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reword

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.
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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

implement

ation 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

The integr

independent data and functional silos, which traditionally has been the case.

ated approach was developed on the basis of extensive research and examination of best

practices
combinatid
prescriptid
based requ

hind results from pipeline integrity audits world-wide. This document incorporatds a
n of prescriptive and performance-based requirements. In some cases where there|are
n requirements, it provides the user the option to arrive at a solution using performafce-
irements. However, the level of safety achieved by following the prescriptive requirem¢nts

gives the minimum performance-based requirements. The ability to use performance-based solutjons

allows conij

This docur

are developing a program for new pipelines. This document can also be used foreontinual improvegtent

of existing
program e

panies to use new equipment or innovative practices to achieve the same geal.

hent is intended to be used by companies that have not yet developed.anofficial prograrh or

programs by both operating companies and regulators to evaluate integrity managenpent

[fectiveness.

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

Part 1:
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Scope

ration, maintenance and abandonment.

ities, including any section of a pipeline constructed within the boundaries of such f:
hection purposes. The extent of pipeline systems covered by this document is illustrated
5 document does not deal specifically with the integrity of non-pipe elements. The pipelihe segment
veen the wellsite and the gathering station, treatiient plant or process plant (between

practical due to characteristics such as diameter, operating parameters, etc.

structed from other materials, such as:glass-reinforced plastics.

tline integrity. The user canfevaluate whether additional requirements are necessary.

ii-life cycie integrity management for onsitore pip
This document specifies requirements and gives recommendations on the-management
pipeline system throughout its life cycle which includes design, construction, com]

This document is applicable to onshore pipeline systems usedin transportation in the
natural gas industries, connecting wells, production plants){process plants, refineries J

2 in Figure 1) is included in this document, though many mandatory elements of this do
This document applies to rigid, steel.pipelines. It is not applicable for flexible pipelin
This document does not caver all conditions nor engineers’ competency which might b

This document is ySed for integrity management, which is initiated at the design and ¢
e of the pipeline. Where requirements of a design and construction standard (e.g. ISO
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different, the provisions of this document will enhance the design and construction from an integrity

perspective.
7
1
Z
7
2
7
3 4
5 11
6 6
7
7
8
S
9 12
T T
I I
10y 10v
Key
1 wellsitg 5  pump station 9  depot
2 gatheringstationtreatment 6—valvestation +0—distribttion
plant or process plant 7  tankage 11 compressor station
3 liquid 8  refinery 12 pressure-reduction station
gas
_ pipeline elements covered by this document
— connections with other facilities
F———- pipeline elements not covered by this document

station/plant area covered by this document

Figure 1 — Extent of pipeline systems covered by this document
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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.

[SO 13623, Petroleum and natural gas industries — Pipeline transportation systems

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

[SO[21809(att parts), Perroteunt and naturat gas Mdustries — External coatings forburted orjsubmerged
pipélines used in pipeline transportation systems

[SO|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 définitions apply:
[SOJand 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.eléctropedia.org/

3.11
abandonment
activities associated with taking a pipeline permanently out of operation

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

Not¢ 2 to entry: Depending on theé\legislation abandonment can require cover or removal.

3.1{2
angmaly
pospible deviation frem pipe material or weld soundness

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

3.13

baseline assessment
firs infpgrify assessment prinr to orafter commission

3.14

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

© IS0 2019 - All rights reserved 3
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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 assessrfient and integrity assessment evaluations and prioritizations.

3.1.8

deactivatipn
removal of a pipeline from service though the pipeline might be returned to servicesaftér a prdper
assessmen

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

3.1.9
deformatipn
change in ghape of the pipe or component, such as a bend, buckle, dent(3.£11), ovality, ripple, wrinkle,
or any other change that affects the roundness of the pipe or original\cross-section or straightnegds of
the pipe orfcomponent

3.1.10
defect
imperfectipn 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 bodly 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 dssessment\process used for locating possible external corrosion, damaged coating} or
deficienciep in cathedic protection (3.1.4) on a pipeline by making aboveground measurements pnd
validating vith 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

4 © IS0 2019 - All rights reserved
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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

3.1120

int¢grity assessment
progess that includes the inspection and testing of a pipeline in orderoto determirle physical
chafacteristics and assess its integrity condition by combination of an analysis of data, use o‘Lreliability
ass¢ssment methodologies of the structure and an evaluation of the saféty state of the pipeline

3.1{21

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

itional period of time beyond the original design or service life (3.1.39) (but within the assessed
rennant life) for which permission to continue operating a pipeline system is granfed by the
reghlatory bodies

Note 1 to entry: Life extension is considered’as a modification to the design basis.
[SOPRCE: ISO/TS 12747:2011, 3.7]

3.1{23
location class
geographic area classified/according to criteria based on population density and human actiyity

[SOPRCE: ISO 13623:2017, 3.1.10]

3.1{24

magnetic flux leakage
typk of insline inspection technology in which a magnetic field is induced in the pipe wall bgtween two
pol¢s.ofa‘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

© IS0 2019 - All rights reserved 5
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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 SO 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

3.1.29

non-destr
analysis te
causing da

Note 1 to eq
used to des

3.1.30

operator
person or d
for the ope

3.1.31

pipeline
componen{
plants, ing
sectionalis

3.1.32

pipeline integrity management

set of pro
responsibl

3.1.33

pipeline integrity management program

continuous
data acqui
and maint
improvemg¢

3.1.34

pressure test

means of §
water and

e CaIr atso resutt i metat 1oss:

ictive testing
chniques used to evaluate the properties of a material, component or systéem with
mage

try: “Non-destructive inspection” (NDI) and “non-destructive evaluation” (NDEJ are also comm
ribe this technology.

rganization who owns or operates a pipeline system or facjlities and is ultimately respong
ration and integrity of the pipeline system

s of a pipeline system connected together to convey fluids between stations ang
luding pipe, launchers and receivers, comp@nents, appurtenances, isolating valves,
ing valves

resses and procedures that proactively assures incident-free safe and environment]
e transportation of fluids through a pipeline system

improvement closed-loop system using information technology to realize functions suc

bition and integration, integrity and risk assessment (3.1.36), mitigation and repair acti
bnance decisiens;”with comprehensive management of change and continual review
nt processes

ssessing the integrity of a new or existing pipeline that involves filling the pipeline

out

bnly

ible

| /or
and

ally

h as
vity
and

vith
ine

ressurizing to a level in excess of the MAQP of the pipplinp to demonstrate that the pipe

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

© ISO 2019 - All rights reserved
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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

EXAMPEE FOT COTTOSION defects, USIMg TecognizZed rema Mulas, where
all dorroded regions will withstand a calculated safe operating pressure.
3.1{39
seryice life
length of time over which the pipeline system is intended to operate
[SOPRCE: ISO/TS 12747:2011, 3.21]
Note 1 to entry: Service life is considered the actual operational life to date/buit can include any plapned future
use pf the line. Service life can be less or longer than design life.
40

3.1

sizing accuracy

accliracy with which an anomaly dimension or characteristicis reported

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

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

3.141

thifd party damage

danhage done to the pipeline as a result'of activities by personnel not associated with the pipeline
3.142

threat

activity or condition than can-adversely affect the pipeline system if not adequately controll¢d
[SOPURCE: 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
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ILI
IMP

MAOP

MFL

NDT

PIR
PoF
SCADA
ScC
SCCDA
SMYS
SSC

4

4.1 Key

The operat
in a safe, e
or eliminaf

in-line inspection

integrity management program
maximum allowable operating pressure
magnetic flux leakage

non-destructive testing

potential impact radius

Gene

probability of failure

supervisory control and data acquisition system
stress corrosion cracking

stress corrosion cracking direct assessment
specified minimum yield strength

sulphide-stress cracking

ral

principles

or uses integrity management programs ([MPs) to enable it to manage its pipeline syst
hvironmentally responsible and reliable manner. An effective IMP anticipates and mitig
es integrity issues before they lead to ineidents or failures.

