	 A building that is occupied by 20 or more persons during at least 5 days a week for 10 weeks in any 
12-month period. (The days and weeks need not be consecutive.) Examples include but are not limited 
to religious facilities, office buildings, community centres, general stores, or roller skating rinks.

c)	 A facility occupied by persons who are confined, are of impaired mobility, or would be difficult to 
evacuate. Examples include but are not limited to hospitals, prisons, schools, day-care facilities, 
retirement facilities or assisted-living facilities.

6.6.2.2.2	 Potential impact radius

Potential impact radius (PIR) means the radius of a circle within which the potential failure of a pipeline 
could have significant impact on people or property. PIR (for natural gas pipeline) is determined by 
Formula (1).

r d p=0 0998 2
, 	 (1)
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where

  d is the pipeline outside diameter, expressed in millimetres (mm);

  p is the operating pressure, expressed in mega pascal (MPa);

  r is the radius of impact, expressed in metres (m);

  0,099 8 is the factor for natural gas. This number will vary for other gases depending upon their 
heat of combustion. Other gases or rich natural gas shall use different factors.

The length of the critical consequence area extends axially along the length of the pipeline from the 
outermost edge of the first potential impact circle that contains either an identified site or 20 or more 
buildings intended for human occupancy to the outermost edge of the last contiguous potential impact 
circle that contains either an identified site or 20 or more buildings intended for human occupancy (see 
Annex D).

In a performance-based program, the operator can consider alternate models that calculate impact 
areas and consider additional factors, such as depth of burial, which can reduce impact areas.

6.6.2.2.3	 Environmentally sensitive area

An environmentally sensitive area means a drinking water or ecological resource area that is unusually 
sensitive to environmental damage from a liquid hydrocarbons pipeline release. The IMP shall define 
environmentally sensitive areas for drinking water resources and ecological resources.

An environmentally sensitive area drinking water resource is defined in accordance with local laws, 
regulations and experience. The following list provides examples:

a)	 the water intake for a community water system (CWS) or a non-transient non-community water 
system (NTNCWS) that obtains its water supply primarily from a surface water source and does 
not have an adequate alternative drinking water source;

b)	 the source water protection area for a CWS or an NTNCWS that obtains its water supply from an 
aquifer and does not have an adequate alternative drinking water source;

c)	 the sole source aquifer recharges area where the sole source aquifer is a karst aquifer in nature.

An environmentally sensitive area ecological resource is defined in accordance with local laws, 
regulations and experience. The following list provides examples:

—	 an area containing endangered species or ecological community;

—	 a multi-species assemblage area;

—	 a migratory water bird concentration area.

6.7	 Risk determination

For risk assessment, the methodologies listed in IEC  31010 can be used. The probability and 
consequence shall be matched to the same failure mode. For example, if the consequence level is 
assigned on the basis of a leak, then the probability should be that of a leak, not merely the probability 
of the threat (e.g. corrosion) occurring. For quantitative methods, risk can be described by Formulae (2) 
and (3) for independent failure modes. For dependent failure modes, recourse should be made to more 
sophisticated models.

a)	 For a single failure mode:

Risk p Ci i i= × 	 (2)
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b)	 For multiple failure modes 1 to n:

Risk p Ci i

n
= ×∑

1
	 (3)

where

  C is the CoF;

  p is the PoF;

  1 to n is threat category.

For a semi-quantitative method, the likelihood and consequence for each threat should be plotted on 
the risk matrix to determine their significance. The matrix should be divided into bands representing 
increasing levels of overall risk as illustrated in Annex B.

Quantitative risk assessments can be carried out using deterministic and probabilistic approaches.

6.8	 Reporting

The risk assessment process shall be documented in a risk assessment report.

The report shall clearly portray the pipeline risk profile at a specified time, or as a function of time. 
In such reports, estimated risk should be expressed in terms appropriate for the stated objectives 
and audience, the strength and limitation of different risk measures used should be explained and the 
uncertainties surrounding estimated risk should be set out in straightforward language.

The extent of the risk assessment report depends upon the objectives and scope of the assessment; 
however, the documentation shall include as a minimum contain the following:

a)	 objectives and scope;

b)	 pipeline system description;

c)	 risk assessment methodology;

d)	 limitations and assumptions;

e)	 threat identification results;

f)	 PoF analysis results, including assumptions;

g)	 CoF analysis results, including assumptions;

h)	 risk evaluation results;

i)	 sensitivity and uncertainty analysis;

j)	 discussion of results (including a discussion of analysis problems);

k)	 conclusions and recommendations;

l)	 references, including all sources necessary to support any models or analytical techniques 
applied; and

m)	 names and qualifications of personnel who participated in the analysis.

6.9	 Reassessment

The risk reassessment shall be carried out a regular basis or at specific dates set by the risk 
assessment group.
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Additionally, a risk reassessment shall be carried out in response to:

a)	 changes in design or operation of the system;

b)	 changes to the pipeline environment;

c)	 unexpected results of mitigation measures, e.g. measure is not effective; and

d)	 acquisition of new information about the system (e.g. the results of an inline inspection run).

A risk reassessment might be carried out in response to incidents that occur on the pipeline system or 
relevant incidents or on systems of similar nature.

7	 Inspection and monitoring

7.1	 In-line inspection

7.1.1	 General

ILI is an important method in the investigation of the condition of a pipeline. The effectiveness of the 
ILI tool used depends on the condition of the specific pipeline section to be inspected and how well the 
selected tool matches the requirements set by the inspection objectives (see Table 2). ILI planning, tool 
selection, capabilities and qualification of personnel might be dependent on regulatory requirements. 
Where regulatory requirements do not express detailed guidance, the following standards can be used 
as references:

—	 API Std 1163;

—	 ASNT ILI-PQ;

—	 NACE SP0102;

—	 NACE 35100.

Additional guidance could be found from other industry practice such as specifications and 
requirements for in-line inspection of pipelines defined by the Pipeline Operator Forum.

7.1.2	 Baseline inspection

The baseline inspection represents the earliest condition of the system to identify any integrity related 
issues introduced during the construction phase and acts as a reference for comparison with future 
inspection activities. It is considered a common practice and a good project approach to let the baseline 
inspection coincide with the as-built survey. The as-built survey also takes into consideration all the 
intervention works performed before, during and after the pipeline installation.

Consideration shall be given to executing the baseline inspection before handover of the pipeline 
system into operation, in order to ensure the design, manufacturing and construction of the pipeline 
are compatible with the design basis.

For a new pipeline segment, the baseline inspection should be conducted within 3 years after 
commissioning.

Note	 Local regulatory practices might have different requirements.

ILI tool technologies can be selected from Table 2 based on the anomalies expected and used to obtain 
the initial condition assessment of the pipeline.
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7.1.3	 Considerations for the use of ILI tools

7.1.3.1	 Choice of ILI tools

The choice of the ILI tool technology depends on the specifics of the pipeline section, previously 
identified risks and the goal that are set for the inspection. The operator shall outline the process used 
in the IMP for the selection and implementation of the ILI inspections. Table 2 provides a guide to the 
ILI methods available.

The operator shall assess and demonstrate the reliability of the chosen ILI method by examining the 
following:

a)	 ability to detect the presence of multiple cause anomalies;

b)	 confidence level of the ILI method and service provider specification (e.g. probability of detecting, 
classifying and sizing the anomalies);

c)	 performance history of the ILI method/tool and service provider track record;

d)	 success rate/failed surveys and service provider;

e)	 ability of detection and classification, sizing accuracy and location accuracy of the tool;

f)	 validation of specifications by either pull through testing or correlation excavations or other 
equivalent methods;

g)	 impact to quality of data collected considering the nature of transported product (gas bubbles, wax 
flocculation), quality of pipeline cleaning and targeted wall thicknesses.
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Table 2 — Types of ILI tools and inspection purposes

Anomaly Imperfection/ 
defect/feature

Metal loss detection tools Crack detection 
tools

Defor-
mation 

detection 
tools

Magnetic flux leakage (MFL) Ultra- 
sonic 
com- 
pre- 

ssionm

Ultra-
sonic 
shear 

wavem

EMATStandard 
resolution

High res-
olution

Trans-
verse 
MFL

Metal loss

External  
corrosion

Detectiona 
sizingb 

No ID/OD 
discrimina-

tion

Detectio-
na 

sizingb

Detectio-
na 

sizingb

Detectio-
na 

sizingb

Detectio-
na 

sizingb

Limited 
detection

No detec-
tionInternal  

corrosion
Scratches

Crack- 
like  
ano- 
maly

Narrow axial ex-
ternal corrosion Detectiona Detectio-

na

Detectio-
na 

sizingb

Detectio-
na 

sizingb

Detectio-
na 

sizingb

Limited 
detection

No detec-
tion

Stress corrosion 
cracking No detection No detec-

tion

Limited 
detectio-

na, c 
sizingb

No de-
tection

Detectio-
na 

sizingb

Detectio-
na 

sizingb

No detec-
tion

Fatigue cracks No detection No detec-
tion

Limited 
detectio-

na, c 
sizingb

No de-
tection

Detectio-
na 

sizing b

Detectio-
na 

sizingb

No detec-
tion

Long seam 
cracks, etc. (toe 

cracks, hook 
cracks, incom-

plete fusion, 
preferential seam 

corrosion)

No detection No detec-
tion

Detectio-
na, c 

sizingb

No de-
tection

Detectio-
na 

sizingb

Detectio-
na 

sizingb

No detec-
tion

Circumferential 
cracks No detection

Detec-
tionc 

sizingb

No detec-
tion

No de-
tection

Detectio-
na 

sizingb, d

Detectio-
na 

sizingb, d

No detec-
tion

Hydrogen-in-
duced cracks 

(HIC)
No detection No detec-

tion
No detec-

tion
Detectio-

na
Limited 

detection
Detectio-

na 
sizingb

No detec-
tion

NOTE   From NACE SP0102:​2010.
a	 Limited by the detectable depth, length and width of the indication.
b	 Defined by the sizing accuracy of the tool.
c	 Reduced probability of detection (POD) for tight cracks.
d	 Transducers to be rotated 90°.
e	 Reduced probability of detection (POD) depending upon size and shape.
f	 Also circumferential position, if tool is equipped.
g	 Sizing not reliable.
h	 If tool is equipped for bend measurement.
i	 Composite sleeve without markers is not detectable.
j	 If tool is equipped, dependent on parameters.
k	 If tool is equipped with mapping capabilities.
l	 Sizing is tool dependent.
m	 ILI technologies that can be used only in liquid environments, e.g. liquids pipelines or in gas pipelines with a liquid 
couplant.
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Anomaly Imperfection/ 
defect/feature

Metal loss detection tools Crack detection 
tools

Defor-
mation 

detection 
tools

Magnetic flux leakage (MFL) Ultra- 
sonic 
com- 
pre- 

ssionm

Ultra-
sonic 
shear 

wavem

EMATStandard 
resolution

High res-
olution

Trans-
verse 
MFL

Deforma-
tion

Sharp dents Detectione, g Detec-
tione, l

Detec-
tione, g

Detec-
tione, g

Detec-
tione, g

No de-
tection

Detectionf 
sizing

Smooth dents Detectione, g Detec-
tione, l

Detec-
tione, g

Detec-
tione, g

Detec-
tione, g

No de-
tection

Detectionf 
sizing

Buckles Detectione, g Detec-
tione, l

Detec-
tione, g

Detec-
tione, g

Detec-
tione, g

No de-
tection

Detectionf 
sizing

Wrinkles, ripples Detectione, g Detec-
tione, l

Detec-
tione, g

Detec-
tione, g

Detec-
tione, g

No de-
tection

Detectionf 
sizing

Ovalities No detection No detec-
tion

No detec-
tion

No de-
tection

No detec-
tion

No de-
tection

Detection 
sizingb

Misc. com-
ponents

In-line valves and 
fittings Detection Detection Detection Detec-

tion Detection Detec-
tion Detection

Casings  
(concentric) Detection Detection Detection No de-

tection
No detec-

tion
No de-
tection

No detec-
tion

Casings  
(eccentric) Detection Detection Detection No de-

tection
No detec-

tion
No de-
tection

No detec-
tion

Bends Detection Detection Detection Limited 
detection

Limited 
detection

Limited 
detection

Detectionh 
sizingh

Branch appurte-
nances/hot taps Detection Detection Detection Detec-

tion Detection Detec-
tion

No detec-
tion

Close metal  
objects Detection Detection Detection No de-

tection
No detec-

tion
No de-
tection

No detec-
tion

Thermite welds No detection No detec-
tion

No detec-
tion

No de-
tection

No detec-
tion

No de-
tection

No detec-
tion

Pipeline  
coordinates No detection Detec-

tionk Detectionk Detec-
tionk

Detec-
tionk

No de-
tection Detectionk

NOTE   From NACE SP0102:​2010.
a	 Limited by the detectable depth, length and width of the indication.
b	 Defined by the sizing accuracy of the tool.
c	 Reduced probability of detection (POD) for tight cracks.
d	 Transducers to be rotated 90°.
e	 Reduced probability of detection (POD) depending upon size and shape.
f	 Also circumferential position, if tool is equipped.
g	 Sizing not reliable.
h	 If tool is equipped for bend measurement.
i	 Composite sleeve without markers is not detectable.
j	 If tool is equipped, dependent on parameters.
k	 If tool is equipped with mapping capabilities.
l	 Sizing is tool dependent.
m	 ILI technologies that can be used only in liquid environments, e.g. liquids pipelines or in gas pipelines with a liquid 
couplant.
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Anomaly Imperfection/ 
defect/feature

Metal loss detection tools Crack detection 
tools

Defor-
mation 

detection 
tools

Magnetic flux leakage (MFL) Ultra- 
sonic 
com- 
pre- 

ssionm

Ultra-
sonic 
shear 

wavem

EMATStandard 
resolution

High res-
olution

Trans-
verse 
MFL

Previous 
repairs

Type A repair 
sleeve Detection Detection Detection No de-

tection
No detec-

tion
No de-
tection

No detec-
tion

Composite sleeve Detectioni Detec-
tioni Detectioni No de-

tection
No detec-

tion
No de-
tection

No detec-
tion

Type B repair 
sleeve Detection Detection Detection Detec-

tion Detection Detec-
tion

No detec-
tion

Patches/half soles Detection Detection Detection Detec-
tion Detection Detec-

tion
No detec-

tion

Puddle welds Limited 
detection

Limited 
detection

Limited 
detection

No de-
tection

No detec-
tion

No de-
tection

No detec-
tion

Misc.  
damage

Laminations Limited 
detection

Limited 
detection

Limited 
detection

Detec-
tion 

sizingb

Limited 
detection

No de-
tection

No detec-
tion

Inclusions (lack 
of fusion)

Limited 
detection

Limited 
detection

Limited 
detection

Detec-
tion 

sizingb

Limited 
detection

No de-
tection

No detec-
tion

Cold work No detection No detec-
tion

No detec-
tion

No de-
tection

No detec-
tion

No de-
tection

No detec-
tion

Hard spots No detection Detec-
tionj

No detec-
tion

No de-
tection

No detec-
tion

No de-
tection

No detec-
tion

Grind marks Limited 
detectiona

Limited 
detectio-

na

Limited 
detectio-

na, b

Detec-
tiona, b

Detectio-
na, b

No de-
tection

No detec-
tion

Strain No detection No detec-
tion

No detec-
tion

No de-
tection

No detec-
tion

No de-
tection Detectionj

Girth weld anom-
aly (voids, etc.)