Key principles for an effective IMP are listed-below.

a)
b)

‘)
d)

e)

f)

4.2

Pipelif

Adequ
requir

Clearly

Docun;
enable

Perfor
to iden

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

hte resources in terms~of-funds, equipment and competent personnel to implement
bments of the IMP arg-necessary.

r defined roles and\wresponsibilities with clear communication processes are necessary.

ent management including gathering and retention requirements are critical elements
informed. decisions.

mance measures of the IMP’s effectiveness should include both leading and lagging indica
tify"trends and areas for continuous improvement.

EINS
htes

the

that

[OI'S

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

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:

T) Tfeasibility;
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 imprevement process, the inputs into these elements shall b 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) integrityZassessment;

5) mitigation activity;

6)A performance measurement and improvement.

NOTE T Understanding tie pipelines IMtegrity and threats I tie 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.

© IS0 2019 - All rights reserved 9
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10

Management elements

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.

NOTE4  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.

NOTE5  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.

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

organifation:

1y
2)
3)

pdlicy and commitment;
scppe of the IMP;

organizational structure including key roles and responsibilities.

The fo]lowing mandatory elements predominately deal with infermation flow, providing the ¢ore
of the ¢lata system providing information for assessment and réview. They are usually presentefl as

plans yvith procedures:

communication;

refords and documents management;
management of change;

management review and audit;

trgining and skills.
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Pipeline integrity Life-cycle phases Management elements
management process 5 4.4

Feasibility

Design

Procurement

Fabrication

Trasportation
and storage

Construction

Pre-Com and
commissioning <

xO
Figure 2 — Pipelin\g@ﬂ:egrity management program structure

.

4.3| Integrity managemf@‘rocess elements

4.3]1 Data managem@b

The first step in e@ating the potential threats for a pipeline system or segment is to [define and
gather the nece 'ﬂi 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 maintaiped for the
pip¢line system lifecycle. The operator shall perform the initial collection, review and intpgration of
relgvant data and information from pipeline design, construction, operation, maintenance, jnspection,
monitoting and failure investigation data. Data acquisition is needed to understand the condition of the
pip ,@entify the location-specific threats to its integrity and understand the public, en\jronmental
and operational consequences of an incident.

N

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.

© IS0 2019 - All rights reserved 11


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

ISO 19345-1:2019(E)

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 opera

assessmenf made in the previous step, typically including in-line inspection, pressure testing,@ifect
assessmenf or other inspection and monitoring methods based upon the threats that have Heen
identified. More than one inspection or monitoring method can be required to address all the threats to
a pipeline §egment.

4.3.4 Integrity assessment

Integrity apsessment will implement the following hierarchy of controls:

— eliminption;

— physicpl controls;

— procedural controls.

Where risis cannot be sufficiently controlled, mitigation actiyities shall be implemented until the fisk

is consider]

The proces
suitable d3
and the aj
operator t
around thg
should be ¢

ed satisfactory.

s of establishing and implementing effectivié preventive and mitigation measures requj
ta collection, data integration and informational analysis within the IMP. Data integra
alysis can identify aspects of the opeérator’s operations and maintenance that allow
h address the threats. Most importantly, local knowledge of the operational environ
pipeline and the incident history associated with certain components or circumst;l
onsidered.

4.3.5 MiI

Where a t
threatto a

The result
mitigation

and mitigaftion activities should be applied to reduce the likelihood of failure and/or the consequg

of the faily
likelihood

igation activity

reat cannot be contrelled, the operator shall develop appropriate actions to mitigate
h acceptable level of risk.

s of mitigation”assessments shall be used to determine what additional preventior
measures.are required to reduce unacceptable risks identified in the assessment. Preven

re toah acceptable level. Preventative measures typically involve activities to reduce
pf-anevent.

res
ion
the
ent
ces

the

or

fion
nce

the

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

Plaps and response procedures for emergency situations shall be established and maintained

Sys
Sys
on 1
con

4.3
Thd

ematic evaluation of possible scenarios that can affect the safe and reliable operation af
em. Plans and procedures for contingency repair of the pipeline shall be established
he criticality of the pipeline system, based on factors such as safety, environniental, le
mercial considerations.

8 Failure management plan

operator shall develop procedures for pipeline failure investigation to ensure that a

approach is adopted and all aspects of a failure are reviewed. The failure investigation s

det
acti
tha
tos

4.3
The

ermine the root cause and contributing factor of a pipeline ‘failure and recommend
ons to prevent similar failures. This can include a targetéd risk management program
are not isolated. The operator shall setup a database to reécord relevant pipeline failure i
upport failure management.

9 Remaining life assessment

operator shall develop a remaining life assegsment for all pipeline segments and system

based on a
he pipeline
depending
bislative or

structured
hall aim to
corrective
for causes
nformation

5 and apply

updates as new integrity information is gathered, e.g. IL], 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
parpmeters occur.

Thg remaining life assessment.will be used to enable lifecycle management processes to halance the
risis of ongoing operation_with safety and protection of the environment and associat¢d costs of
opefrations and management,

4.4 Management eléements

4.4]1 Policy;ahd commitment

The
rev

operatorshall have a policy that expresses management commitment for developing, imp
ewing and continuous improvement of a pipeline IMP. The operator shall instruct person|

lementing,
hel to meet

its 1

equirements.

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

444 Re

The IMP sk
the followi

docunj
proces

statem

proced

A records
of records
quality of i

445 Co

A plan for
manageme

maintainedl.

4.4.6 Ma

A systema

system product being shipped,\design, operation or maintenance are documented and evaluated

their poten

4.4.7 Ma

Manageme
at regular
program. T

control of the operator

cords and documents management plan

hg:

ses;
ents of integrity management policy and objectives;
ures required by the implementation of integrity managerment.

ind documents management plan shall be developed tefacilitate the storing and retriey
and documents in a timely manner. The plan shall include means to confirm accuracy
nputs.

mmunication plan

reporting and communication to all stakeholders, including but not limited to employ
nt, authorities, customers, the publi¢;tocal officials and responders, shall be established

iInagement of change plan

[ic process shall be used/to ensure that, prior to implementation, changes to the pipe
tial risk impacts-and’'to ensure that changes are documented and evaluated.