Limited 
detection Detection No detec-

tion
Detec-

tion
Detec-
tiond

Detec-
tiond

No detec-
tion

Scabs/slivers/
blisters

Limited 
detectiona

Limited 
detection

Limited 
detectiona

Detec-
tiona, b

Detectio-
na, b

Detec-
tiona, b

Limited 
detection

NOTE   From NACE SP0102:​2010.
a	 Limited by the detectable depth, length and width of the indication.
b	 Defined by the sizing accuracy of the tool.
c	 Reduced probability of detection (POD) for tight cracks.
d	 Transducers to be rotated 90°.
e	 Reduced probability of detection (POD) depending upon size and shape.
f	 Also circumferential position, if tool is equipped.
g	 Sizing not reliable.
h	 If tool is equipped for bend measurement.
i	 Composite sleeve without markers is not detectable.
j	 If tool is equipped, dependent on parameters.
k	 If tool is equipped with mapping capabilities.
l	 Sizing is tool dependent.
m	 ILI technologies that can be used only in liquid environments, e.g. liquids pipelines or in gas pipelines with a liquid 
couplant.
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7.1.3.2	 Personnel

The operator shall have an adequate number of qualified staff to support the ILI run. The operator shall 
ensure the ILI vendor has an adequate number of qualified staff who are able to successfully complete 
a valid ILI run.

7.1.3.3	 Pipeline preparation

The operator shall be responsible for any pipeline modifications to facilitate cleaning, gauging and ILI 
of the system. The launcher/receiver facilities and any other modifications can be either temporary 
or a permanent installation. Any restrictions identified in the ILI planning stage shall be rectified or 
confirmed with the vendor as not posing a risk to the inspection tool. Particular attention shall be paid 
to potential issues such as bend radii for ILI tool passage and the type of valves existing on the pipeline 
system. In addition, all valves that could be used are serviced and confirmed to be fully functioning.

7.1.3.4	 ILI risk management

Prior to project commencement, an ILI implementation plan shall be developed and ILI risk management 
control measures shall be prepared to eliminate or reduce risks such as ILI and cleaning tools being 
stuck, stopped or damaging the pipe.

Historical data should be evaluated for anticipated contaminant deposits such as scale, dust, paraffin, 
etc. to reduce the risk of the ILI tool becoming stuck. The results of current maintenance pigging 
activities in the pipeline aid in the cleaning program design.

The pipeline shall be cleaned prior to operation of ILI tools to ensure the data quality of ILI and reduce 
the risk of failure or degradation of ILI data.

7.1.4	 Acceptance of inspection data

Acceptance of inspection data shall be based on two primary principles: data completeness and data 
quality; which describe the nature and quality of the collected data as expected for use in integrity 
management processes.

NOTE 1	 Data completeness refers to the data collected versus expected for the inspection run. It is a function 
of pipeline length, diameter and the number and types of sensors. Data completeness is impacted by: sensor loss, 
damage, debris and other factors and is assessed for the intended segment of pipeline to be inspected.

NOTE 2	 Data quality refers to the quality of the data collected. Data quality is impacted by noise sources to the 
sensors (mechanical ride, electrical signal noise), product debris, poor coupling characteristics or speed.

7.1.5	 Reporting requirements

7.1.5.1	 General

The operator and ILI vendor shall reach an agreement on the requirements and specifications of the 
inspection report in advance. If a number of technologies (e.g. magnetic flux leakage and ultrasonic 
testing tools) are adopted for the inspection project or multiple functions are integrated in an 
inspection tool (e.g. integrated technology tools of magnetic flux leakage, caliper and mapping), the 
pipeline information obtained by inspection tools of different types should be integrated in the same 
report which includes the different anomalies (defects).

Overall requirements for ILI reporting are listed as follows:

a)	 The report format, including all reporting titles, list of characteristics and data specification, shall 
be specified. All characteristics and weld numbers specified in the contract and integrated reports 
shall conform to the agreed format.
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b)	 For lists of anomalies in girth welds and spiral welds, referenced upstream and downstream 
marker points and distance of anomalies shall be given. In addition, the pipe wall thickness shall be 
provided where anomalies in girth welds and spiral welds exist.

c)	 The ILI data software version shall be provided and clearly defined. Any updated software version 
shall be compatible with previous data formats. The final inspection report, pipeline list and data 
interpretation software report shall conform to the agreed format.

7.1.5.2	 Delivery requirements

7.1.5.2.1	 Field report

After completion of the ILI field inspection, within an agreed time frame, the inspection service 
provider shall provide an initial report notifying the operator if the inspection was successful. The field 
report shall include, but is not limited to:

a)	 data sampling frequency or interval;

b)	 inspection threshold;

c)	 report threshold; if report threshold is unspecified features of POD = 90 % shall be adopted;

d)	 speed curve, pressure curve and temperature curve of inspection tool operation;

e)	 count of damaged sensors; and

f)	 statistics of return loss if an ultrasonic testing tool is run.

7.1.5.2.2	 Preliminary report

After completion of field inspection, the inspection service provider shall submit a preliminary report 
within the agreed to timeframe. The initial report shall cover all items agreed to in the contract. For 
example, features of metal loss with peak depth exceeding 70 % of pipe thickness; features of metal 
loss for the five most serious places, or if estimated pipeline parameter data relating to a pressure 
assessment of features of metal loss was available in preparation of the preliminary assessment report, 
features of metal loss of exceed a predetermined estimated repair factor (ERF) shall be provided.

7.1.5.2.3	 Final report

After completion of the field inspection, the ILI vendor shall submit a final report within the agreed 
timeframe.

The final report typically includes the following:

a)	 overview of inspection project, including pipeline defects;

b)	 performance index of inspection technology;

c)	 inspection time;

d)	 operating data of inspection tools;

e)	 pipeline list;

f)	 list of anomalies;

g)	 defect statistics and summaries;

h)	 defect assessment method;

i)	 excavation list for serious defects; and
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j)	 corresponding relation between ground reference points and relatively permanent pipeline 
markers.

7.1.5.2.4	 Supplement report for other type of anomalies

If there are additional requirements which were agreed to in the contract, such as the inspection service 
provider shall provide additional supplementary analysis reports on other features, such as evidence of 
leakage or severe damage, spiral welds anomalies and girth weld anomalies within an agreed time frame.

7.1.5.2.5	 Software

Software capabilities shall include but not be limited to the following functions:

a)	 signal data review;

b)	 presenting absolute and relative distance of characteristics;

c)	 presenting clock orientation of characteristics;

d)	 measuring axial and girth distance between any two points in a pipeline;

e)	 generating clock orientation of interaction between spiral welds/longitudinal welds and girth 
welds; and

f)	 generating an excavation list.

7.1.6	 Excavation verification

Excavations are required to verify whether the ILI results conform to the stated ILI specifications 
outlined in the contract. The operator and ILI vendor shall work together to confirm anomalies as per 
the inspection report and conduct field excavation. Field validation of defects shall be performed to an 
inspection protocol agreed to by both parties.

The ILI service provider should, based on field inspection results, continue to improve efficiency and 
precision of data analysis utilizing the on-site inspection results. If the inspection report does not 
correlate with the excavation verification, the operator shall require the ILI provider to re-analyze the 
inspection data. If the data cannot be validated, the inspection tool shall be re-run.

7.2	 Aboveground inspection

Aboveground inspection is intended to identify coating defect location and estimate corrosion activity 
of the pipeline.

The pipeline location and buried depth can be detected from GPS coordinates of the pipeline and 
pipeline depth detection equipment.

Aboveground location measurements should be referenced to precise geographical locations and 
documented so that inspection results can be compared and used to identify excavation locations.

The techniques and measuring equipment for aboveground coating inspections are well established 
such as for close interval potential survey (CIPS), direct current voltage gradient (DCVG) methods and 
alternating current voltage gradient (ACVG).

Aboveground survey techniques for the evaluation of underground pipeline coating condition can be 
found in ISO 15589-1:2015, Annex D or NACE TM0109 or NACE SP0502.
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7.3	 Non-destructive testing (NDT)

The pipeline indications identified should be inspected by the appropriate NDT method including visual 
testing (VT), mechanical measurements, magnetic particle testing (MT), penetration testing (PT), eddy 
current testing (ET), X-ray radiography (RT), ultrasonic testing (UT), etc.

MT is mainly used to detect the location, size and shape of surface and near surface indications.

PT is mainly used to detect the position, size and shape of surface opening indications.

ET is mainly used to detect surface and near surface indications.

RT and UT are mainly used to detect internal indications. RT could determine the location, size and 
shape of the indication. UT could determine the localized location and size of the defect.

Cross validation can be performed using a variety of methods and should be considered based on the 
complexity and severity of the indication being evaluated.

In addition to direct non-destructive testing, for indications that are assessed to be defects which 
require removal for mitigation, the removed sections should be used to validate the NDT.

7.4	 River crossing inspections

7.4.1	 Inspecting submerged river crossings

A list of submerged river crossings that require inspection shall be maintained with the appropriate 
inspection frequency. Rivers that exhibit the following characteristics should be considered for the list:

—	 flooding that impacts the pipeline;

—	 bank stabilization issues;

—	 current shallow cover;

—	 land movement.

Underwater crossings shall be inspected periodically for adequacy of cover, accumulation of debris and 
other conditions that can affect the safety or integrity of the crossing. Under-river crossing segments 
should be periodically inspected to ensure enough buried depth for integrity of pipelines below the 
river bed. Consideration should be made for previous inspection data when establishing the appropriate 
river crossing inspection frequency. Alternate inspection methods, e.g. sonar, fathometer, should be 
approved methods within the IMP.

7.4.2	 Inspecting structurally supported river crossings

A list of structurally supported river crossings with the appropriate inspection frequency for the 
structures shall be maintained. The following should be considered for the list as minimum:

—	 structures susceptible for corrosion, damage and misalignment;

—	 soil-to-air interface;

—	 anchor bolts for corrosion, coating condition, soundness and fastener tightness;

—	 rollers, brackets and clamps;

—	 wire rope cables for tension, corrosion, broken strands and signs of wear at stress points.
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7.5	 Monitoring

7.5.1	 Monitoring is the measurement and collection of data that indirectly can give information on the 
condition of a component or a system.

7.5.2	 The operator shall monitor the CP system regularly to measure the level of protection and check 
for the presence of stray current interference.

7.5.3	 Effectiveness of the internal corrosion-control system shall also be monitored. Consideration of 
techniques to monitor the effectiveness of an internal corrosion-control program should include but not 
be limited to:

a)	 chemical composition (e.g. CO2, H2S, water);

b)	 monitoring the ongoing operating conditions;

c)	 deployment of corrosion-monitoring devices such as weight-loss coupons, corrosion probes, 
hydrogen probes and removable spool pieces;

d)	 NDT, such as ultrasonic or eddy current wall thickness measurement;

e)	 visual inspection of the internal surface of cut-outs; and

f)	 internal electronic inspection equipment.

7.5.4	 The operator should monitor the pipeline for stress changes, due to displacement or soil 
movement for pipeline sections that suffered from landslides, floods, geological subsidence, etc. (e.g. 
inspections using in-line geometry tools, survey techniques, and slope inclinometers). Observations 
from real-time monitoring systems can provide alarm notifications and provides reference to future risk 
evaluations.

7.5.5	 Real time monitoring systems to detect leaks, theft and/or third party interference shall be 
considered for IMP activities.

8	 Integrity assessment

8.1	 General

Integrity assessment methods include fitness for purpose assessments to assess the suitability of 
the pipeline for service. Assessment can be carried out on anomaly data obtained through indirect 
inspection, e.g. ILI data, pressure testing or from the direct measurement of a defects dimensions 
during direct examination.

The process evaluates whether:

a)	 there is sufficient structural integrity to withstand all forces to which it can be subjected to during 
current and future service;

b)	 the pipeline is able to operate within prescribed safety margins.

8.2	 Fitness for purpose

8.2.1	 Assessment data collection

Collected data required for integrity assessment shall include but not be limited to: pipeline properties, 
defect parameters, mechanical performance, load parameters, construction data, operating data and 
historical data.
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8.2.2	 Defect data statistics and causation analysis

Analysis shall be conducted on defect data from various inspections to identify the probable cause of 
any detects including the defect type, location on the pipe, distribution along the length of the pipe, 
coating type and external influences, such as topography, soil type, elevation profile and other relevant 
attributes identified from the inspection or similar evaluation results. Such analysis should include but 
is not limited to:

a)	 statistical analysis on overall defects populations;

b)	 statistical analysis on specific defects;

c)	 distribution statistics and causation analysis; and

d)	 statistical analysis of changes between two or more time periods.

The output from the analysis should be considered in the risk assessment.

8.2.3	 Assessment method selection

The defect assessment methods shall be selected taking into consideration the following variables: 
defect type and characteristics, load type, service fluid type, pipe material properties, limitations and 
confidence level of the methodology.

Commonly used assessment methods for the various types of defects are given in Table 3. There can be 
other proprietary methods not listed in Table 3 and it is not the intent of this document to prevent the 
use of other methods. However, before using other methods the operator shall verify the suitability and 
accuracy of the chosen method for each specific defect type assessment.

Table 3 — Assessment standards for defect types

Types of defects Assessment standards

Corrosion (internal, external)

ASME B31G
API RP 579-1
BS 7910
DNVGL-RP-F101

Gouges
API RP 579-1
BS 7910

Manufacturing defects
API RP 579-1
BS 7910

Dents

API 1156
API RP 1160
API RP 579-1
ASME B31.4
ASME B31.8
AS 2885.3
CSA Z662

Girth weld defects
API RP 579-1
BS 7910

Seam welding defects
API RP 579-1
BS 7910

Spiral weld defects
API RP 579-1
BS 7910
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Types of defects Assessment standards

Cracks
API RP 579-1
BS 7910

Environmental cracking: 
stress corrosion cracking (SCC); 

hydrogen-induced cracking (HIC).

API RP 579-1

BS 7910

8.2.4	 Residual strength and remaining life assessment

8.2.4.1	 General

The ability to accurately determine the residual strength and any impact upon remaining life is 
dependent on the availability and accuracy of data relating to the defect. Where data is limited, the 
operator shall use conservative assumptions and shall update the assessments once accurate data 
becomes available.

Safety factors shall be determined by the operator and applied to all calculations of pipeline strength 
use for remaining life considerations.

The remaining life of defects shall be predicted based upon the defect growth, failure mode and an 
applicable safety coefficient. Where the defect strength does not satisfy the proposed service life at 
MAOP, the defect shall be scheduled for repair or removed or the MAOP adjusted.

Anomaly residual strength and predicted remaining evaluations based solely on ILI data, shall only be 
conducted if the ILI data is correlated with the appropriate number of field verification excavations. 
The operator shall determine the appropriate number of verification excavations that demonstrate 
the correlation of the ILI results with an appropriate level of confidence to be used in the assessment. 
Defect residual strength and predicted remaining life calculations shall consider all of the relevant 
uncertainty and probability of exceedance associated with variables such as defect sizing, assumed 
growth rates and operation loads as part of the evaluation.

When conducting remaining life calculations, the defect repair time shall be the time from the initial 
identification of the defect until the time the defect will be excavated for evaluation and possible repair. 
ILI results will be re-validated with ongoing excavation results and if applicable modifications to the 
defect sizing and predicted growth rate shall be undertaken.