Inagement review and audit plan

nt review/and audit of the pipeline integrity management program shall be condu
interyals to determine the adequacy, implementation and effectiveness of the integ

all be documented and effectively updated. Program items to be documentéd’shall include

ents and records needed by the operator to ensure the effective operation and control of its

ring
and

ces,
and

line
for

ted
rity

hefocus of management reviews and audits shall be on evaluating the following:

identif

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

conformity to regulatory and operator’s requirements;

ication 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

manageme

14

nt 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

5.1

5.1.

Integrity management for the pipeline lifecycle phases
General

1 Objectives

ng) along with operations and maintenance activiti

lough these activities would follow recognized standards, it is important to realize that
minimum standard might notidentify potential long-term integrity issues, Therefore, it ig

igners, procurers, constructors, operators and maintenance personngl and integrity m

ses (which entails includes components such as design, procurement, fabrication, co
missioning, operation and maintenance) and integrity. 5.3 identifies areas where change
pipeline lifecycle phases could be needed to aid in long terim)integrity management.

(including
bs have an

Conformity
important

pview pipeline risks at handover from each pipeline phase and throughout the integrity lifecycle.

Anagement

Ctitioners shall be aware of 5.3 that highlights the interrelatien”between the pipelife lifecycle

hstruction,
s in each of

5.1)2 Principles

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

a) |Risk-based approaches to integrity manageémient shall be applied. Clause 6 provides ghidance on
risk assessment methodologies.

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

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

d) |[Any deviations shall bereviewed to evaluate impacts on integrity.

e) [Pipeline segmentsshall be designed according to ISO 13623, or a similar standard, to acjommodate
ILI tools. WhereJLlFaccommodation is not practical, e.g. short service life, short connectlions or off-
takes, the operator shall identify an appropriate alternative integrity assessment method.

f) |Dataisregarded as the foundation of a pipeline integrity management and the operator ghall have a
comprehensive plan for collecting, managing, retrieving and analysing all data sets.

5.2( cKey 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.

© IS0 2019 - All rights reserved 15


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

ISO 19345-1:2019(E)

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 Ge

Integrity 1
studies thi
maintenan

All threats
therefore, 1
to the on-g

Each of the
phase shal

The perso
issues and
matter exf
issues that

neral

ce/management techniques.

to the integrity of the asset shall be identified and controlled throughout the lifecy
he elimination of the threats by improvements in design can provide a significant advant
ping safe and reliable operations of the pipeline.

lifecycle phases has opportunities to mitigate or control integrity threats and each life c
be adequately designed and controlled to optimize the integrity gversight.

inel responsible for each lifecycle phase should be familiar with basic pipeline integ
concepts. In addition, a process shall be developed where: the pipeline integrity sub
erts will review each lifecycle phase to determine if theré are potential pipeline integ
need resolution.

5.3.2 Feasibility

5.3.2.1 (

At the feag
with the p
and action
reduce the
reliability

5.3.2.2 K

At this pha
and delive
reduced oq]

Optimized
difficulties
terrains, p

)bjectives

ibility phase of the integrity management lifecycle, the key integrity risks are associz
hysical attributes of the route. Proactive avoidance of threats is a critical design objec
at this phase in the lifecycle can(provide significant benefits during construction. This cc
level of future mitigation being applied throughout the pipeline lifecycle, leading to impro
ind reduced operating cost:

rinciples

ry points. Modifying the route would typically increase the overall pipeline length
eration and miaintenance costs can warrant the increased construction cost.

routingsean take into account many of the key potential threats by avoiding obv
during construction. Improved routing to avoid geographic features such as mountain
brmafrost, major rivers, flood plains and swamp zones can provide significant construc

jlity

ough to abandonment and heavily influences the design considerations and the ongl

ing

cle;
age

ycle

rity
ject
rity

ted
tive
uld
ved

se in pipeline development, the basic route selection is often a straight line between supply

but

ous
ous
fion

improvem

£ O+l A | 43 £+l L. 3 L. d r's +la H 1s £,
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est

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
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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

pip
env|
Wh
imp

5.3

5.3

At t
wit

confirm that suitable physical and procedural protective methods have been i
bline segments, especially CCAs, shall be validated including consideration of future.cha
ironment, e.g. future urban growth, rezoning.

bre special construction methods or processes are utilized, they shall be asséssed to det
act on future integrity and necessary mitigation that might be required.

4  Procurement

4.1 Objectives

he procurement phase of the integrity management lifecyele, the key integrity risks are
h meeting the quality and functionality of the materials-detailed by the designer. Proactivg

of imappropriate or defective material at this phase in thelifecycle can reduce the risks asso

fail

In
fun

5.3

Att
Dur
hav

ire during testing and operation.

he operating phase, poor procurement decisions can lead to substandard equipmen
Ctionality or safety and can be significant to@he economic performance of the assets.

4.2 Principles

his phase in the lifecycle, the quatity of the final asset can be directly related to the materi
ing design, specific materials will have been selected for the required operation envelopg
e been specified to deal with-the risk from identified threats. Failure to obtain the desir¢

plemented,
hges to the

brmine any

associated
avoidance
riated with

t reducing

il supplied.

and might
bd material

quallity during procurement-could lead to substandard materials being installed which could introduce

intq
ver
spe
5.3

5.3

grity threats to the-pipeline. .Data management during procurement is essential t
fication of the material received and its source and specification to ensure they meet
cifications. These records shall be maintained throughout the life of the asset.

5 Fabrication

5.1 «Objectives

b facilitate
the design

At ghefabrication 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 pha
and storag
during ha

do not sus
handling t

Any delay
their pote

53.7 In

5.3.71 (

At the cons
with failin

5.3.7.2 K

At this pha
are the ke)
and standg
re-work an
both the ti

In all case
and canre
shall be ca

As-built do
future yeat

In the ever
re-assesse

)

of each of the pipeline system components such as pipe, coating and fittings. Care is requ
dling and storage techniques shall be suitable for the items being handled to ensure‘that t
ain impact and are correctly stored to protect against environmental damage.,Appropr
chniques shall be designed specified and used with correctly designed storagefacilities

that can impact pipeline integrity during transportation and storage shall'’be reviewed
tial impact on the pipeline materials assessed and mitigated.

egrity during construction

pbjectives

truction phase of the integrity management lifecycle,the key integrity risks are associg
b to build the asset to the specification laid down by the designer.

rinciples

F aspects for management activities. Ediling to build the asset to the design specificat
rds for valid reasons shall be managed and assessed on a case-by-case basis. Construc
d even the repair of major defects.developed during construction can significantly incrg
me line and costs for construction:

, management of change will be required to confirm the suitability of any design char
Juire adjustment to the@rrangements for ongoing integrity and reliability. Risk assessm¢
‘ried out to identify any necessary mitigation adjustments to the IMP.

cumentation shallréflect the exact details of the final build to ensure that integrity issue
s can be investigated without requiring excavation/inspection.

t of any echange in the route during the construction phase, CCAs shall be re-identified
| for thexdesign optimization. Relevant information shall be updated from time to time in

event of a

nE change to pipeline segmentation identified during the construction phase.

fion
red
hey
late

and

ted

se in the lifecycle, the quality control of the construction works and records managenpent

ons
fion
ase

ges
ents

and
the

5.3.8 Pre-

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
safgty and failures. In addition, contingency plans shall be put into place in the event of a pipgline failure
durjing the pressure testing.