NOTE	 API Std 1163 provides guidance on ILI verification.

When a defect is found that exceeds the acceptability criteria then immediate mitigation actions, such 
as reducing the pressure, defect removal or repair, shall be undertaken. The operator shall be able 
to demonstrate that the mitigation action taken has rendered the defect safe for continued pipeline 
operation.

8.2.4.2	 Acceptance criteria

Acceptance criteria for the different types of defects referenced shall be as stated in 8.2.4.3 to 8.2.4.7, 
unless otherwise determined by the operator or prescribed by regulations.

8.2.4.3	 Acceptability criterion for corrosion

Immediate mitigation is required for corrosion anomalies with calculated failure pressure less than the 
design safety factor multiplied by MAOP or with depth greater than 80 % of nominal wall thickness.

Scheduled mitigation is required for anomalies that can be operated safely at MAOP. Growth calculation 
will identify anomalies that will become unacceptable at a future time period. Mitigation shall be 
scheduled according to growth calculation results.
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8.2.4.4	 Acceptability criterion for manufacturing defects

Manufacturing defects will normally have passed a pressure test and therefore should remain capable 
of operating throughout the service life at MAOP. Where manufacturing defects are developing in 
severity, they shall be assessed and mitigated as if they were corrosion.

8.2.4.5	 Acceptability criterion for cracks

Immediate mitigation is required for cracks with calculated failure pressure less than the design safety 
factor multiplied by MAOP.

Scheduled mitigation is required for situations where the main crack development mechanism has 
been identified and assessed to be safe to remain in service. Remaining life assessments shall consider 
ongoing fatigue and/or growth mechanisms. Mitigation shall be undertaken prior to any future time 
periods where the defect is assessed to have a calculated failure pressure being less than the design 
safety factor multiplied by MAOP.

8.2.4.6	 Acceptability criterion for dents

Dents can be assessed using standards listed in Table 3 or other acceptable standards. Cracking 
associated with the dent shall be identified and ground out and the pipe reinforced as necessary. Where 
repair is not possible, the dent shall be removed. Dent dimensions shall be reassessed after excavation 
to take into consideration any re-rounding that might have occurred.

8.2.4.7	 Acceptability criteria for weld defects

Welding defects shall be assessed for their suitability for ongoing service. Where repair is necessary, 
suitable temporary mitigation shall be applied until repairs can be completed.

Welding defects that are unsatisfactory and cannot be repaired safely shall be removed from service.

Assessment of planar defects should be considered as cracks, see Table 3.

8.2.5	 Reporting requirements

A report shall be prepared that specifies the defect type, cause, actual dimensions, pipe and coating 
conditions and any relevant soil and topography information and the repair actions taken.

8.3	 Pressure test

8.3.1	 General

8.3.1.1	 A pressure test, also known as hydrostatic testing or pressure testing, is a pipeline integrity 
assessment method recognized by oil and gas transportation industry that evaluates a pipeline’s 
capability to safely operate at a determined pressure (such as MAOP), see, e.g. ISO  13623:2017, 6.7. 
Pressure tests are also used to determine if there are leaks. The pressure test can include spike testing 
such as described in API RP 1110.

8.3.1.2	 Pressure testing as described in 8.3 is only for the integrity assessment of in-service pipelines.

8.3.1.3	 Before conducting a pressure test the operator shall consider performing a risk assessment for 
both the applicability of assessment methods and procedures and the activities of the pressure test itself. 
Any remedial actions identified in the risk assessment shall be completed before proceeding with the 
pressure testing.

8.3.1.4	 The operator shall consider results of risk assessments and severity of known defects to 
confirm the frequency and scheduling of any pressure test.
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8.3.1.5	 If the target pipeline operating pressure is higher than the initial design, then it is a matter of 
uprating, see 13.5.

8.3.1.6	 Pressure testing shall use water as the testing medium for all pipelines unless the operator can 
demonstrate that the use of water is not feasible. The use of non-combustible gas for pressure testing can 
substitute water as long as the associated risks are mitigated and it complies with applicable regulations.

8.3.2	 Preconditions for use of pressure testing on an in-service pipeline

Selection of a pressure test to determine the integrity of an in-service pipeline shall include at least one 
of the following conditions.

a)	 Pipelines that are required to have pressure-test assessments according to risk and/or integrity 
assessment.

b)	 The pipeline has been in operation at a pressure lower than the designed MAOP and is being 
considered to be operated at a higher pressure or MAOP.

c)	 Frequent incidents continue to occur even after a number of other integrity assessment methods 
for pipelines are performed, including ILI and direct assessment.

d)	 The medium or process conditions are altered from the design parameters.

e)	 Pipelines that have been inactive for over a year are returned to service.

f)	 Pressure testing shall be conducted on any replaced pipe segments.

8.3.3	 Features to be considered for water pressure test

The test pressure shall be based upon, ISO 13623, related risk assessment and operator practices, and 
shall ensure to follow local regulations.

The following shall be reviewed when performing a water pressure test:

a)	 The pipeline operating conditions and influences of geography and the impact of pressure testing 
with water. Such conditions can include impact of the pipeline shutdown, accessibility for repairs 
and replacements, water disposal, topological geography of the pipeline right of way.

b)	 The planned targeted operating pressure. The test pressure shall be obtained at the high elevation 
point of the minimum strength test section and shall not be higher than the pressure required 
producing a hoop stress equal to SMYS as determined by testing. An extensive safety assessment 
shall be conducted to ensure the pressure testing does not pose a threat to safety.

c)	 The strength and capability of exposed and unsupported pipelines. These shall be calculated and 
included in the risk assessment plan (to prevent unplanned permanent deformation).

d)	 Original design standard and safety factors applied.

8.3.4	 Pressure test risks

Pressure testing is an activity with a temporarily increased risk level and particular attention should 
be paid to the safety of personnel and the public. Risk identification shall be implemented prior to 
pressure testing by competent personnel. Risks shall be identified and mitigated. Examples of risks 
associated with pressure testing include:

a)	 variances in material properties as process parameters can vary;

b)	 risks of water injection and drainage on future pipeline corrosion;

c)	 risks of pipeline failure incurred by considerable pipeline leak points;

﻿

© ISO 2019 – All rights reserved� 43

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 19

34
5-1

:20
19

https://standardsiso.com/api/?name=877c8a92f099b621d4c87643fb540836


﻿

ISO 19345-1:2019(E)

d)	 risks of disturbance to entire system during pressure test;

e)	 risks of unplanned permanent damage to pipe materials and strain.

8.3.5	 Management measures

Risk management of pressure testing is a dynamic process and the operator shall monitor and regularly 
update the risk assessment and its recommended activities prior to and during the testing.

The operator shall ensure that safety and management controls are in place through the process. 
These controls shall include preparation of checklists to ensure completion of all works, collection and 
summary of post-test experiences.

The operator shall formulate a detailed pressure test plan that includes the identified risks. The 
operator shall also conduct a material property analysis to ensure the pressure test does not impact the 
materials. Where material properties are unknown, the operator shall conduct tests of the materials to 
determine their properties. The evaluation shall include calculation of the strength of materials used 
according to relevant standards and codes and shall be included in the formal documentation of the 
pressure test.

The operator shall conduct an assessment regarding changes in pipeline stresses caused by the medium 
replacement and temperature variations; methods such as finite element analysis (FEA) can be used to 
identify stress changes requiring controlling.

The operator shall prepare emergency response plans in relation to pressure testing, to mitigate any 
safety or environmental consequences associated with pressure testing.

The operator shall ensure that personnel is adequately trained and qualified prior to pressure testing. 
Records of training shall be kept as part of the pressure-test activities.

The operator shall ensure that the pressure test plans include reviews of field conditions; accessibility 
and logistics for temporary facilities as needed for performing water pressure tests including 
capabilities to capture and dispose of testing product.

8.3.6	 Monitoring of pressure test procedures

The operator shall ensure that personnel is available to comprehensively monitor for pressure changes 
caused by pipeline failures and resulting forensic analysis in cases of pipe ruptures during pressure 
testing.

The operator shall ensure surveillance over pressurizing and depressurizing activities at both ends of 
pipe segments tested.

Line patrollers shall be arranged along the pipe segments tested to directly observe any pipeline 
medium release or abnormal ground movement or changes.

The operator shall inform residents adjacent to right of way that the pressure test is occurring and 
assign relevant personnel to have evacuation emergency plans in place.

8.3.7	 Review of pressure test results

Relevant personnel of the operator shall review and analyze process data during the pressure test to 
identify leak points and perform validation during excavation in order to directly acquire and collect 
integrity data as part of the integrity plan and pressure test records.

The pressure test shall be monitored and recorded over time and form part of formal test documentation.

In the case of any leak points detected, the operator shall perform prompt repair measures including 
pipe replacement or weld repair as determined by relevant personnel.
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For any pipe segments that fail, the operator shall perform a failure analysis (see 12.2) and mitigation 
shall be conducted to prevent reoccurrence.

8.3.8	 Pressure test report

The pressure test assessment report shall include:

a)	 project information;

b)	 pressure test plan;

c)	 records of the pressure;

d)	 defects and anomalies detected;

e)	 repair-related information;

f)	 reassessment period;

g)	 conclusions.

8.4	 Direct assessment

8.4.1	 General

Direct assessment is an integrity assessment method utilizing a structured process through which 
the operator is able to integrate knowledge of the physical characteristics and operating history of 
a pipeline system or segment with the results of inspection, examination and evaluation, in order to 
determine the integrity.

Direct assessment is applicable for three types of time-dependent defects: external and internal 
corrosion, stress corrosion crack (excluding fatigue related threats such as corrosion fatigue).

In general, direct assessment is applicable for the following conditions:

a)	 pipelines where ILI or pressure test is not possible;

b)	 pipelines that require costly renovation as evaluated by other methods; and

c)	 direct assessment is confirmed to be more effective than ILI or pressure test.

8.4.2	 Direct assessment process

Direct assessment usually has a four-element approach:

a)	 Pre-assessment: It is used for determining feasibility of direct assessment by data collection and 
analysis, identifying assessment sections and choosing indirect inspection tools.

b)	 Indirect inspection.

c)	 Direct examination: Based on analysis of indirect inspection results, choose location and number 
of excavation locations and conduct a direct inspection of the pipeline surface. Such works require 
inspectors to have sufficient professional knowledge.

d)	 Post-assessment.

8.4.3	 Direct assessment methods

Direct assessment methods mainly include external corrosion direct assessment (ECDA), internal 
corrosion direct assessment (ICDA) and stress corrosion cracking direct assessment (SCCDA). Relevant 
standards are provided for reference in Table 4.
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Table 4 — Main types and references of direct assessment

Direct assessment method Reference

ECDA
ISO 15589-1:2015, Annex D
NACE SP0502
NACE SP0210

ICDA
NACE SP0206 (dry gas)
NACE SP0110 (wet gas)
NACE SP0208 (liquid petroleum)

SCCDA NACE SP0204

8.4.4	 Limitations of direct assessment

Each direct assessment method is tailored for implementing integrity assessment on one main risk (e.g. 
ECDA is mainly established for external corrosion) and requires users to follow the applicable standards 
in their entirety. Direct assessment shall only be conducted by competent personnel knowledgeable in 
the method. Results of in-line inspection can also be considered when doing direct assessment.

8.5	 Other assessments

The operator might consider alternative integrity assessment methods providing the alternative 
integrity assessment follows an industry-recognized methodology and is approved and published by an 
industry standards organization.

IMP techniques other than those published by standards organizations can be utilized. However, when 
utilizing a new technology, the operator should plan to ensure that it has demonstrated its ability 
to perform an adequate assessment and provide an equivalent understanding of the pipeline that is 
comparable to ILI, DA or pressure testing.

9	 Mitigation

9.1	 General

The results of assessments shall be used to determine whether the current prevention or mitigation 
measures are adequate and if necessary, to specify what additional measures are required to mitigate 
any unacceptable risks identified by the assessment including previously unidentified threats. 
Prevention and mitigation activities are designed to reduce the risk to an acceptable level by reducing 
the likelihood and/or the consequence of a failure.

The process of establishing and implementing effective preventive and mitigation measures requires 
suitable data collection, data integration and informational analysis within the IMP. Data integration 
and the subsequent analysis can identify additional threats requiring attention. Most importantly, local 
knowledge of the operational environment and the incident history around the pipeline components is 
necessary.

Mitigation measures can include a combination of physical design changes (e.g. wall thickness), 
processes and ongoing inspection, maintenance and repair programmes for pipeline and critical 
equipment.

In addition to routine maintenance, (e.g. inspection, maintenance and testing of mainline valves) 
common mitigation measures for different threats are shown in Table 5.
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Table 5 — Mitigation measures for different threats

A B C1 C2 C3 C4
Feared event 

(failure mode)
Root causes 

(potential): pipe 
body/welds/
components

Physical  
phenomenon/ 
environment

List of defects How to monitor How to mitigate

Immediate: flow 
restriction/
leak/rupture

Material Mechanical 
damage

Gouges Visually Pipe protection
Process Dents ILI Repair  

techniques
Future: flow 
restriction/leak/
rupture

Fluids Ovality NDT Quality control
Environmental 
factors

Vandalism  
(off-take)

Surveillance Identification
Communication

Human factors Depth of cover
Surveillance

External  
corrosion  
related

External  
corrosion

Visually CP
ILI Material and 

coating selection
NDT
Coupon Coating  

applicationSurveillance
ECDA Repair  

techniques
Coating repair
Pressure test

Internal  
corrosion  
related

Internal  
corrosion ILI Product quality

Erosion NDT Inhibitors
Coupon Material and 

coating selectionCorrosion  
product
Surveillance Coating  

applicationICDA
Repair  
techniques
Pressure test
Operational 
cleaning/pigging

Incorrect  
operation

Crack Visually Quality control
Buckling Leak detection Repair  

techniquesWrinkle SCADA
Hydrogen  
embrittlement

Pressure test Pressure  
derating

Seal failure Maintenance  
programGasket failure

Weld/pipe body 
flaws

Grinding ILI Quality control
Hydrogen  
embrittlement

NDT Repair  
techniquesVisually

Hardspot Pressure test

﻿

© ISO 2019 – All rights reserved� 47

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 19

34
5-1

:20
19

https://standardsiso.com/api/?name=877c8a92f099b621d4c87643fb540836


﻿

ISO 19345-1:2019(E)

A B C1 C2 C3 C4
Feared event 

(failure mode)
Root causes 

(potential): pipe 
body/welds/
components

Physical  
phenomenon/ 
environment

List of defects How to monitor How to mitigate

Planar Pressure  
reductionVolumetric  

imperfections
Cracks HIC Visually Pipe protection 

during  
transportation

SCC ILI

Fatigue cracks NDT Pressure reg-
ulation (cycles 
frequencies and 
amplitude)

SSC SCADA
Corrosion fatigue

Hook crack Coating repair
Temperature  
regulation
Repair  
techniques
Quality control
Pressure test

Weather related External  
corrosion

Visually Pipe protection
ILI
NDT
Coupon
Surveillance

Geologic hazard Dents Visually Pipe protection
Ovality ILI Repair  

techniques
Hook crack NDT Pressure test
Strain SCADA Dig

Surveillance

9.2	 Prevention of mechanical/third party damage

9.2.1	 General

Integrity management requirements shall include protection against third party damage is sufficiently 
low to be acceptable utilising physical measures installed during construction and procedural measures 
during operations to ensure that the risk of third party damage is sufficiently low to be acceptable. 
Pipeline design, as prescribed in ISO 13623, should ensure that the ultimate designs adequately cater 
for the operational ongoing requirements, including consideration of future urban development areas. 
They shall be reviewed regularly and updated as necessary.

9.2.2	 Physical measures during construction

Physical measures during construction operate as a barrier to the potential activity and are generally 
installed at construction. They are designed for the particular threat that is anticipated over the life of 
the pipeline. They are only barriers, and are not a guarantee of protection against excessive force from 
large machinery.
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9.2.3	 Depth of cover

High pressure pipelines are generally laid below the depth that most other utilities lay their equipment. 
This provides a significant amount of protection from other utilities in the vicinity of the pipeline, 
particularly from crossing services. The depth of cover is to be determined during the design for the 
environments that the pipeline will pass through.

Depth of cover can be increased by pipeline lowering or ground level rising. This can be necessary 
where new infrastructure, such as a new road or railroad, is being built over an existing pipeline.

9.2.4	 Pipe wall thickness

The pipe wall provides protection against third party damage by limiting the extent of damage rather 
than protecting against it. As the wall thickness increases the resistance to puncture increases.

The pipe thickness required should be determined during design to suit the environment that the 
pipeline will pass through.

9.2.5	 Concrete capping/barriers

Concrete capping/barriers can provide a high level of protection against impact from third parties by 
providing a physical barrier that protects the pipeline whilst providing a warning to third parties of 
the presence of an underground obstruction that requires investigation. Capping can also be designed 
to provide side protection against boring. The thickness and strength of the concrete is designed to 
protect against the identified threat, however it cannot protect against repeated impact. The concrete 
cap and side shields shall be designed so as not to interfere with cathodic protection.

9.2.6	 Marker tape

Marker tape can be laid during the construction phase in the trench but above the asset. The tape 
provides an early warning to third party excavators of the presence of the pipeline below.

9.2.7	 Pipeline markers

The operator shall install permanent pipeline markers to alert anyone approaching a pipeline right-of-
way of the presence of the pipeline. To be effective, the markers shall be visible in both directions at 
any point along the right-of-way and stand out from the surroundings. The signs shall be designed to 
promote pipeline awareness, identify the operating company and provide contact information including 
an emergency phone number. The signs shall instruct third parties not to excavate in the vicinity of the 
pipeline and shall be located where risk assessment has identified increased risks from potential third 
party interaction.

All physical measures employed at construction shall be maintained throughout the life of the pipeline 
and not removed without a clear ‘management of change style’ review.

9.2.8	 Procedural measures during operation

Procedural measures shall be applied as a result of risk assessment during the operational stage to 
provide information and guidance to third parties who might interact with the pipeline.

9.2.9	 Right-of-way maintenance

To enhance detection of the pipeline casement, an operator should maintain the right-of-way to be 
clear of obstacles such as under-brush, tall weeds, trees and canopy (where permissible). Keeping the 
right-of-way clear in this manner facilitates aerial surveillance, alerts land occupants and others to the 
presence of a pipeline corridor and increases the likelihood that anyone entering the right-of-way will 
see one or more permanent markers indicating the presence of an underground pipeline.
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9.2.10	 Public awareness

The operator shall establish a public awareness program to inform the public, utilities, contractors and 
other third parties of the dangers of excavating near a pipeline.

The operator shall provide methods of communication regarding the presence of the pipeline. As 
a minimum, a dedicated public phone number shall be available to allow contact from the public 
regarding activities that can impact the pipeline right-of-way or leakage from the pipeline. Other forms 
of communication channels can include websites or mobile messaging.

9.2.11	 Pipeline surveillance

The operator shall conduct surveillance of each right-of-way regularly using aerial patrol or other 
means, such as ground patrol, at a frequency to suit the identified risk.

When using aerial patrols, the operator should use a separate observer in addition to the pilot in order 
to improve effectiveness. Aerial surveillance with high resolution cameras can provide geo-referenced 
photographs of features identified along the right-of-way.

9.2.12	 Communication between operator and with third parties

The operator shall have a dedicated phone number for contact from third parties. Typically, this will be 
used for emergencies and contact from the field for other operational purposes.

Where one-call systems operate, the operator shall utilise the facility wherever practicable to ensure 
that third parties have easy access to pipeline information and are professionally managed through the 
liaison process.

9.2.13	 Locating and marking

The operator should determine if any known third-party excavation activities could affect one of 
the operator’s pipelines. Lines of communication should be established with the third party. If the 
excavation activities will encroach onto the operator's right-of-way, the operator shall locate the 
pipeline that could be affected and mark its location with temporary markings prior to the excavation 
work commencing. The operator shall have standard procedures for such activities and can require a 
pipeline inspector to be present on site throughout the activity.

Permanent and temporary markings shall indicate the location of the centreline and size of the pipeline 
or the sides of the pipeline (or pipelines if it is a multiple-pipeline right-of-way). The operator shall 
renew the markings if the pipeline becomes displaced by excavation or degraded with the passage 
of time until all excavation activity has ceased. Markings without physical or visual identification of 
the pipeline location should be considered advisory and no excavation shall occur until the location is 
verified.

9.2.14	 Site communication and monitoring of excavation

The operator, besides locating and temporarily marking the pipeline, shall establish a communication 
link with the excavator that might involve the following:

a)	 The exchange of names of contacts and phone numbers and agreement to have a designated 
observer from the operator present during relevant excavation activities.

b)	 The agreement of excavation schedules including that the operator’s observer shall be present 
when excavation is occurring within a specified distance of the pipeline.

c)	 The issuance of a written procedure for the excavator to follow that includes a distance-to-the-
pipeline limit within which non-mechanical excavating techniques should be used. The operator 
should provide direct onsite supervision of the excavation if the pipeline is to be exposed. Activities 
around any exposed pipe, including procedures and activities for back-filling the pipe that will 
avoid pipeline damage such as to the coating or any CP attachments, should be supervised.

﻿

50� © ISO 2019 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 19

34
5-1

:20
19

https://standardsiso.com/api/?name=877c8a92f099b621d4c87643fb540836


﻿

ISO 19345-1:2019(E)

9.3	 Corrosion control systems

9.3.1	 External corrosion

All new pipelines and their field joints shall be protected from external corrosion by using a suitable 
external protective coating system in accordance with ISO  21809 (all parts). An adequate cathodic 
protection system shall also be used, ISO  15589-1 shall be referred as minimum criteria for the 
application and use of CP to mitigate external corrosion of an onshore pipeline.

The operator shall determine the minimum level of protection that shall be maintained. CP levels 
shall be monitored to confirm that they are operating satisfactorily and providing suitable pipe-to-
soil potentials. At areas where potentials fall outside the required potential  level, the operator shall 
investigate the cause of the potential anomaly and mitigate it. Mitigation shall consist of bringing the 
CP levels into conformity either by making sufficient repairs to the coating, electrical cable connections 
and/or by increasing the current outputs of existing anodes/adjustment of the rectifier. The operator 
can also employ one or more of the ECDA techniques to enhance the mitigation of external corrosion of a 
given pipeline segment. Induced AC corrosion has become better understood and should be controlled. 
ISO  18086, ISO  15589-1, NACE  35110 and NACE  SP0177 provide information on the mitigation of 
induced AC corrosion.

9.3.2	 Internal corrosion and erosion

If the fluid being transported in a pipeline has the potential to corrode or erode the internal surface 
of the pipeline, the operator shall determine the nature of the corrosion and erosion that could occur 
within the pipeline and shall take adequate steps to mitigate it.

NOTE	 The most common form of internal corrosion is due to the presence of water and/or the deposition 
of sediment. These phenomena are not only a function of the fluid characteristics, but also a function of the flow 
velocity and the elevation profile.

The operator should monitor critical locations by installing coupons or electrical resistance-
monitoring devices or by directly measuring wall thickness to detect metal loss and by monitoring fluid 
composition. Erosion can also be monitored by acoustic methods. Mitigation steps can include, but are 
not limited to the following:

a)	 the injection of a suitable inhibitor or biocide;

b)	 frequent cleaning with cleaning tools to remove sediment and water;

c)	 maintaining a minimum flow velocity to minimize water and sediment dropout;

d)	 flushing dead-leg segments and valve bodies where fluid can be static and not influenced by general 
pipeline fluid flow;

e)	 temporary increased flow rates to flush out local accumulated liquid or particles;

f)	 erosion might be mitigated by filtering and/or reducing flow velocity.

9.3.3	 Stress corrosion cracking

SCC might be influenced by the following factors, which shall be considered in assessing the risk/
mitigation:

a)	 coating failures could lead to the formation of cracking environments;

b)	 prevention of contact between the electrolyte solution and the pipe surface of the steel;

c)	 adequate CP could mitigate SCC when the coating layer is damaged.

Fluctuating stresses can significantly reduce the threshold stress above which the SCC can occur.
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Elevated temperatures have strong accelerating effect on high-pH SCC. For near-neutral-pH SCC, 
temperature probably has little effect on crack growth rate but elevated temperatures can contribute 
to coating deterioration.

9.4	 Preventing or mitigating releases associated with weather and geophysical events

The operator shall establish prevention and mitigation plans against damage from weather and external 
forces. Such events can include but are not limited to the following:

—	 extreme cold;

—	 high winds;

—	 flooding;

—	 geophysical events, such as earthquakes, landslides;

—	 land erosion, or subsidence in their specific environment.

Prevention and mitigation activities that the operator should consider are:

a)	 inspection of drain valves and pipe extensions prior to cold seasons for water to eliminate freezing 
that could lead to failure;

b)	 shut down and, if feasible, purging pipeline segments that could be damaged by impending 
hurricanes or floods;

c)	 provision for movement of a pipeline to occur without damaging the pipeline at seismic fault 
crossings, unstable slopes, or areas of subsidence;

d)	 routine inspection of the pipeline right-of-way to identify and monitor areas of developing soil 
instability, landslides and subsidence;

e)	 conducting pipeline patrols as soon as feasible after the passage of severe weather, flooding, or an 
earthquake;

f)	 monitoring river crossings for unintended exposed pipe at crossings or riverbanks;

g)	 maintain GIS data for fault zones, land use, etc. for use in risk and integrity assessments;

h)	 land movement and pipe strain monitoring;

i)	 maintaining drainage and erosion control, such as:

1)	 diversion berms;

2)	 gabions;

3)	 ditch plugs; and

4)	 sub drains.

9.5	 Management of unintended releases

An IMP shall contain protocols for detecting leaks and for limiting the consequences in the event of an 
unintended release. Elements of the plan shall describe the means and procedures for:

a)	 minimizing the time required for detection of a release;

b)	 minimizing the time required to confirm and locate a release;

c)	 minimizing the volume that is released;
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d)	 minimizing emergency response time;

e)	 protecting the first responders;

f)	 protecting the public and limiting adverse effects on the environment.

The operator shall consider whether a leak detection system is necessary for the transported fluid and 
the environment through which the pipeline passes. The role of leak detection is to minimize the time 
required to detect leaks from a pipeline system. The type of system used shall be carefully reviewed 
to ensure that it meets the needs of the operator. API RP 1175 provides information for leak detection 
program management.

The operator shall select, install and maintain a system or systems appropriate for the length and 
size of the pipeline, the type of products within the pipeline and the release/spill scenarios for critical 
locations. The ability to detect a release of a certain minimum size and to locate where such a release 
has occurred will depend on the type of leak detection system or systems employed. Common leak 
detection methods and their characteristics are summarized in Table 6. Some leak detection systems 
are applicable only for hazardous liquid pipelines, such as the pressure point analysis system.

All real-time leak detection systems should be tied to the SCADA and operational monitoring systems 
and the operating personnel shall be trained and qualified to operate and interpret results of each leak 
detection system used.

Table 6 — Leak detection method examples

Method Locates  
release

Data sampling  
availability

Advantages Disadvantages

Periodic auditory, 
visual and olfactory 
inspections

Yes Periodic Simplicity Delayed recognition of 
leak between intervals. 
Can involve odorant 
injection

Mass/Volume  
balance

No/yes? Intermittent based on 
comparison time

Simplicity Transients tend to 
cause false alarms

Dynamic flow mod-
elling

Yes if analysis 
is done

Continuous even when 
transients are present

Best method to detect 
small leak rapidly

Complexity and cost

Tracer chemical Yes Can be either continu-
ous or one time

Accurately locates 
small leaks

Needs to add something 
to the product and re-
quires air sampling

Leak detection cable Yes Continuous Accurately locates 
small leaks

Next to impossible to 
retrofit to an existing 
pipeline

Shut-in leak detec-
tion

No Periodic Simplicity Requires shutting off 
flow and accurate pres-
sure monitoring

Pressure point 
analysis

Yes, if multiple 
points used

At the sampling rate 
except during tran-
sient operation

Simplicity Not suitable for large 
pipelines or compressi-
ble fluids

Acoustic leak detec-
tion

No Continuous    

NOTE   There are some advantages in employing a combination of these methods.

9.6	 MAOP reduction

A reduction in operating pressure can be used to reduce the risks associated with threats to pipeline 
integrity, that are dependent on hoop stress, such as metal loss, SCC, mechanical damage, or the growth 
of an anomaly through pressure-cycle-induced fatigue. A pressure reduction can be either permanent 
or temporary. The safe operating pressure for the defect shall be determined by an engineering 
assessment and documented and advised to the pipeline controllers.
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If the operator is unable to meet repair or reassessment schedules, the implementation of temporary 
pressure reductions shall be considered. For time-dependent threats, such as corrosion, other risk 
control measures shall be applied in parallel with a pressure reduction. The operator shall ensure that 
the determined MAOP provides a suitable factor of safety.

The MAOP shall not be increased without a documented engineering assessment that demonstrates the 
pipeline is safe to be operated at the revised pressure.

9.7	 Emergency response

To limit the consequences of a release, the operator shall provide a rapid and effective response 
applicable to the circumstance. For a liquid pipeline, physical barriers might be appropriate to limit the 
spread of released product and to recover as much of the product as possible.

The operator shall update the emergency data, which are listed in 12.1.3, periodically. Emergency 
exercises covering several scenarios shall be carried out periodically to train response personnel, to 
test response equipment, to improve procedures and verify response capability. The operator shall 
evaluate its response after any exercise or emergency to identify opportunities for improvement.

Agencies, such as law-enforcement and fire-fighting agencies, should be informed of and considered for 
participation, in any emergency response exercises.

The requirements and description of emergency response and failure management are specified in 
Clause 12.

9.8	 Defect repair

9.8.1	 General

Anomalies that are assessed as unacceptable defects at MAOP, through an integrity assessment shall be 
repaired or the MAOP shall be reduced to provide an appropriate level of safety.

The objective of repair is to ensure that the repaired pipe is fit for service at the designed MAOP over 
the remaining pipeline life. The repair shall provide for sufficient structural integrity to withstand all 
the identifiable forces to which the repaired area can be subjected during operations, including the 
MAOP and cyclic pressure fluctuations and with an acceptable safety margin in accordance with local 
practices, regulations and standards.

Repairs can include:

a)	 grinding to remove stress concentrators;

b)	 excavation and relocation to remove strain;

c)	 sleeving or clamping to improve pipeline strength;

d)	 sleeving to remove hoop stress from the carrier pipe;

e)	 pipeline excavation and relocation to remove deformation strain.