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

Dath records and retention of the records of the pressure testing are Cxitical requirefnents that
denponstrate initial safety of the pipeline and provides a degree of ongoing proof of ongging safety,
particularly where future changes to operating pressure are being considered and pipeline fefects are
beiI)g assessed.

Following pressure test, the pipeline shall be protected from all threats regardless of whdther it has
beeh 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 managenient lifecycle, the pipeline systems are implemented to
enslire that key integrity threat mitigation i adequate and records are retained.

5.3/9.2 Principles

Opgration personnel and integkity management practitioners shall be informed of any|mitigation
aspects built into the design gfithe pipeline including the interrelation between any particular integrity
asppcts built into the operdtional activities and the resultant integrity control.

The following principlés;shall be considered.

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

— |Construction design requirements to ensure pipeline integrity shall be incorporatdd into the
pipéeline 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.

assets

and schedule the maintenance into a documented maintenance system.

management practices to commence.

5.3.10 Op
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Pipeline sy
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integrity is
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incidents.
from the ¢
to enable
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5.3.10.2 H
The follow

The of
any re
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The inj
any im

The op
assess

The operator shall review/determine the planned maintenance requirements for new pipeline

Where GIS is being used, the data shall be uploaded within a suitable timeframe to enable integrity

eration and maintenance

)bjectives

stem operation and maintenance activities can directly impact pipeline integrity. Thug
xecuted on or in the vicinity of a pipeline, either by third party companies or the oper
be adequately designed and controlled throughout the operational phase to ensure
not compromised.

hanagement during operation shall primarily be pro-active to prevent damage and fai
The operator shall put in place an adequate organization/to-gather all relevant char
riginal data used for the first integrity assessment. Patential issues shall be identi
ronsideration of any necessary mitigation activities for every risk and threat during
1 period.

rinciples
ng principles shall be considered for pipelinéoperation and maintenance.

erator shall be adequately resourced te‘monitor operational conditions to detect and as
evant changes impacting integrity on-an ongoing process.

Relevant changes in operation (pressure cycles, etc.) shall be assessed to identify any spe

ty threats.

pact of any deviation from-operating procedures shall be recorded and assessed to iden
mediate or long-term-implications to pipeline integrity.

erator shall collectsufficient data to perform threat analysis, consequence analysis and
ments. Implendentation of the IMP will drive the collection and prioritization of additi

data elements required to more fully understand and prevent/mitigate pipeline threats.

Any tH
consid

Any ch

mitigat

er whether additional mitigation activities are required.

all
htor
that

ure
ges
fied
the

bESS

Fific

tify

isk
nal

reats tovintegrity and issues identified during operation shall be recorded and used to

ange to the operating environment of the pipeline including land use shall be assessed

and

ed as necessary.

es shall be considered and implemented as necessary.

indicators (KPIs).

20

Any incident during the operational period shall be recorded and mitigation against further
instanc

The performance/efficiency of the IMP shall be reviewed periodically using key performance
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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.
Thgsemodificationsshattbeevatmatedand-shatt bemamaged; retevant to-integrity,imaccordance with
profedures applied to a new construction.

5.3]11.2 Principles

Modlified pipelines shall be designed appropriately utilizing similar processes used for a ngw pipeline
to dnsure that any adverse change to threat levels are eliminated or avoided-where possilple. New or
chaphged threats and/or consequences shall be documented and mitigated.

Pip¢line as-built drawings and abandonment details shall be stored and/maintained in assocfiation with
theloriginal 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 remaqved, the abandoned sections shall be appropriately
decpmmissioned such that they are left in a condition that is safe for the public and the envijonment.

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 trapsfer along
the asset;

— |assessing the surfaee impact of pipe wall collapse;
— |positive isolatien and disconnection from existing operating assets;
— |retainirg CP on the asset;

— |madintaining 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) identiffication of the threats to pipeline integrity;

b) determination of the probability (likelihood) of failure (PoF) for each plausible threat;
c¢) determiination 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 (riskregister);
f) risk reduction through mitigation (see Clause 9).

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

Definition of objectives
and requirements
6.1

!

Team definition
6.2

1

Segmentation
6.3

!

Threat Identification

6.4
v v
PoF-assessment CoF assessment
6.5 6.6
| |
v

Mitigation Risk determination Risk acceptance
9.0 6.7 criterion

Reporting
5.8

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.

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.
[tis 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

d)

f)

g)

6.2

Ris]
rep
sha
ablé
for
des
and

6.3
Thd

identify the likely damage processes and to establish the most likely consequence scenarios.

The
cha
PoH

avoided where possible to ensure a good understanding of the mechanism behind thesg

Fully characterize consequences of failure — The risk assessment identifies and acknoy
full range of plausible failure scenarios. The consequences of all scenarios, no matter ho
should be quantified. Any interaction or overlap of threats should be taken initg account

Produce risk profiles - The risk assessment shall produce a continuous profile of risk 1
the pipeline. The risk assessment might segment the pipeline where risks are essentiall
to provide a simplified review of the pipeline profiles.

Control the bias - The risk assessment shall generate transparént results. The assessmg
free of inappropriate bias that might lead to incorrect concldsions.

Appropriate aggregation - Summaries of the risks présented by multiple segments if
Guidance of segmentation can be found in 6.3. Aggregation of risk shall be utilized to ay
statistics that can mask the real risks presented by the segments.

Team definition

k assessments shall be carried out by*a group that includes competent and e
resentatives of those responsible for operating, maintaining and managing the pipeline sy
| have adequate knowledge of the system to be able to determine accurate PoF and Co
to define practicable mitigatiom measures. It is important to involve those who will be 1
the various disciplines during operations, (or alternatively the relevant technical authori

effectiveness of proposed.operational mitigations.
Segmentation

segmentationf of a pipeline allows for a clear understanding of the presence of threats

pipelinevsystem shall be divided into segments based on pipeline characteristig
Factekistics of the area through which the pipeline passes. The choice of segments shall b

sults.

ledges the
w unlikely,

bvels along
y the same

bnt shall be

desirable.
boid simple

kperienced
stem. They
F and to be
esponsible
fies), in the

gn risk assessment cycle tosensure that they agree with the assessment of risk and the practicality

in order to

s and the
e such that

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)
b)

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

threats;

c) mostlikely 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
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Threats to
pipeline. In
Identificat
through a

and

threats can be identified based’on an analysis of industry-wide pipeline failure history and opera
pipeline systems:=Processes such as hazard identification (HAZID) study and failure
TA) can alsolbe'ised as an input to the threat identification.

of similar
analysis (K

The follow

a)
b)
c)
d)
€)
f)
g)
h)
i)

24

diameter

walll thickness
coating type
population

pipgline segment

to8 pipEline segment No.

Threat identification

il
6

Figure 4 — Example of pipeline segmentation

the integrity of the pipeline shall be regularly identified throughout the service life of
addition, threats shall be determined based on an analysis performed at each lifecycle ph
on of potential or known threats for each lifecycle phase can be based on data obtained
bipeline lifecycle quality.dssurance process that utilizes quality control data such as de

the
hse.

bign

data rg¢views and inspections conducted throughout the lifecycle. In addition, potential or kn¢gwn

feasibillity;

ng list illustrates typical pipeline lifecycle phases:

fion
ree

design;
procurement;

fabrication;

transportation and storage;
construction;

pre-commissioning and commissioning;
handover;

operation and maintenance;
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modifications;

decommissioning/suspension/abandonment.

Table C.1 in Annex C provides an example of threat categorization and associated causes of occurrence

dur

6.5

ing each phase of the pipeline lifecycle.

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.

Thd

anallysis. The effects of existing mitigation measures shall be taken into account incthe es

the

Wh
by ¢
sys

In 3
“cor
tod

Intd
acc

Thd
coll

6.6

6.6
Thd

Thd
are

Est

PoF can be estimated using industry-wide or company failure statistics, or by using'a pj

PoF.

bre historical data are used for frequency analysis or for validation of frequency analysis
ther methods, the suitability of the data and its compatibility with the ch@sacteristics of t
em being analyzed shall be considered.

rosion” can result from localized pitting or from uniform metaHoss over a large area. Bo
ifferent failure modes.

raction of threats and of the associated damage mechatiisms shall be considered and
unt in the PoF assessment.

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

Consequence of failure assessment

1 Consequence assessment

consequence of failure can be expressed in categories such as:

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

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

impact on busintess (deferred production, reputation, societal effects, operations, repair,

consequenceé assessment for each category shall be carried out by a competent specig

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

h. The consequence of failure shall be determined for each failure mode for each segment]

obabilistic
rfimation of

conducted
he pipeline

ssessing the threat, the mechanism of the threat shall be considered. For example, the threat of

th will lead

taken into

ively on a

etc.).

list in that

nature of containment e o ogas orliauid ionition flammabilityv toxicitv reactivitv disned
TGS T =) 7 rg 7 7

pipeline properties, such as pipeline diameter, wall thickness, type of coating, pressure,
pipeline topography and elevation profile;

population density (potential impact radius) and environmentally sensitive areas, suc
bodies, etc.;

failure mode, such as leak or rupture;

sion mode;

etc,;

h as water

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_ar quantitative estimates to he made of the effects of the release at any distance from the

source for the duration of exposure.

Appropriafe 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 (ritical consequence areas for liquid and gas pipelines

Critical copsequence areas for liquid and gas pipelines can be categorizedas shown in Table 1.

Table 1 — CCAs-affected segments ranking

Plpe!m(' Item Ranking
mediung
A class 5 locationa. Rank III
A class 4 locationa. Rank III
A class 3 locationa. Rank II
o A populated area means a place that contains a concentrated population, such as an
Ijlqmd PIPE-  |incorporated or unincorporated city; town, village, or other designated residential Rank I
line _|or commercial area as according te'local regulation and company policy irrespective
(category Hin |of class location.
1SO 13623) " - :
An unusually sensitive arga'such as an area of drinking water resource or ecological
resource as according-talocal regulation and company policy irrespective of class|Rank III
location.
Environment sefisitive area listed in 6.6.2.2.3 or according to local regulation and Rank III
company policyritfrespective class location.

a  (lasslogation 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 grea
which extenfls 90 m frémithe centreline of the pipeline to the identified site. For a pipeline greater than 762 mm in nomjinal
diameter anfl operating at a MAOP greater than 6,89 MPa, an area which extends 300 m from the centreline of the pipdline
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.

¢ Class E liquid pipelines have the same consequences as a gas pipeline.
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Table 1 (continued)
Plpe!me Item Ranking
medium
A class 5 locationa. Rank III
A class 4 locationa. Rank II1
A class 3 locationa. Rank II
Any area that contains a high traffic road crossing with the pipeline as according to Rank II
Gas pipeline local regulation and company policy irrespective of class location.
(category D, E¢|Anvareainaclass 2 location where the potential impactradiusis greaterthan 200 m
in IS0 13623) |and the area within a potential impact circle contains 20 or more persons; or any,
: . T . Rank I
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.
Any areaina class 2 location where the potential impact circle contains an identified
site; or any areain a class 2 location where the pipeline is within 90 m, 20Q or 300 m, | Rank I
contains an identified site or as according to local regulation and company policy.b

a |Classlocation is in accordance with ISO 13623.

b |For a pipeline not more than 305 mm in nominal diameter and operating at a MAQP 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 min 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.

¢ |Class E liquid pipelines have the same consequences as a gas pipeliné€.

All LCAs can be divided into three classes (see Table 1),'stuch that class I represents less sefious while

clags IIl 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 hot limited
to beaches, playgrounds, recreational facilities, camping grounds, outdoor theatres| stadiums,
recreational areasnear a body of water, or areas outside a rural building such as a religipus facility.

b) |A building that.isoccupied by 20 or more persons during at least 5 days a week for 10 wgeks in any
12-month pepiod. (The days and weeks need not be consecutive.) Examples include but arefnot limited
to religiousfacilities, 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-carg facilities,
refirement 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=0,0998+d%p
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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 isthe 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 Iength of the pipeline from|the
outermost|edge of the first potential impact circle that contains either an identified site or 20_é6r njore
buildings iptended for human occupancy to the outermost edge of the last contiguous potential impact
circle that fontains either an identified site or 20 or more buildings intended for human oceupancy [see
Annex D).
In a perfoymance-based program, the operator can consider alternate models that-calculate impact
areas and ¢onsider additional factors, such as depth of burial, which can reduce.impact areas.
6.6.2.2.3 | Environmentally sensitive area
An envirorjmentally sensitive area means a drinking water or ecologicakresource area that is unusufally
sensitive tp environmental damage from a liquid hydrocarbons pipeline release. The IMP shall define
environmentally sensitive areas for drinking water resources and ecological resources.
An envirojmentally sensitive area drinking water resourceds defined in accordance with local 13ws,
regulations$ and experience. The following list provides examples:
a) the wdter intake for a community water system;(CWS) or a non-transient non-community whter

systenp (NTNCWS) that obtains its water supply primarily from a surface water source and ¢

not ha

e an adequate alternative drinking water source;

oes

b) the sofirce water protection area for 3-CWS or an NTNCWS that obtains its water supply fronp an
aquifef and does not have an adequate alternative drinking water source;

c) the sole source aquifer rechargesarea where the sole source aquifer is a karst aquifer in naturg.

An envirohmentally sensitive @area ecological resource is defined in accordance with local 13ws,

regulation$ and experience. The following list provides examples:

— an arej containing endgangered species or ecological community;

— amult]-species,assemblage area;

— amigrptory;water bird concentration area.