9.8.2	 Repair strategy

The repair strategy shall address, but not limited, to the following:

a)	 pipe material;

b)	 pipeline operating characteristics;

c)	 pipeline configuration;

d)	 pipeline location;
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e)	 nature and severity of defects;

f)	 repair material options;

g)	 hazards to staff.

Where an anomaly is found to be unacceptable, a temporary MAOP can be required until a permanent 
repair can be carried out. A temporary repair can enable a higher MAOP until a permanent repair can 
be completed. The MAOP will be set by engineering calculations and will be documented.

Temporary repairs can be necessitated for operating purposes. Such temporary repairs shall be 
approved and made in a safe manner, be documented in the IMP and be in accordance with sound 
engineering principles and any other established operator procedures and practices. Temporary 
repairs shall be made permanent or replaced in a timely manner.

The repair strategy shall conform to an approved procedure and technique. Permanent repairs shall be 
designed to be suitable for the long-term operation of the pipeline at the designed MAOP.

Permanent repairs shall be made to a pipeline subject to the following conditions:

a)	 The internal pressure has been reduced to a level to ensure safety during the repair operation.

b)	 When necessary, the impact of grinding in the area containing the defect shall be assessed.

c)	 Safety procedures and precautions are followed in accordance with approved procedures and/or 
recognized practices.

d)	 Cutting and welding procedures shall ensure that pipe walls are not reduced in thickness or 
weakened.

e)	 Where a section of pipe containing a defect is replaced, the replacement pipe shall be pre-tested 
and its properties verified such that the integrity of the pipe is not less than that of the section 
to be replaced. The repaired section, if applicable, shall not impede any future cleaning or in-line 
inspection operations.

f)	 Pressure-bearing repairs shall not reduce the established MAOP of the pipeline.

g)	 The use of mechanical devices, other than full-encirclement welded sleeves to repair pipeline 
defects, shall be documented for type, installation and pressure rating. The operator installing such 
devices shall use trained and competent personnel to conduct the installation and testing work.

The use of reinforcement sleeves or mechanical devices for permanent repair of pipeline internal 
corrosion defects is not recommended as the passivation of internal corrosion cannot be guaranteed.

9.8.3	 Repair method selection

The applicability of the repair methods to various types of defects should reference CSA  Z662, 
ASME B31.8S, API RP 1160 or other suitable standards or recommended practices.

Repair practices of the operator shall include processes for the selection and approval of acceptable 
defect repair methods, as well as measures of effectiveness, feasibility and availability, cost and 
convenience.

Replacement of line pipe to remove multiple defects in one operation shall be considered where multiple 
severe defects exist.
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9.8.4	 Factors in repair planning and execution of repair activities

The following factors, as a minimum shall be included in the planning and execution of repair activities:

a)	 MAOP during repairs: The safe operating pressure for the pipeline defects shall be calculated. 
Prior to excavation, the operating pressure shall be reduced by a safe margin below the recent 
experienced pressure at the defect position.

b)	 Positioning: GPS using ILI information is preferable to locate and document excavation position. 
Joint numbering can also be used for position reference of the repair.

c)	 Excavation site: This refers to excavation location for the repair of identified pipes. The maximum 
allowable length of unsupported pipe should be calculated by relevant personnel to conform to the 
length restriction as permitted by the procedures and practices of the operator.

d)	 Confirmation: The pipes to be excavated shall be confirmed as the targeted pipes for repair using 
such references as pipe length, clock position of defects and clock positions of upstream and 
downstream girth welds.

e)	 Validation: Where practical, the effectiveness of the assessment method and its data sources 
should be confirmed through direct examination and/or inspection practices prior to repairs being 
carried out.

f)	 Inspection: Inspection of all repairs carried out shall be completed prior to backfilling.

g)	 Re-coating: All pipe, repairs and fittings shall be recoated with an appropriate coating to provide 
corrosion protection. The re-coating of all repairs carried out shall be completed prior to backfilling.

h)	 Backfill: Procedures and measures shall be followed to avoid pipeline damage and subsidence 
during backfill activities after the repair is completed.

i)	 Documentation of repair activities: Records should include details of the activities listed in items 
a) to h), including coating condition as found, surface preparation method, extent of corrosion 
damage, repair method used and details of re-coating applied.

9.8.5	 Considerations of in-service pipeline welding

The following measures shall be considered for in-service welding activities used as part of pipeline 
repairs:

a)	 development of in-service welding procedures to suit the field welding conditions;

b)	 depressurization of gas pipelines by reducing inventory (which is preferred over venting);

c)	 preheating before welding;

d)	 avoidance of welding damage, such as arc burn, burn through by inadequate heat input control, 
electrode size limits; and

e)	 prevention of hydrogen-induced cracking.

10	 Performance measurement and improvement

10.1	 General

The integrity program shall be periodically reviewed, at least annually, to evaluate the adequacy of the 
IMP’s processes, the extent of implementation and the effectiveness in achieving the intended results. 
The operator shall identify goals and objectives for its IMP. As part of the continual improvement 
process these goals and objectives shall be adjusted accordingly. To facilitate the integrity program 
evaluation, the operator shall use performance metrics and audits. The results of the performance 
metrics and audits shall be regularly reviewed by both the IMP personnel and by management to 
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evaluate the IMPs adequacy, implementation and effectiveness. This review will provide feedback for 
continual improvement of the IMP, which can include recommendations for corrective and preventative 
actions if deficiencies are identified.

10.2	 Performance measurement

10.2.1	 The operator shall develop performance measures to enable the evaluation of IMP results. The 
measures shall be a combination of leading and lagging measures. Leading measures are proactive, 
for example number of ILI features excavated and provide an indication of how the IMP plan would 
be expected to perform. Lagging measures are reactive, for example number of leaks and provide an 
indication of the outcome of the programme and illustrate the IMP performance. The performance 
measures shall evaluate the representative sections of the IMP.

NOTE	 ASME  B31.8S and API  RP 1160 provide examples of performance measures. An example of 
performance measurement is also shown in Annex E.

10.2.2	 The operator shall evaluate the performance measure results at least annually and the analysis 
shall identify any trends and areas for improvement. The operator shall compare the performance 
measure results between different segments in the same pipeline system or different pipeline systems 
in different areas. The information obtained shall be used to evaluate the effectiveness of preventive and 
mitigation actions or overall IMP and to analyze and identify the improvements. The operator shall also 
compare its results with industry benchmark trends to identify areas for improvement.

10.2.3	 A formal performance measurement report shall be prepared including the results, 
recommendations and requirements for improving performance. Results of performance measurement 
and the benefit of the integrity management programme shall be communicated to relevant stakeholders.

10.3	 Management review

The operator shall develop a process to conduct annual management reviews of the performance 
results when reporting the operator’s goals and targets. The management review will identify areas for 
continual improvement of the IMP.

10.4	 System audit

10.4.1	 An audit of the IMP shall be conducted on a minimum 5-year basis to enable the operator to 
identify any non-conformances with the adequacy, implementation and effectiveness of the IMP. The 
audit shall be conducted by an independent third party or by the operator using persons independent of 
the development and implementation of the IMP.

10.4.2	 Any findings of non-conformance shall be documented and corrective actions shall be proposed, 
implemented and monitored.

11	 Data management

11.1	 Data acquisition

11.1.1	 Data acquisition content

Pipeline integrity management shall cover the entire life cycle of a pipeline. Data sources for pipeline 
integrity management include information relating to design, materials, construction, commissioning 
activities as well as for operating, maintenance, repair and abandonment data. Data resources also 
contain survey records, environment data, social resource data, failure analysis, emergency plan, etc.
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Annex  F provides data categories and a suggested data acquisition process for pipeline integrity 
management. Not all pipelines will need all the data categories as in Annex F.

The operator shall gather and maintain the necessary data for adjacent areas for consideration of 
integrity management, particularly items that impact pipeline integrity threats and failure consequence 
assessment. The operator shall determine and establish distance ranges required for each category 
based upon failure consequence (e.g. the rupture of a gas pipeline might be within an impact distance of 
400 metres). Figure 5 provides an example.

Key
1 is the pipeline centreline
A external parallel pipe, cable, urban heat pipe, high voltage power lines, marker, soil, etc.
B crossing highway, railway, external pipe, cable, water pipe and other public facilities, hydraulic
C populations and buildings, land use, rivers, lakes, etc.
D fault line, seismic zone, regional risk activities
E roads can be used in emergency response

Figure 5 — Data acquisition range

11.1.2	 Data acquisition method

11.1.2.1	 Centreline measurement

A baseline centreline survey shall be developed during pipeline construction and completed before 
backfill. The surveyed pipeline coordinate points shall include, but not be limited to, elevation, the 
depth of cover measurement, and reference to the pipeline girth weld 12 o’clock position, bend corner 
points and intersections with other infrastructure such as roads, railways, other pipelines, waterways, 
buildings, etc.

NOTE	 ISO 13623 provides guidance on construction surveys.

During operation and maintenance activities, the operator shall maintain and update survey data as 
appropriate. For pipeline sections where a pipeline locator or ground penetrating radar cannot be used, 
an alternative survey or data analysis should be used to establish the local centreline and documented.

Where a pipeline is re-aligned, the new centreline shall be established and pipeline records shall be 
updated accordingly to form a new baseline.

11.1.2.2	 Data acquisition for pipeline facilities and landbase

Information of the pipeline facilities and landbase shall be obtained during the pipeline construction 
phases as part of the survey and digital pipeline data collected. During the pipeline construction phase, 
the operator shall consider gathering information of surrounding geographic features and other assets.

Data acquisition should include digitization activities such as the transfer of paper records formed 
during construction and operating periods into the pipeline integrity management system. Such 
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records can include: sourcing and quality records, operating records, repair records, examination and 
construction source records and maps or remote sensing images.

11.1.3	 Data alignment

Pipeline data shall be aligned according to surveyed results which can include joints, girth weld 
number, or other unique reference in geospatial reference coordinates. The description of the pipeline 
properties should align to girth weld number. Where GIS is not applicable, pipeline ancillary facilities 
and surroundings information should be aligned to a referenced land mark, such as a permanent 
marker, or specific geographic references.

Data shall be aligned with construction data and operational integrity data. The basis for alignment 
will vary according to the accuracy and type of data.

The baseline alignment of construction and operational integrity data shall confirm to the following 
requirements:

a)	 A baseline alignment shall be completed that defines the centreline reference. This baseline 
alignment shall be from original construction surveys or from aligned mapping data from 
intelligent inspection.

b)	 If internal inspection is carried out, alignment shall be referenced to internal inspection 
circumferential weld number. If internal inspection is not done, the centreline data alignment shall 
be based on surveying. Where gaps in accuracy of the survey record are identified, the operator 
shall update the centreline reference using external inspection and supplemental surveys.

NOTE	 Internal inspection using mapping methods can generate direct centreline data with high precision. 
Internal inspection data will lead to future alignment of external inspection data to internal inspection mapping 
data such as efficient matching of locations of anticorrosive coating defects and pipeline defects.

11.2	 Data transfer

Pipeline data shall be transferred to operator prior to hand over from the construction phase. The operator 
shall establish a system and transfer procedure to ensure accurate data is available for initial operations. 
The operator shall resolve discrepancies in data through the use of ILI, external inspection, etc.

Pipeline facility data shall be submitted in either digital or hard-copy format. Among them, centreline 
data shall be submitted in standard format. An example is shown in Annex G.

11.3	 Data integration

11.3.1	 General

The data management system shall enable data integration and inquiry. Data integration generally 
refers to the process of utilizing two or more data sets to identify conditions of interest on the pipeline. 
In more advanced applications, data integration processes can include computer applications that 
spatially align and correlate the available data along the pipeline with predetermined criteria and rules.

NOTE 1	 Data set examples include ILI, CP annual survey, close interval survey, depth of cover and electronic 
flow restriction device locations.

NOTE 2	 Data integration examples include comparing the results of a CP survey with an ILI run to identify 
where metal-loss corrosion corresponds to poor CP protection.

11.3.2	 Data integration requirements

Various data elements used to assess the consequence of a threat and its likelihood might change with 
time. The need for these changes can be caused by various factors including modifications to operating 
practices, changes in land use, pipe properties, reroutes and new lines, as well as changes in pipeline 
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surroundings changes due to encroachment. The operator shall have management practices that ensure 
that data used for risk assessment is accurate and current.

The operator shall provide ways to update data content and means to validate and check updated data. 
Any automated calculations and/or management discussions shall use updated and validated datasets.

Data integration requirements should include the following specified elements:

a)	 Storage checking: Stored data should be routinely validated to ensure consistency and its integrity.

b)	 Update of data content: All changed asset information, e.g. coating or replaced pipeline sections, 
shall be collected and stored including information relating to the local environment and other 
assets in the vicinity. The integrity management system should be updated as necessary and will 
utilize the data.

c)	 Update checking: Periodic checks should be made to ensure that the data is current. Where urban 
growth has or will occur, checking should be more frequent.

d)	 Version management: All updates shall identify version details and these data comparison 
of historical data with current data shall enable changes to be assessed in the asset and the 
surroundings.

e)	 Data modification rule: Modifications of the pipeline system data shall be subject to a management 
of change procedure that shall address the continuing safe operation of the pipeline system. 
Documentation of changes and communication to those who need to be informed is essential.

The modification of pipeline centreline requires a procedure for examination and approval. Updates 
should be managed to ensure data’s safety and efficiency.

Base data prior to updating should be retained for information.

12	 Pipeline integrity management within emergency response planning and 
failure management

12.1	 Emergency response planning

12.1.1	 General

Emergency response planning plays a crucial role in ensuring an organization is ready to act and is able 
to sufficiently deal with emergency situations on its pipeline network. Pipeline integrity management 
is designed to control the risks of failure by managing the pipeline and its environment throughout 
its life. No method can be considered 100 % successful with human error since third-party risks and 
severe natural events can defeat the control barriers that are in place. Emergency planning is therefore 
necessary to prepare for and minimise the consequence of a failure.

The IMP process provides valuable information that shall be used when emergency response plans are 
developed. Integrity management personnel shall be included in the emergency response organization 
to provide known information of the threats, consequences and conditions of the pipeline assets.

12.1.2	 Emergency plan preparation

Emergency planning is focussed on logistical and command activities; however, the planning is 
supported by proactive assessment of the pipeline risks and environments. All pipeline events shall be 
reviewed and assessed during the planning phase; however, catastrophic events shall be given extra 
attention due to their potential impact.

The operator shall identify pipe segments involving critical consequence areas (see 6.6.2) and 
prepare targeted emergency plans for such segments. The operator shall identify potential failure 
types, their consequence and the environment involved to enable specific response preparedness 
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measures to be implemented for those locations. These measures can involve operational pipeline 
shut-down procedures, 24/7 duty call, specialist materials, equipment and contractor on-call stand-by 
requirements and consider locational challenges and local regulatory requirements.