6.7 Risk-détermination

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 asingle failure mode:
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3

b) For multiple failure modes 1 to n:
n
Risk =" p; xC;
1

where

C is the CoF;

p is the PoF;

1ton 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
incrreasing levels of overall risk as illustrated in Annex B.
Qudntitative risk assessments can be carried out using deterministic and probabilistic appraches.
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 functipn of time.
In quch 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 explairjed and the
uncertainties surrounding estimated risk should be.setout 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) |threatidentificatiomresults;
f) |PoF analysis results, including assumptions;
g) |CoF analysisTesults, 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;
1) references, including all sources necessary to support any models or analytical techniques

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

6.9

applied; and

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)
b)
‘)
d)

changes in design or operation of the system;
changes to the pipeline environment;
unexpected results of mitigation measures, e.g. measure is not effective; and

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 in

idents or on systems of similar nature

7 Inspe
7.1

7.1.1 Ge|

ILI is an important method in the investigation of the condition of a pipelinie~The effectiveness of]

ILI tool useé
selected to
selection,
Where reg
as refereng

ASNT
NACE
NACE

Additional
requireme

In-line inspection

API St 1163;

ction and monitoring

neral

d depends on the condition of the specific pipeline section to bejinspected and how well
ol matches the requirements set by the inspection objectives/see Table 2). ILI planning,
apabilities and qualification of personnel might be dependent on regulatory requireme
1latory requirements do not express detailed guidance;.the following standards can be u
es:

LI-PQ;
5P0102;
35100.

guidance could be found, from other industry practice such as specifications
nts for in-line inspection ofpipelines defined by the Pipeline Operator Forum.

712 B

The basel
issues intr
inspection
inspection
interventid

Consideratj

]

ime inspection repkesents the earliest condition of the system to identify any integrity reld

eline inspection

bduced during.the construction phase and acts as a reference for comparison with fut
activities. It is considered a common practice and a good project approach to let the base
coincide/with the as-built survey. The as-built survey also takes into consideration all
n works‘performed before, during and after the pipeline installation.

the
the
fool
nts.
sed

and

ted
ure
line
the

ioh shall be given to executing the baseline inspection before handover of the pipe

line

system int

b H | 4o 4=l | . £ 4o H | de. b il H
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are compatible with the design basis.

me

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
foll wing:

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 récord;
d) |success rate/failed surveys and service provider;
e) |ability of detection and classification, sizing accuracy and locatien accuracy of the tool;

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

g) |impact to quality of data collected considering the ndture 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

Metal loss detection tools Crack detection
tools
. Defor-
Imperfection/ Magnetic flux leakage (MFL) Ultl‘:’:l- Ultra- mation
Anomaly sonic : .
defect/feature Trans- sonic detection
Standard |High res- verse com- shear | EMAT tools
resolution | olution pre- m
MFL ssionm | Wave
Exterr}al Detectiona
Lorrosion sizingb—PetectioBeteetio—BeteetioBeteetior T
Metal loss Internal No ID/OD na na na na . :
. i L b b b b detection tion
corrosion discrimina- | sizing sizing sizing sizing
Scratches tion
Narrow axial ex- . Detectio- | Petectio- | Detectio-| Detectio-| ;. 5% N detdc-
. Detectiona na na na ; .
ternal corrosion na S S .1 |detestion tion
sizing sizing sizing
Limited . .
Stress corrosion . No detec- | detectio- | No de- Detectio-) Detectio- No detgc-
. No detection . . na na .
cracking tion na, ¢ tection LN\ b tion
RS sizing sizing
sizing
Limited . .
. . | No detec-| detectio- | No de- Detectio- | Detectio-| o qardc.
Fatigue cracks |No detection : : na na :
tion na,c tection b b tion
b sizing sizing
Crack- S1Z1ng
like Long seam
ano- cracks, etc. (toe
mal i0- io- io-
y cracks,. hook _ No detec- Detectio No de- Detectio- | Detectio No detdc-
cracks, incom- |[No detection . 1ma, ¢ . na na .
. tion i ob tection s ob s ob tion
plete fusion, sizing sizing sizing
preferential seam
corrosion)
Circumferential . Détec- |\ detec- | Node- |Petectio-|Detectio-| g d.
No detection| - tion¢ . . na na .
cracks b tion tection i bod | <iningb.d tion
sizing sizingb. d | sizingb,
Hydrogen-in- | No detec- | No detec- | Detectio-| Limited | €U0 No detde-
duced cracks |Nodetection . . . na .
tion tion na detection| . . tion
(HIC) sizing
NOTE Fron] NACE SP0102:2010+
a  Limited|by the detectable-depth, length and width of the indication.
b Defined|by the sizingaccuracy of the tool.
¢ Reduced probability of detection (POD) for tight cracks.
d  Transdycers to be rotated 90°.
e Reducedprobabitity of detectiomr (PODdepermding upomrsizeamdstape:

f Also circumferential position, if tool is equipped.

g  Sizing notreliable.

h  Iftool is equipped for bend measurement.

I Composite sleeve without markers is not detectable.
i Iftoolis equipped, dependent on parameters.

k  Iftool is equipped with mapping capabilities.

I Sizingis tool dependent.

m  [LI 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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wafarantial o,

Defined by the’sizing accuracy of the tool.

Transdticers to be rotated 90°.

lic acoiiin

Reduced prelability of detection (POD) for tight cracks.

nad

Limited by the detéetable depth, length and width of the indication.

Reduced probability of detection (POD) depending upon size and shape.

Metal loss detection tools Crack detection
tools
- Defor-
Imperfection/ Magnetic flux leakage (MFL) Ultra- Ultra- mation
Anomaly sonic .
defect/feature Trans- sonic detection
Standard |Highres- verse com- shear EMAT tools
resolution | olution pre- m
MFL ssionm wave
. Detec- Detec- Detec- Detec- No de- | Detectionf
e,
Sharp dents Detection® 8 tione, 1 tion® 8 tion® 8 tion® 8 | tection sizing
. Detec- Detec- Detec- Detec- No de-O}|Detectionf
€8 . . . . . ..
Smooth dents | Detection tione.! tione 8 tione 8 tione 8 | tectien sizing
Deforma- Buckles Detectione Detec- Detec- Detec- Detec- Nolde- ||Detectionf
tion tione, 1 tione 8 tione 8 tione g ,| jtection sizing
. . . Detec- Detec- Detec- Detec- No de- |[Detectionf
€8 . . . . . ..
Wrinkles, ripples | Detection®8| ;001 | ioneg | tionee | tions® | tection || sizing
- . No detec- | No detec- | Node- [No detec-| Node- ||Detection
Ovalities No detection . . . . . b
tion tion tection tion tection sizing
In-li 1 . . . D - . D - .
n-lne valves and Detection |Detection| Detection e_tec Detection gtec Detection
fittings tiod tion
Casings Detection |Detection | Detectiomn) 0 46 | No detec- | No de- 1 No detec-
(concentric) tection tion tection tion
Casings Detection |Detection | Detédtion | NOde- |Nodetec-| Node- | No detec-
(eccentric) tection tion tection tion
Bends Detection |Detection| Detection L1m1t_ed lelt(.ad lelt?d Det_e_ctlohn
Midc. com- detection| detection |detection|| sizing
nents - ; ; .
P Branch appurte Detection |Detéction| Detection De.tec Detection Dgtec No (_ietec
nances/hot taps tion tion tion
Closg metal Detection” ,/Detection | Detection No (.1e- No <_jetec- No Qe- No (_ietec-
objects tection tion tection tion
Thermite welds |No detection No Qetec- No Qetec- No (_ie- No (_jetec- No Qe- No (.1etec—
tion tion tection tion tection tion
Pipeline No detection D?teﬁ- Detectionk D?teﬁ- D?teﬁ- No de- Detectionk
coordinates tion tion tion tection
NOTE From NACE SP0102:2040.

1

m

o

Sizing not reliable.

If tool is equipped for bend measurement.

Composite sleeve without markers is not detectable.

If tool is equipped, dependent on parameters.

If tool is equipped with mapping capabilities.

Sizing is tool dependent.

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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Table 2 (continued)

Metal loss detection tools Crack detection
tools
- Defor-
Imperfection/ Magnetic flux leakage (MFL) Ultra- Ultra- mation
Anomaly sonic . i
defect/feature Trans- sonic detection
Standard |Highres- verse com- shear EMAT tools
resolution | olution pre- m
MFL ssionm | Wave
Type Arepair | oo tion |Detection| Detection | N0 d€- |Nodetec-| Node- | No detec-
sleeve tection tion tection tion
Composite sleeve | Detectioni Detec- | pyotectioni| o de- |Nodetec-| Node- | No detgc-
tioni tection tion tection tion
Previous | - Type Brepair | po o tion |Detection| Detection | P€% | Detection| DEteC o NO detge-
repairs sleeve tion tion tion
Patches/half soles| Detection |Detection| Detection Dgtec- Detection De_tec- No glet( “
tion tion tion
puddle welds Limited Limited | Limited | Node- |Nodetees| Node- | Nodetgc-
detection |detection| detection | tection tion tection tion
. L L Detec- X .
Laminations Limited Limited | Limited tion ldmited | Node- | Nodetgc-
detection |detection| detection sizingp detection| tection tion
. . . N Detec- N
Inclusions (lack Limited Limited | Limited Non Limited | Node- | Nodetgc-
of fusion) detection |detection | detection Mingb detection | tection tion
Cold work No detection No qletec- No Qetec- No qle- No Qetec- No (Ele- No (.iet( c-
tion tion tection tion tection tion
. Hard spots No detection Detec- | Neldetec- | Node- |Nodetec-| Node- | Nodet¢c-
Misc. p tion) tion tection tion tection tion
damage T
. Limited 1m1t(? 1m1t<? Detec- | Detectio-| Node- | No detg¢c-
Grind marks . dete€tio- | detectio- . b b - -
detection? tiona, na tection tion
na na b
Strain No detectioh} NO detec- | No detec- | No de- | No detec-| Node- | o b s
tion tion tection tion tection
Girth weld anom- | Linmited Detection No detec- | Detec- Detec- Detec- | No detg¢c-
aly (voids, etc) | detection tion tion tiond tiond tion
Scabs/slivers/ Limited Limited | Limited | Detec- |Detectio-| Detec- Limitdd
blisters detectiona |detection |detectiona| tiona, b nab tiona, b | detectipn
NOTE Fron] NACE SP0102¢2610.
a  Limited|by the detéctable depth, length and width of the indication.
b Defined|by the.sizing accuracy of the tool.
¢ Reduced probability of detection (POD) for tight cracks.
d  TransducerstobeTotated90=

e Reduced probability of detection (POD) depending upon size and shape.
f Also circumferential position, if tool is equipped.

g  Sizing notreliable.

h Iftool is equipped for bend measurement.

I Composite sleeve without markers is not detectable.

i Iftoolis equipped, dependent on parameters.

k Iftool is equipped with mapping capabilities.

1 Sizingis tool dependent.

m  [LI 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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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
avalid 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/recelver fac111t1es and any other mOdlflCatIOIlS can be either temporary

His
etc.
acti

Thd
the

7.1
Acc
qu

NO1
of p
dan

NOT
senf

7.1

7.1

map

flrmed with the vendor as not posmg a rlsk to the 1nspect10n tool Partlcular attentlon 3
otential issues such as bend radii for ILI tool passage and the type of valves existingon t
em. In addition, all valves that could be used are serviced and confirmed to be fully-func

3.4 ILIrisk management

igr to project commencement, an ILI implementation plan shall be developed and ILI risk m

frol measures shall be prepared to eliminate or reduce risks such @s ILI and cleaning
'k, stopped or damaging the pipe.

orical data should be evaluated for anticipated contaminant deposits such as scale, dug
to reduce the risk of the ILI tool becoming stuck. The{results of current maintenar
vities in the pipeline aid in the cleaning program design.

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

4  Acceptance of inspection data

bptance of inspection data shall be based on two primary principles: data completenes
ity; which describe the nature and\quality of the collected data as expected for use i
agement processes.

E1 Data completeness refers.to the data collected versus expected for the inspection run. It
peline length, diameter andthe humber and types of sensors. Data completeness is impacted by:

E2 Data quality yefers to the quality of the data collected. Data quality is impacted by noise sg
ors (mechanical yide,¢electrical signal noise), product debris, poor coupling characteristics or sp

5 Reporting requirements

5.1 ~General

The

age, debris and other factors-and is assessed for the intended segment of pipeline to be inspected.

ectified or
all be paid
he pipeline
fioning.

anagement

fools being

t, paraffin,
ce pigging

hnd reduce

s and data
In integrity

s a function
sensor loss,

urces to the
ped.

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

provid

ed where anomalies in girth welds and spiral welds exist.

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

After com

rielareport

bletion of the ILI field inspection, within an agreed time frame, the inspectiof\ser

Vice

provider shall provide an initial report notifying the operator if the inspection was successful/The flield

report sha
a)
b)
‘)
d)
e)
f)

7.1.5.2.2

data sg
inspec
report
speed
count

statist

After comy
within the
example, fi
loss for th
assessmen
features off

7.1.5.2.3

l include, but is not limited to:

mpling frequency or interval;

tion threshold;

threshold; if report threshold is unspecified features of POD = 90 % shall be adopted;
curve, pressure curve and temperature curve of inspection-tdol operation;

pf damaged sensors; and

cs of return loss if an ultrasonic testing tool is run.

Preliminary report

agreed to timeframe. The initial repott-shall cover all items agreed to in the contract.
batures of metal loss with peak depth exceeding 70 % of pipe thickness; features of m
b five most serious places, or if"estimated pipeline parameter data relating to a presg
L of features of metal loss was available in preparation of the preliminary assessment rep
metal loss of exceed a predetérmined estimated repair factor (ERF) shall be provided.

Final report

After completion of the field\inspection, the ILI vendor shall submit a final report within the agy

timeframe

The final r

eport typically includes the following:

ew ofiinspection project, including pipeline defects;

letion of field inspection, the inspection service provider shall submit a preliminary report

For
etal
ure
ort,

eed

hidnce index of inspection technology;

a) overvi
b) perfor
<)
d) operat
e)
f)
g) defect
h) defect
i)
36

inspection time;

ing data of inspection tools;

pipeline list;

list of anomalies;

statistics and summaries;

assessment method;

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 weldq and girth
welds; and

f) |generating an excavation list.