12.1.3	 Preparation for emergency data

The operator shall prepare technical records, documents and drawings required for the emergency 
planning. Access to such documents shall be readily available to the response team and can include:

a)	 Drawings of pipeline routing, isolation valve locations and operability (automatic or manual), 
CCAs (environmental, culturally significant, high population, waterways, etc.), images or maps of 
surrounding pipelines and a pipeline elevation profile (critical for considering potential pipeline 
liquid draining volumes). GPS coordinates of critical intervention points to communicate to 
emergency response units are crucial. Mapping of water-body velocities and their seasonal changes 
along the pipeline route will also aid in determining the potential location of the spill after time-
zero of the event.

b)	 Operating parameters include product properties within the pipeline, typical pipeline operating 
temperature, pressure and flow, delivery requirements, compression/pumping/flare options, etc.

c)	 Emergency preparedness exercises are crucial in training operator response teams to the various 
threats. They also offer a valuable opportunity to identify gaps in the emergency response 
planning. Detailed verifiable field scenarios are best practice allowing for understanding for 
potential issues that could occur in a real event. Involvement of upper management and media 
relations personnel shall be incorporated to assess the readiness of the different units within the 
operator's organization. Debriefing and summarizing the findings and the creation of an action 
plan to address the findings are keys for continual improvement for emergency preparedness and 
event management. Performing emergency response exercises in collaboration with peer group 
companies are beneficial due to shared practice and learning opportunities.

The operator shall determine the threat from product release upon the surrounding areas at any 
point along the pipeline, based on pipeline imagery, maps, hydraulic and geologic conditions. The 
emergency plan shall outline any special measures prepared or required to contain the threat and for 
the coordination of the emergency response teams and liaison with downstream and upstream parties.

12.1.4	 Emergency response

In case of an emergency, the operator shall have an emergency organization structure that can deal 
with emergency situations. Shutting down the affected pipeline or segmenting the affected section by 
closing block valves shall be considered. The operator shall follow its emergency response program 
that deals with emergency planning zones to determine whether warning alarms or evacuation is 
appropriate for the affected population. A few variables involved with creating an emergency planning 
zone can include type of product transported, the release location and the surrounding population and 
environment data related to the pipeline.

For pipelines for liquids, the diffusion path and potential pollution should be taken into consideration. 
The operator shall determine the nature of the threat to surrounding waters possibly affected by product 
release, based on pipeline imagery, maps, hydraulic and geologic conditions. Timely coordination and 
reporting will include the release time and the locations of threatened areas. Reporting to the emergency 
rescue team should include instructions for on-site liquid recovery and capture operations where 
relevant. The use of the surrounding water velocity information is extremely useful in setting up multiple 
containment areas downstream of the water source to limit the area of impact on the water body.

Often, the integrity team will not be involved directly with the initial ground efforts to control the 
situation. However, they will play a key role in reviewing available pipeline data close to the reported 
failure location to determine if any known indication previously was detected via monitoring or 
inspection data. Feature information from database records may be used to identify possible leakage 
points, which in turn assists with equipment preparation for the response crews.
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12.1.5	 Emergency response management system review

A performance review of the emergency response shall be completed with a focus upon the management 
systems, procedures, policies and activities relating to integrity management, response management 
and personnel competence. Prior emergency preparedness requirements should be reviewed and 
assessed against actual usage for continual performance cycle.

12.2	 Failure management

12.2.1	 General

Where a pipeline has failed, the failure segments shall be either removed from service or mitigated via 
an approved engineering approach. Where the cause is not obvious, the segment shall be forensically 
analyzed as per 12.2.2. The failure analysis report shall be made available to the incident investigation 
team and integrated into the IMP review.

The operator shall analyze the root causes of all pipeline integrity events that cause or can cause loss of 
containment, including management system changes that can have contributed to the incident. These 
events can include: auxiliary equipment failure incidents due to leakage, status of pipelines failing to 
meet expected operational functions as a result of pipeline defects (fatigue or erosion, etc.), status of 
design requirements or loads that are beyond expectations as a result of any third-party construction, 
natural and geologic disasters, or other external factors. Several methods currently exist both 
commercially based and within the operator' organization. Examples are bow-tie assessments and 
fault-tree analysis.

Failure management shall analyze both the root causes and contributing causes. This analysis can 
involve: analysis of the emergency response effort, failures related to non-documented changes in 
management systems and reviews of any identified weaknesses in the integrity program that led to the 
failure occurring.

12.2.2	 Failure analysis

The operator shall develop a failure analysis plan specifying the required test and investigation 
methodology to be used for typical failures according to best known practices and expertise available.

Background information to be included in the analysis shall be identified. Such information shall 
include, but is not limited to the following:

a)	 condition of pipeline segments or station equipment, based on inspection reports;

b)	 operating record of the pipeline or station equipment, including pressure measurements, 
temperature measurements and properties of the product medium;

c)	 maintenance and failure records of pipeline segments or station equipment;

d)	 material selection, manufacturing methods and thermal treatment history of pipeline segments or 
station equipment (as well as acceptance/commissioning test results); and

e)	 prior risk assessment.

12.2.3	 Incident investigation report

The incident investigation report shall be prepared by competent personnel within the operator’s 
organization, including at least one individual with approval authority of procedures. Personnel for the 
incident investigation and analysis shall possess professional competence required for investigating 
incidents (e.g. incident investigation training) and be capable of understanding the technical process 
of how the equipment functions. In cases of complex investigation or where experience is not present 
within the operator's organization, third party experts should be considered to assist as necessary. 
The extent of the incident investigation and analysis shall be determined from the complexity of the 
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incident and its severity. The senior management staff of the operator shall play an active role in the 
management of investigations into major failure incidents.

The incident investigation report shall include, but is not limited to the following:

a)	 background and introduction:

b)	 incident investigation results;

c)	 incident discussion and lessons learned;

d)	 conclusions and recommendations.

The operator shall fully implement improvement measures as raised in the incident investigation report 
to avoid future incidents of a similar nature. The operator shall also review the performance level of the 
IMP through analysis using the incident data and other data of known incidents.

12.2.4	 Remedial and preventative measures

The operator shall prepare and implement remedial or preventative measures to remove the threat 
of a repeat incident, including any specific lessons learned relating to the failure recovery phase. 
Such measures should include, but are not limited to, a risk assessment on measures taken including 
procedures for corrective and preventative measures, as well as the implementation of a tracking and 
monitoring system on the remedial and preventative measures put in place to ensure root causes of the 
incident are mitigated.

The implementation plan of corrective and preventative measures shall meet at a minimum the 
following requirements:

a)	 specific timeline for implementation with a designated action owner;

b)	 process for monitoring the close out of recommendations at a management level;

c)	 existence of creation of relevant procedures for the corrective and preventative measures proposed.

12.2.5	 Failure recovery prior to restart

The operator shall carry out an engineering assessment of the failed pipeline section to confirm that 
any other indications which are identified as having the potential to induce further failures have 
been addressed and that the risks and/or consequences have been mitigated in accordance with the 
IMP before a restart of the pipelines. The decision to restart the pipeline and the analysis shall be 
documented and take into account the requirements of the local regulatory body.

The operator shall collect all the documents related to emergency measures taken, including all records 
of changes to pipelines due to the emergency response as according to 12.1 and all analyses of the 
trends of failure as per failure statistics.

12.2.6	 Trend analysis of pipeline incidents and causes

The operator shall perform statistical analysis and track trends of incidents either by itself or by 
participation in relevant organizations, to provide basic data to contribute to the effectiveness of 
pipeline integrity management. The incident data collection shall be made to comprehensively meet 
relevant requirements to ensure data validity and accuracy. Incident data shall be recorded in a 
consistent manner to aid in future comparison analysis. Competent personnel shall perform the 
statistical analysis including a review and documentation of the quality of data, such as to minimize the 
use of suspect data in the analyses.

Incident data trend analyses shall include as a minimum: incident classification types, causes 
classification types and common calculations of the magnitude or scale of the incident effects. Example 
for incident data collection is shown in Annex H.
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The designated competent personnel or group that performs the statistical analysis shall make periodic 
analyses (every year or every five years) on any trends of pipeline incidents using broader data sets as 
available. Trend analyses can be divided into overall trend analysis and trend analysis for any certain 
type of incident.

13	Pipeline remaining life assessment and abandonment processes

13.1	 General

At a point in the pipeline’s lifecycle, the pipeline might enter a stage where the increase of risk factors 
exceeds the practicality and ability to mitigate those risks, such as high operational risks from a large 
number or density of growing corrosion defects that cannot be repaired in a timely manner. Should 
such a situation occur, a pipeline life assessment should be carried out.

A pipeline life assessment is required to verify that the ongoing risk of running the pipeline with 
respect to public and environment safety is still lower than the acceptable risk, while still meeting any 
economic targets of the operator.

A pipeline life assessment shall also be performed if the pipeline operational life exceeds, or would 
exceed the original design life, or if the economics of the pipeline operations becomes unfavourable 
following upstream or downstream changes in pipeline operation.

An effective pipeline life assessment should include, but is not limited to, the following aspects:

a)	 pipeline integrity assessment;

b)	 risk assessment;

c)	 economic life assessment;

d)	 physical life assessment;

e)	 effective life (safe and economical operation life) assessment;

f)	 mitigation or re-inspection suggestions for risks related to use of life extension, e.g. suggestions 
about safe operating pressure (optional);

g)	 review of the applicability of operation and the maintenance procedures, the emergency response 
procedures and the safety and environmental program (optional);

h)	 assessment on nonconforming items against current law, regulation or standard;

i)	 analysis of any changes to the specifications for design, pipe manufacture and construction.

Repair measures required to mitigate any future hazards shall be developed as necessary. 

Pipelines that have been idle can be re-used or re-designed for other purposes (see 13.4).

If a pipeline life assessment could not demonstrate that a pipeline can run safely and economically, 
the operator shall consider decommissioning, abandoning or down rating the pipeline pressure. 
Conversely if a pipeline life assessment is used to demonstrate that the pipeline is able to run safely and 
economically at a higher operating pressure, it can be uprated.

13.2	 Pipeline remaining life assessment process

13.2.1	 General

The process for a pipeline remaining life assessment is illustrated in Figure 6.
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Early in the pipeline lifecycle, an integrity assessment shall be performed. The requirements for data 
collection, risk assessment and pipeline integrity assessment methodology shall be followed. The 
integrity assessment, economic life assessment and risk assessment shall be compiled to provide an 
initial baseline pipeline remaining life assessment.

During the pipeline lifecycle should an integrity assessment indicate increased risk factors, the pipeline 
physical life determination, the economic viability and an updated risk assessment shall be developed 
by the operator to determine whether the pipeline should continue to operate, be down rated or be 
abandoned.

In the case of a pipeline having specific physical issues, those results shall be considered as the dominant 
factors for decision making. Otherwise, the minimum values of physical and economic life should be 
used to determine the remaining life of the pipeline. The pipeline risk assessment might provide the 
operator with strong technical support for remaining life considerations, whilst the ongoing costs of 
integrity requirements might impact the economic life considerations.

If the pipeline remaining life assessment indicates that the pipeline is still viable for ongoing operation, 
any necessary pipeline repair and maintenance activities shall be scheduled and performed in a timely 
manner. A further pipeline remaining life reassessment shall also be scheduled, at an interval based 
upon the key factors of the pipeline remaining life review, to support continuous safe pipeline operation.

If the pipeline remaining life assessment results indicate that the remaining life of a pipeline is zero, 
then the pipeline shall be abandoned.
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Figure 6 — Process for pipeline life assessment

13.2.2	 Data collection

The following data is required for a pipeline life assessment:

a)	 Design: Grade and type of steel pipes, performance index, wall thickness, pipe diameter, design 
pressure, CP system information and coating information; initial design standard and specification, 
including version number and date of publishing.

b)	 Product properties: Physical and chemical properties, including density, viscosity, solidifying point, 
wax content, components, impurities, water cut, etc.

c)	 Manufacture and installation: Industrial welding methods and processes, mode of pipe laying, field 
welding methods and processes, buried depth, field non-destructive test.

d)	 Commissioning: Commissioning and bulge testing records.

e)	 Operating data: Historical records of pressure, flow and temperature; historical records of 
corrosion detection, leak detection, safety forewarning system, corrosion monitoring and record of 
use of chemicals.

﻿

66� © ISO 2019 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 19

34
5-1

:20
19

https://standardsiso.com/api/?name=877c8a92f099b621d4c87643fb540836


﻿

ISO 19345-1:2019(E)

f)	 Inspection results: In-line, direct assessment and CP surveys including details of inspection method, 
inspection frequency, inspection results, such as size and distribution of corrosion, welding defect, 
crack or coating defects, stress or strain, etc.

g)	 Integrity assessment results: Historical records of pressure bearing capacity of all types of defects, 
number of unacceptable defects, repair and maintenance suggestions, suggestions for re-inspection 
intervals.

h)	 Failure statistics and analysis: Mode, causes, likelihood or consequence of failure, hydro-blasting 
experimental results, analytical results of the true failure of steel pipes.

i)	 Historical records of repair: Overhaul records of coating, repair method and time for all types of 
defects.

j)	 General inspection results: Records of settlement, crossing inspection and other third-party events.

k)	 CCAs identification: Current changes and future.

l)	 Risk assessment results: CCAs segment information.

m)	 Historical finance data: Transportation revenue, transportation cost, the original value of the fixed 
asset and the increasing value for the pipeline system, the original value of the pipeline, the newly 
increased value of the pipeline (fixed assets counted in route section due to overhaul, updating 
or renovation), pipeline maintenance cost (route maintenance cost, wax clearing fee and pipeline 
cleaning fee, patrolling fee, flood protection fee, barrier removal fee and safety protection fee).

n)	 Future expenditure data: Costs of abandonment/decommissioning efforts.

NOTE	 The above data is not an all-inclusive list; other data sets can be required as determined by the 
operator’s integrity management practices and the pipeline’s circumstances.

The most recent verified data should be used to ensure the accuracy of the resultant analysis data used 
for reporting and data sharing.

13.2.3	 Pipeline segmentation

For long-distance liquid and gas transportation pipelines, individual pipeline segments can have distinct 
differences on the likelihood of failure and consequence in the risk evaluation, due to the differences 
in manufacture, installation and surrounding environmental factors. The operator shall therefore 
segment and assess the pipeline segment according to logical factors. Pipeline segmentation shall utilise 
data including: variations to operating condition, failure history, unacceptable defect density, material 
performance, and operation pressure, pipeline running time and risk assessment results. For industrial 
applicability, the pipeline should be divided into a number of segments based upon the station length.

13.2.4	 Integrity assessment

Any integrity assessment shall follow the practices as stated in Clause  8. An ILI-based integrity 
assessment method is preferred however direct assessment and pressure testing can be used as an 
alternative. Additional assessment methods can also be considered including:

a)	 review of the historical operation records;

b)	 detailed assessment of the integrity of the pipeline system;

c)	 failure mode and cause analysis;

d)	 analysis and testing of steel pipe and weld quality;

e)	 change of pipeline process;

f)	 recommendations for safe operation and management.

﻿

© ISO 2019 – All rights reserved� 67

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 19

34
5-1

:20
19

https://standardsiso.com/api/?name=877c8a92f099b621d4c87643fb540836


﻿

ISO 19345-1:2019(E)

13.2.5	 Physical life determination

13.2.5.1	 Key index method

After the assessment of the pipeline integrity conditions, a key index method should be adopted to 
determine pipeline physical life, where other appropriate assessment methods can also be used and 
where technical conditions and data availability permits.

The key index method, which is based on inspection and assessment data, uses key factors that affect 
the life of a pipeline through subject matter expert review and assessment. This method details the 
pipeline integrity and is used to determine the likely pipeline availability and in-service risks.

Specifying a key technical index is a requirement in assessing the pipeline physical life, and investigates 
the following:

a)	 Unacceptable density of defects (defect distribution should also be considered).

b)	 Unacceptable defect density in identified critical consequence areas.

c)	 Reparability of unacceptable defects: Consideration should be given to the repair method and the 
timeliness of repairs, the repair workload and the economic justification of repair. The likelihood 
of failure after any repair measures should reduce the risk of failure to an acceptable level. Where 
repairs are not permitted or possible, unacceptable defects shall be considered irreparable and 
the mitigation of the risk shall require other mitigation measures. Comparisons of costs across 
different time periods should account for the time value of capital expenditure.

d)	 Whether pipe materials and performance of welds (parent metals and strength, plasticity or 
ductility of welds) meet relevant standards.

e)	 Whether pipelines have time-related defects that cannot be maintained or repaired and are found 
to introduce an increasing likelihood of failure.

f)	 Pipelines that are unsuitable for conventional inspection (e.g. serious wax deposit or insufficient 
flow) that cannot be maintained or repaired and are found to have a greater likelihood of failure.

g)	 Assessment results for changes in pipeline operational process conditions (transportation 
temperature and medium, etc.) indicate that the pipeline cannot satisfy safe operation requirements 
and there is greater likelihood of failure.

h)	 Ineffective corrosion resistance from coating failure e.g. failure of aging coatings, disbonded 
sleeves, ineffective CP.

i)	 Likelihood of failure of all segments within the pipeline: In the case that the likelihood of failure 
exceeds the acceptable risk level and recent likelihood of failure increases abruptly, the situation 
shall be considered unacceptable.

j)	 Conformity of the operation and integrity of transportation pipelines to relevant pipeline laws, 
regulations and standards.

k)	 Whether demands of transportation of liquid and gas resources match the pipeline’s practical 
transportation capacity.

If one or more of above technical indexes could not satisfy the requirements for safe pipeline operation, 
the operator should consider abandonment of the pipeline. If the operator could demonstrate pipeline 
integrity with sufficient evidence, the pipeline operations can continue.

With a corrosion growth rate model, a crack growth propagation model and other related methods, 
defect growth and its impact upon future pipeline integrity can be predicted. By the analysis of 
such data, the conformity of a pipeline to the specified technical indexes in coming years can also be 
predicted to facilitate decisions and actions regarding pipeline abandonment.
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This document suggests the use of calculations for the likelihood of failure that are based upon 
reliability of inspection data, where technical conditions and data permit. Such calculations will 
help determine the likelihood of pipeline failure at specific times in the future for comparison to the 
maximum allowable likelihood in order to define the physical life of the pipeline. After pipeline re-
inspection, a physical life assessment should be performed again. This physical life assessment should 
account for uncertainty in the inspection (e.g. ILI defect sizing or probability of detection) data as well 
as uncertainty in service condition.

All records of integrity assessment, physical life assessment, economic assessment and decisions on 
pipeline operation shall be captured as data within the data management of the pipeline integrity 
management system.

13.2.5.2	 Factorization method (analogy method)

For pipelines unsuitable for in-line inspection, pressure test or other related direct integrity assessment 
methods, their physical life can be estimated by reference to the results of life assessment as determined 
for other comparative pipelines (where available). This approach is called the factorization method 
(analogy method) where the pipeline physical life estimation can be derived from Formula (4).

PPL PPL a b c d e f gR=  , , , , , , 	 (4)

where

  PPL is pipeline physical life;

  PPLR is pipeline physical life for reference;

  Factor a is pipe-making level;

  Factor b is design level;

  Factor c is construction level;

  Factor d is ambient impact of external pipe (coating, CP, land subsidence, etc.);

  Factor e is impact of liquid (gas) quality inside pipelines;

  Factor f is operating conditions (in-service life, pressure, temperature, etc.);

Factor g is repair and maintenance.

The relative weighting of multiple factors would exert a significant influence on the overall results, as 
the factors are based upon previous cases for other pipelines. Therefore, an overall consideration of the 
relative weightings should be included when implementing the factorization method as factors might be 
added or adjusted accordingly in estimating the specific pipeline system, as practical conditions can vary.

The factorization estimation result should be validated by correlation with the physical life assessment 
data of other pipelines wherever possible.

13.2.6	 Economic viability assessment

13.2.6.1	 Economic comparison

This document describes the economic comparison of schemes, including the minimum annual average 
cost method and cost-benefit analysis method for assessing a pipeline’s economic viability. Other 
appropriate assessment methods can also be applied wherever technical conditions and data permit. 
If pipelines do not have such data, or have insufficient future liquid or gas supply and cannot meet the 
minimum requirements for pipeline transportation, then that result should be considered at the end 
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of the original design life or earlier, particularly if transportation costs of operating the pipeline are 
higher than those of alternative methods, such as railway and ocean transportation.

Economic comparison includes:

a)	 comparison between life extension of existing pipelines and new replacement;

b)	 comparison of different transportation modes for low transportation quantity.

Compared to existing, and particularly older pipelines, newly-constructed pipelines will be more 
technologically-advanced and scientifically-designed to run more safely and efficiently. Replacement of 
a pipeline will reduce operating risks and maintenance costs, however will require a significant amount 
of capital investment. In terms of the optimal time to replace a pipeline, consideration should be given 
to the likelihood that an abandoned pipeline will produce substantial resource waste.

In the economic evaluation of the viability of an existing pipeline, the cost comparison should be based 
upon the total costs for the existing pipeline against the minimum annual average cost of a newly-built 
replacement pipeline. The decision to continue or replace the pipeline shall be accordance with the 
principle of minimising overall annual cost.

In the case of a higher operating loads, the unit transportation cost for pipelines is typically economical 
relative to other transportation modes (road, railway, and ocean). For low carrying capacity, the 
economical efficiency should be compared to alternative transportation modes to identify the one with 
the minimum unit transportation cost.

13.2.6.2	 Minimum annual average cost method

Regardless of revenues derived from the operating pipeline, the minimum annual average method 
judges the pipeline economic viability merely from the operating costs. This method is applicable for 
circumstances that have guaranteed upstream resources and demand, thus a stable throughput for the 
pipeline and sets safe, reliable operation as the top priority.

The time period set for an annual average total cost for pipeline operation is the economic viability. The 
annual average total cost, inclusive of annual average asset recovery cost and annual average operating 
cost, should also consider the time value of capital.

After obtaining the actual cost data in operation, historical trends in costs during pipeline operation 
should be analyzed to predict operating costs in years to come. Economic viability of a pipeline is 
determined by observing any variation of average total cost. Consecutive years during which average 
total cost fluctuates below 5 % before and after the end of a pipeline’s economic viability are called 
economic viability region.

13.2.6.3	 Cost-benefit method

Relative to pipeline income, costs arise from pipeline operation and are applicable for circumstances 
under which the upstream resources for the throughput of the pipeline are not stable and business 
objectives include a criterion for profit or profit maximization.

Based on the bearing capacity and preference of the operator, this method outlines the economic 
viability for a pipeline.

13.2.7	 Risk assessment

Risks related to pipeline operations are key indexes (see Clause 6 for detailed methods) in the decisions 
regarding pipeline service life. Risks considered shall include consequence factors for safety and 
business disruption for current and future operations and therefore constitute an important part of the 
life assessment.

The operator should establish specific standards for allowable risks that meet its operating 
requirements. ISO 16708 provides guidelines in risk acceptability and target likelihood of failure.
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13.2.8	 Remaining life assessment

According to the assessment results in the previous sub-clauses, decisions can be made regarding 
continued pipeline use, degradation in operation, deactivation and abandonment. If the pipeline is 
still required for operation, integrity management shall be applied, otherwise it shall be appropriately 
abandoned.

13.3	Deactivation and abandonment process

13.3.1	 Guideline for the abandonment of a transportation pipeline

If it has been determined by remaining life assessment or according to local legislation that a pipeline 
should be abandoned, the operator shall undergo the steps for decommissioning and then abandonment.

Before abandonment, activities including field assessments, risk assessments and targeted risk 
mitigation measures should be performed to ensure that any risks from the pipeline abandonment are 
known and manageable. The use of a comparative assessment process in order to assess the relative 
benefits versus the potential drawbacks of the decommissioning options should be considered.

The abandonment of pipeline facilities shall include safe disconnection from any operating pipeline 
system, purging of combustibles and hazardous materials, and the sealing of any abandoned facilities 
to minimize safety and environmental hazards.

Once a pipeline is abandoned, it should be physically isolated from the liquid or gas transportation 
system network.

Cleaning activities should be performed immediately after the pipeline is deactivated. Safety and 
environmental risks for the abandoned pipeline should be thoroughly eliminated or reduced to a 
predetermined acceptable level.

Abandonment has two forms:

a)	 abandonment in place;

b)	 pipeline removal.

For the abandonment for pipes that are not to being removed, including crossing of large and medium-
sized rivers, swamps, lakes, water resources, railway, highway, natural reserve, densely populated area, 
forest cover area, wildlife habitat, restricted area, places occupied with buildings or very deep (≥4 m) 
pipes, such pipes might be abandoned in place.

For abandonment in place, the operator should consider filling the abandoned pipeline with a permanent 
inert substance (e.g. filling mud, cement paste or cement mortar, etc.), and such pipe lines should be 
capped, plugged, or otherwise effectively sealed.

For any large-scale abandonment project, it is unlikely that only one of these options will be employed; 
rather, a project can involve a combination of pipe removal and abandonment-in-place along the length 
of the pipeline.

13.3.2	 Preparation before pipeline abandonment

Before undertaking pipeline abandonment, the operator shall organize competent personnel to prepare 
a pipeline abandonment plan and entrust environmental evaluation and safety evaluation considerations 
to competent personnel. The abandonment plan is required to analyze safety and environmental risks 
in each disposal segment and to determine the relevant control measures, ensuring that entire pipeline 
abandonment and disposal processes are under control and that environmental protection conforms 
to national and local requirements. If there is no transported liquid medium disposed on site during 
abandonment, assessment of its impact on environment and safety assessment will be unnecessary. If 
excavation is not conducted, assessment of excavation impact on environment and safety assessment 
will be unnecessary.
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13.3.3	 Pipeline cleaning

Cleaning shall be conducted if necessary before abandonment. All pipeline cleaning activities shall be 
conducted in accordance with the specified environmental protection methods, including the recovery, 
recycling, separation, measuring, transportation and storage of removed liquid and gas.

For the cleaning of liquid pipelines that are to be abandoned, the operator shall purge pipelines of liquid 
products including low solidifying point crude liquid by nitrogen.

Each gas transportation pipeline that is to be abandoned in place shall be disconnected from all sources 
and supplies of gas, and subsequently purged of the gas and any hydrocarbons. Gas pipelines should be 
purged with nitrogen.

13.3.4	 Deactivation of piping

To reuse a pipeline or pipeline segments in the future, deactivation should be carried out. The 
deactivation of pipelines involves depressurization and isolation of the segment from the main 
transportation pipeline network. The operator shall isolate the pipe using blind flanges, weld caps, or 
blinding plates and where required, provide a pressure relief system.

The operator shall fill the pipe segment with a suitable medium, having regard for the intended 
duration of the deactivation, the effects of the medium on the integrity of the pipe, and the potential 
consequences of a failure. For instance, water carrying corrosion inhibitor or low-pressure nitrogen or 
other proper inert gas can be used for filling. When sealing, the pressure of inert gas inside pipelines 
should be limited to 0,02 MPa to 0,04 MPa.

Upon completion of pipeline sealing, further in-service pipeline management measures should 
be carried out to eliminate any further risk. Such measures shall include, but are not limited to the 
following:

a)	 maintain external and internal corrosion control;

b)	 maintain records;

c)	 where considered appropriate, perform other maintenance activities.

For pipelines that have been deactivated, the operator shall annually confirm the suitability of the 
deactivation methods used, the corrosion control, and other maintenance activities to ensure the 
ongoing integrity of the pipeline in its expected deactivated state.

13.3.5	 Permanent disposal process of abandoned pipeline

For pipelines segments identified for pipe removal, the abandonment plan shall include a removal 
plan. The pipe should be cut, removed, transported, stored and disposed of, by strictly following the 
abandonment and removal plan for the pipeline.

All relevant safety and environmental control measures shall be implemented to avoid any safety or 
contamination impacts.

Backfilling and land recovery should take place in a timely manner following removal.

For pipe segments that are considered unmovable, the operator shall fill the abandoned pipeline with an 
inert substance according to the established abandonment plan which considers the potential for safety 
hazards and environmental damage that could be created by future ground subsidence, soil admixing 
or contamination, groundwater contamination, erosion, and the creation of water conduits. Such pipes 
should be cut off at pipeline depth, left unpressurized, capped, plugged, or otherwise effectively sealed.

In cases where the ownership of the abandoned pipelines is to be transferred to a local government or 
other company, all information about the current pipeline and intra-pipeline mediums shall be provided 
including information and plans regarding the potential risks determined for removal.
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Active management and patrol protection is not required for abandoned pipelines that have been 
permanently disposed. The operator should maintain records of the pipeline and the abandonment 
process as outlined in 13.3.6.

13.3.6	 Records

13.3.6.1	 Records shall be maintained for all pipes that have been abandoned in place. Such records 
shall include the locations and lengths for each pipe diameter and, where practical, the burial depth. The 
operator should maintain all pertinent records related to the abandoned piping.

13.3.6.2	 Upon the completion of the abandonment process for the pipeline, the operator shall supply all 
relevant documentation of the abandoned and disposed pipelines including the location, length, burial 
depth, disposal measures, environmental control measures and land recovery, to relevant stakeholder 
groups (e.g. local government agencies) and archival departments within the operator's organization 
including related communications to local government agencies.

13.3.6.3	 Management of change processes (see Clause  16) should be performed for the pipeline 
abandonment and deactivation.

13.4	 Life extension and recycle of pipeline

13.4.1	 Life extension

Where it is intended to operate a pipeline beyond its original design life, a life extension assessment 
shall be completed that describes the steps required to continue operation of the pipeline such that it 
will not produce any unacceptable risks after life extension. A life extension assessment shall include 
risk and integrity assessments of current and future states of the pipeline and any remedial activities 
required.

If the life extension of a pipeline is concluded to be unreasonable or impractical (such as in comparison 
to a new pipeline as a cost-optimal solution), the pipeline should be planned to be operated and then 
decommissioned upon the end of its design life.

The operator shall document and record the life extension assessment.

Life extension processes include the integrity assessment of the current pipeline and assessment of life 
extension applicability. Such an assessment shall consider circumstances that have been documented in 
routine operation, but were not considered in the original design of the pipeline.

The allowable life extension period shall be determined within the life extension assessment, including 
results from the related integrity assessment of the pipeline. If the operator’s planned life for the 
pipeline system exceeds the remaining life identified in the integrity assessment, further remedial 
measures shall be determined to extend the remaining life of pipeline system.

Such remedial measures include:

a)	 replacement of pipe fittings;

b)	 reassessment of limit values of anomalies and correction of anomalies;

c)	 reassessment of pipeline degradation while still in operation.

Assessment can be referred to 13.2 and ISO/TS 12747 for detailed methods of life extension.
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13.4.2	 Recycling of a pipeline

13.4.2.1	 Reactivation of pipeline

The operator can reuse a pipeline which has been previously deactivated. Prior to reactivating the 
pipeline, the operator shall conduct an engineering assessment to determine whether the pipeline 
would be suitable for its intended service. Where the engineering assessment indicates that the pipeline 
would not be suitable for its intended service, the operator shall implement measures necessary to 
make it suitable before reactivating the pipeline.

13.4.2.2	 Recycle of abandoned pipelines

Abandoned pipelines can be considered for other purposes if permanent disposal methods were not 
undertaken. Such purposes include storage for other industrial wastes, re-use as drainage facilities, 
shallow well casing, civil facilities or onshore exploration of shallow wells.

13.5	 Uprating

13.5.1	 General requirements

The evaluation of a pipeline for service can also include an assessment for the operation of the pipeline 
at a higher capacity than current operations. This would be typically facilitated by investment into 
significant modifications to the pipeline to meet the changes in service.

The operator shall conduct an engineering assessment to determine suitability of the pipeline for 
service at the proposed higher pressure.

If the operator intends to uprate its pipelines, it shall establish a written plan that includes all associated 
works and a complete management of change for the pipeline uprating. All records of the plan and its 
execution shall be maintained by the operator.

13.5.2	 Limitation on increase in maximum allowable operating pressure

The proposed MAOP shall not exceed the maximum allowed under ISO 13623 for a new segment of 
pipeline constructed of the same materials in the same location. 

NOTE	 Local laws and regulations can also apply.

13.5.3	 Uprating method

Before increasing the operating pressure of the pipeline above the previously established MAOP, the 
operator shall apply the following steps as a minimum:

a)	 Review the design, operating and maintenance history, and previous testing of the segment of 
pipeline to determine whether the proposed increase is safe and consistent with the new operating 
condition.

b)	 Make any repairs, replacements, or alterations necessary to be compatible (safe) with the new 
operating level.

c)	 Adequately reinforce or anchor any offsets, bends, and dead ends in coupled pipe to prevent 
movement of the pipe if the offsets, bends, or dead ends become exposed in excavation.

d)	 Review the class location change in pipeline right-of-way and determine that the proposed increase 
is safe and consistent with new requirements of regulations and laws.

e)	 Repair any failures detected before a further pressure increase is carried out.
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f)	 If the pipeline materials can be identified through a material test and the design calculations for 
the pipeline would be the same as those for a new pipeline in the same area, a hydrostatic test can 
be completed to establish a new MAOP.

g)	 If a hydrostatic test is identified in the written plan as the method for uprating the pipeline, the test 
of the pipeline segment should be performed in accordance with 8.3.

For steel pipe operated at 0,7  MPa [7  bar(g)] or more, the test pressure shall be calculated by 
multiplying by a safety factor. Unless a regulator provides a safety factor, Table 7 provides some 
guidance.

h)	 If the new MAOP will be established by sequentially increasing the pressure in the pipeline, then 
the following shall be considered:

1)	 Any increases in pressure shall be made in increments, where the pressure shall be increased 
gradually, at a rate that can be controlled. At the end of each incremental increase, the pressure 
shall be held constant while the entire segment of pipeline that is affected is checked for leaks.

2)	 The new MAOP does not exceed 70 % of that allowed for a new line in the same location and the 
same design.

Table 7 — Suggested safety factor of proposed increase pipeline

CCAs Rank Factor
I 1,1
II 1,25
III 1,4

The operator shall verify that the new MAOP is consistent with the conditions of the segment of pipeline 
and the design requirement.

The incremental increases in pressure shall be made equal to:

—	 10 percent of the pressure before the uprating; or

—	 25 percent of the total pressure increase,

whichever produces the fewer number of increments.

13.6	 Reporting

The operator shall prepare and maintain a detailed report which summarizes the works related to life 
assessment and life extension assessment. This report shall include the following as a minimum:

a)	 general description of the pipeline and pipeline life assessment procedure;

b)	 main results of the pipeline integrity assessment;

c)	 main conclusions to the risk assessment;

d)	 nonconforming items identified relating to current applicable laws, regulations and standards;

e)	 conformity of previous design, pipe making, construction and other specifications to current 
relevant specifications;

f)	 main conclusions of the economic life assessment;

g)	 main conclusions of the physical life assessment;

h)	 statement and basis of the remaining life estimated from the above assessments (both as safe and 
economical operating viability).
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14	 Records and documents management

14.1	 The operator shall establish plans for the classification, identification, collection, storage and 
disposal of records and documents pertinent to:

a)	 historical information required for the safe operation and maintenance of the pipeline over the 
pipeline’s life;

b)	 objective evidence of pipeline management system effectiveness and conformity;

c)	 records and documents of decision-making and approvals.

Procedures shall cover electronic and paper-based records and documents. Classification includes 
documents considered confidential or non-confidential.

14.2	 The operator shall prepare and manage records and documents related to pipeline design, 
construction, commissioning, operation, maintenance and abandonment that are needed for performing 
the activities included in the pipeline IMP. The following items shall be included as a minimum:

a)	 Design, construction and commissioning details including but not limited to:

1)	 design basis, including design calculations;

2)	 material specifications and certification;

3)	 inspection and test certification and reports;

4)	 documents relating to authorizations and permits to operate;

5)	 surveys and route documentation;

6)	 land ownership details;

7)	 pressure testing summary;

8)	 any adjustments, events and non-conformances during each phase.

b)	 Operation and maintenance details including but not limited to:

1)	 historical pipeline management system plans and procedures;

2)	 any change to operating conditions;

3)	 any modification to the maps, charts, plans, drawings and procedures, required to allow the 
procedures to be properly administered;

4)	 details of any corrosion, dents or other anomalies;

5)	 details of the CP system;

6)	 failure records, analysis and subsequent preventative actions;

7)	 details of inspections and inspections and testing carried out when cutting a pipeline or 
making hot taps;

8)	 repairs and modifications;

9)	 pipeline surveillance patrol reports;

10)	 emergency response and exercises records;

11)	 personnel training and qualification records;
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12)	 reports on landowners and third-parties.

c)	 Abandonment details

The operator shall document the archiving or disposal of records associated with an abandoned 
pipeline. A record shall be kept of all abandoned pipelines that remain in situ, to prevent possible 
mistakes in identifying an abandoned pipeline as an operational pipeline. Where CP is applied, to 
prevent the corrosion of the pipeline, the responsibility for maintenance of the system shall remain 
with the operator and appropriate records shall be kept.

15	 Communication

15.1	 General

The operator shall develop and implement a communications plan in order to keep appropriate 
personnel, jurisdictional authorities and the public informed about its integrity management efforts 
and the results of its integrity management activities. Information can be communicated routinely or 
upon request. Use of industry, jurisdictional and company websites can be an effective way to conduct 
these communication efforts.

15.2	 External communications

The following items shall be considered as a minimum for communication to the various interested 
parties, as outlined below:

a)	 Landowners and tenants along the rights-of-way:

1)	 company contact information;

2)	 depth of cover;

3)	 general location information and more specific information or maps where such details can be 
obtained;

4)	 commodity transported;

5)	 how to recognize, report and respond to a leak;

6)	 general information about the operator’s prevention, integrity measures and emergency 
preparedness.

b)	 Public officials other than emergency responders:

1)	 periodic distribution to each municipality of maps and company contact information;

2)	 summary of emergency preparedness and IMP.

c)	 Local and regional emergency responders:

1)	 continuing liaison with all emergency responders, including local emergency planning 
commissions, regional and area planning committees, jurisdictional emergency planning 
offices, etc.;

2)	 company contact information, both routine and emergency;

3)	 local maps;

4)	 facility description and commodity transported;

5)	 how to recognize, report and respond to a leak;
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6)	 general information about the operator’s prevention and integrity measures and how to obtain 
a summary of the IMP;

7)	 station locations and descriptions;

8)	 summary of operator’s emergency capabilities;

9)	 coordination of operator’s emergency preparedness with local officials.

d)	 General public:

1)	 information regarding operator’s efforts to support excavation notification and other damage 
prevention initiatives;

2)	 company name, contact and emergency reporting information.

e)	 Other stakeholders:

Information regarding integrity management efforts and the results.

15.3	 Internal communications

15.3.1	 The operator manager and other appropriate operator personnel shall understand and support 
the IMP. This shall be accomplished through the development and implementation of an internal 
communications plan. Performance measures reviewed on a periodic basis and resulting adjustments to 
the IMP shall be part of the internal communications plan.

15.3.2	 The following items shall be considered as a minimum for communication to the various related 
departments:

a)	 key components of the integrity management framework and any subsequent modifications;

b)	 adequate internal reporting, its effectiveness and the outcomes;

c)	 relevant information derived from the application of integrity management available at appropriate 
levels and times.

16	 Management of change

16.1	 Formal management of change procedures shall be developed in order to identify and consider 
the impact of changes to pipeline systems and their integrity. Management of change shall address 
operational, technical, physical, procedural and organizational changes to the system, whether permanent 
or temporary.

16.2	 A management of change process shall include at a minimum the following:

a)	 reason for change;

b)	 authority for approving changes;

c)	 effective date for change to occur;

d)	 analysis of implications of the change;

e)	 documentation, drawings and records updating communication of change to affected parties.

16.3	 Impact and risk of changes should be adequately identified and communicated internally and 
externally.
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16.4	 Changes shall be managed through the full life of the pipeline, including design, construction, 
operation, maintenance and abandonment. Any new results derived from the integrity management 
efforts and the subsequent amendments should be effectively updated in the system and managed as 
changes.

16.5	 Re-evaluation of critical consequence areas, risk and modification of the IMP shall be applied 
wherever there is a process change, modification to the pipeline or a pipeline repair.

17	 Training and skills

17.1	 General

It is recognized that different jurisdictions require a minimum qualification, such as an engineering 
degree to perform pipeline engineering work. This clause establishes the complementary skill 
requirements for personnel who perform pipeline integrity management. It also specifies guidance for 
the required training of pipeline integrity management staff involved in liquid and gas transportation 
pipelines.

The operator should identify training and skill requirements for integrity management personnel.

The training and skill of pipeline integrity management is a stratified system. As qualified individuals 
achieve higher levels, the previous levels remain valid. Individuals at each level of skill are allowed to 
perform the corresponding works as stated in 17.2.

When new regulations, equipment, techniques and procedures, or new management concepts are 
adopted into a pipeline operating company, and relate to pipeline integrity management, the relevant 
personnel shall be re-trained as necessary.

17.2	 Levels of skill

The training and skill can be divided into three levels:

—	 level 1: preliminary level;

—	 level 2: intermediary level;

—	 level 3: senior level.

Based on the intended scope of work, individuals shall have sufficient skills in pipeline integrity 
management to the level required for the works that they are intended to perform. Where necessary, 
the designated individuals should undertake the appropriate training required to achieve the necessary 
level. Annex I shows the training and skill approach.

Only individuals who obtain skill above level 1 can carry out CCA identification and data acquisition. 
Individuals who achieve level 2 can carry out threat identification and risk assessment. Individuals who 
achieve level 3 can carry out integrity assessment, comprehensive risk assessment and performance 
measurement.

The operator should arrange to provide training for its employees or engage third parties for the work.
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Annex A 
(informative) 

 
Example approach of semi-quantitative risk assessment

An example of semi-quantitative risk assessment is provided in Table  A.1. The failure likelihood is 
the sum value of third party damage, internal corrosion, external corrosion, manufacturing defect, 
construction defect and geologic hazard. The failure likelihood is multiplied by the failure consequence 
to obtain the risk. The operator should decide the weighting value of each category.

Table A.1 — Example of semi-quantitative risk assessment

Category Factors Value

Third party damage

Cover

0 to 100

Patrol
Public education
Right-of-way condition
Theft/sabotage
Activity level
Locating and response
Above ground facilities
Vehicles
Government's attitude

Internal corrosion and erosion
Product corrosivity

0 to 50Sand in fluid
Internal protection

External corrosion

Soil corrosivity

0 to 50

Cathodic protection effectiveness
Cathodic protection test
Other electrical interference
Coating condition
External inspection and repair
In-line inspection and repair

Manufacture defect and construc-
tion defect

Internal inspection

0 to 100

SMYS
Safety factors
Fatigue
Surge potential
Pressure test
Seam weld type
Pressure
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Category Factors Value

Geologic hazard

Topography

0 to 100
Geotech
Hydrotech
Pipeline design
Mitigative structures

Incorrect operations

Threat identity

0 to 100

Safety system
Procedures
Training
Documentation
Lack of timely data collection

Failure consequence

Product threat

0 to 10

Leak volume
Emergency response
Population density
Environment
Cost

﻿

Table A.1 (continued)

© ISO 2019 – All rights reserved� 81

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 19

34
5-1

:20
19

https://standardsiso.com/api/?name=877c8a92f099b621d4c87643fb540836


﻿

ISO 19345-1:2019(E)

Annex B 
(informative) 

 
Risk matrix

The risk matrix is defined including failure probability rank, failure consequence rank and risk 
categories. The failure probability can be preferably defined as per Table  B.1. Assessment of failure 
consequences could take the safety, cost, environment, service interruption and reputation into 
consideration, as shown in Table B.2. An example of a risk matrix is shown in Table B.3, and the risk 
categories are defined in Table B.4. The operator can modify or determine its own category criteria and 
applicable values.

Table B.1 — Failure probability rank

Probability description
Rank

Probability Description

Very high
Failure has occurred in location or
Failure is expected in 1 year

5

High
Failure has occurred several times a year in operating company or
Failure is expected in 1 to 3 years

4

Medium
Failure has occurred in operating company or
Failure is expected in 3 to 5 years

3

Low
Failure has occurred in the industry or
Failure is expected in 5 to 10 years

2

Very low
Failure has not occurred in industry or
Failure is expected >10 years

1

Table B.2 — Failure consequence rank

Consequence 
categories

Increasing consequence
A B C D E

Safety None or superfi-
cial injuries

Major injury, long 
term absence 1 to 2 fatalities 3 to 9 fatalities >10 fatalities

Cost (e.g. $M) <0,01 0,01 to 0,1 0,1 to 1 1 to 10 >10

Environment Insignificant Slight/Minor 
effect Local effect Major effect Massive effect

Service  
interruption Insignificant Major impact to 

service
Major impact to 

upstream/down-
stream company

Major national 
impact

Major interna-
tional impact

Reputation Insignificant Local impact Major regional 
impact

Major national 
impact

Major interna-
tional impact
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Table B.3 — Risk matrix

Consequence
Likelihood

1 2 3 4 5
E III III IV IV IV
D II II III III IV
C II II II III III
B I I I II III
A I I I II III

Table B.4 — Risk category

Category Description
I Low
II Moderate
III High
IV Very high
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Annex C 
(informative) 

 
Example of the threat identification in lifecycle phases

Table  C.1 provides an example of threat categorization, and associated causes of occurrence during 
each phase of the pipeline lifecycle. The structure of the table is such that it lists all life cycle phases and 
the potential threats for each lifecycle phase. These potential threats are categorized according to the 
nature of the threat, such as mechanical (intrinsic factors), environmental (extrinsic factors) and then 
further sub-categorized to state the damage mechanism(s) and the initiating source of the threats. This 
process of categorization will aid in the management or mitigation of the threat either by taking specific 
actions to prevent the threat from materializing at the specific life cycle phase or by acknowledging the 
potential for the threat occurring and anticipating, managing and mitigating, or eliminating the threat 
during the service life of the pipeline. If the threats are not fully mitigated from occurring at a given 
lifecycle phase, then these threats need to be anticipated and regular condition monitoring needs to 
be conducted to verify the absence or existence of the threat throughout the service life of the pipeline.
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