7.1/6 Excavation verification

Excpvations are required to verify whether the LI results conform to the stated ILI sp¢cifications
outlined in the contract. The operator and ILI:¥éndor shall work together to confirm anomalies as per
thelinspection 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, baseéd-on field inspection results, continue to improve efficiency and
prefision of data analysis utilizing“the on-site inspection results. If the inspection repoit does not
corfelate with the excavation verification, the operator shall require the ILI provider to re-gnalyze the
inspection data. If the data cdnhot be validated, the inspection tool shall be re-run.

7.2 Aboveground inspection

Abdveground inspection is intended to identify coating defect location and estimate corrosjon activity
of the pipeline.

The pipeline\Jocation and buried depth can be detected from GPS coordinates of the pipeline and
pip¢line depth detection equipment.

Abgveground location measurements should be referenced to precise geographical locptions 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 UTj

shape of thie indication. UT could determine the localized location and size of the defect.

Cross valid
complexity

In additioy

7.4 River crossing inspections

7.4.1 Ing

A list of submerged river crossings that require inspection shall'be maintained with the appropn

inspection
bank s
curren

land m

Underwate

other condjitions that can affect the'safety or integrity of the crossing. Under-river crossing segme

should be
river bed. (
river crosg
approved 1

7.4.2 Ins

A list of s
structures

floodimg that impacts the pipeline;

are mainly used to detect internal indications. RT could determine the location, size

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

pecting submerged river crossings

frequency. Rivers that exhibit the following characteristics should be considered for the

tabilization issues;
t shallow cover;
ovement.

r crossings shall be inspected'periodically for adequacy of cover, accumulation of debris

periodically inspected te’ensure enough buried depth for integrity of pipelines below
onsideration should be made for previous inspection data when establishing the appropn
ing inspection fréquency. Alternate inspection methods, e.g. sonar, fathometer, should
hethods within the IMP.

pecting&Structurally supported river crossings

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

and

the

to direct non-destructive testing, for indications that are assessed,te)be defects which
require retpoval for mitigation, the removed sections should be used to validatethe NDT.

jate
list:

and
bnts
the
late

be

the

rollers

38

soil-to-

structures susceptible for corrosion, damage and misalignment;

air interface;

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

, brackets and clamps;

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

tec}' nigues tomaonitorthe effectiveness of an internal carrasion-control nroaram shaould incl
et co-—1HHO 1t —cit T+ crv-et1t Tt Tcer et L TO+t e o progat oo

1de but not

bel
a)
b)
‘)

d)
e)
f)

7.5
mo\

mited to:
chemical composition (e.g. CO2, H3S, water);
monitoring the ongoing operating conditions;

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

NDT, such as ultrasonic or eddy current wall thickness measurement;
visual inspection of the internal surface of cut-outs; and

internal electronic inspection equipment.

4 The operator should monitor the pipeline for ‘stress changes, due to displacem
rement for pipeline sections that suffered from:landslides, floods, geological subsideng

bn probes,

bnt or soil
e, etc. (e.g.

inspections using in-line geometry tools, survey:techniques, and slope inclinometers). Olpservations

fro
eva

7.5
con,

8

8.1

Intd
the

n real-time monitoring systems can provide.@larm notifications and provides reference to
uations.

5 Real time monitoring systems.‘to detect leaks, theft and/or third party interferen
sidered for IMP activities.

Integrity assessment

General

future risk

re shall be

pipeline for service. Assessment can be carried out on anomaly data obtained throu

ins

durjng direct examination.

The process evaluates whether:

h indirect

grity assessatent methods include fitness for purpose assessments to assess the su(Etability of

ection, €.g.' ILI data, pressure testing or from the direct measurement of a defects

imensions

a)

b)

8.2

8.2.

there is sufficient structural integrity to withstand all forces to which it can be subjected to during

current and future service;

the pipeline is able to operate within prescribed safety margins.
Fitness for purpose

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) statistjcal analysis of changes between two or more time periods.

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

8.2.3 Askessment method selection

The defect] assessment methods shall be selected taking into consideratiefr’the following varialjles:
defect type¢ and characteristics, load type, service fluid type, pipe materiakproperties, limitations pnd
confidence|level of the methodology.

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

Table 3 — Assessment standards for defect types

Types of defects Assessment standards
ASME B31G
APIRP 579-1
BS 7910
DNVGL-RP-F101
APIRP 579-1
BS 7910
APIRP 579-1
BS 7910

API 1156
APIRP 1160
APIRP 579-1
Dents ASME B314
ASME B31.8
AS 2885.3
CSA 7662
APIRP 579-1
BS 7910
APIRP 579-1
BS 7910
APIRP 579-1
BS 7910

(orrosion (internal, external)

Gouges

Manufacturing defects

Girth weld defects

Seam welding defects

Spiral weld defects
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Table 3 (continued)

Types of defects Assessment standards
APIRP 579-1
Cracks
BS 7910
Environmental cracking: APIRP 579-1
stress corrosion cracking (SCC);
hydrogen-induced cracking (HIC). BS 7910

8.2.4 Residual strength and remaining life assessment

8.24.1 General

The
dep
ope]
bec

endent on the availability and accuracy of data relating to the defect. Where data is 1
rator shall use conservative assumptions and shall update the assessments once acq
bmes available.

Safq
use

ty factors shall be determined by the operator and applied to allccalculations of pipeliy
for remaining life considerations.

The
applicable safety coefficient. Where the defect strength doeswnot satisfy the proposed ser
MADP, the defect shall be scheduled for repair or removed.er the MAOP adjusted.

And
con
The
the
Defi
unc
gro

maly residual strength and predicted remaining evaluations based solely on ILI data, s}
ducted if the ILI data is correlated with the appropriate number of field verification e

operator shall determine the appropriate nmumber of verification excavations that dg
correlation of the ILI results with an approepriate level of confidence to be used in the a

ertainty and probability of exceedance associated with variables such as defect sizin
wth rates and operation loads as patt'of the evaluation.

WhEn conducting remaining life calculations, the defect repair time shall be the time from
idemtification of the defect untitthe time the defect will be excavated for evaluation and poss
ILI fesults will be re-validated with ongoing excavation results and if applicable modificat
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 ad
as feducing the-pressure, defect removal or repair, shall be undertaken. The operator sh
to demonstrate that the mitigation action taken has rendered the defect safe for continu
opefration,

ability to accurately determine the residual strength and any impact upon remaining life is

mited, the
urate data

e strength

remaining life of defects shall be predicted based upon, thé defect growth, failure mgde and an

vice life at

all only be
Kcavations.
monstrate
ssessment.

bct residual strength and predicted remaining life calculations shall consider all of the relevant

b, assumed

the initial
ible repair.
ions to the

tions, such
all be able
bd pipeline

8.2142

Al‘rppfnnl‘p 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
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periods where the defect is assessed to have a calculated failure pressure being less than.the de
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8.3.1.1 A

assessmentg

mitigation is required for situations where the main crack development mechanism
fied and assessed to be safe to remain in service. Remaining life assessments shall-cons
Figue and/or growth mechanisms. Mitigation shall be undertaken prior to any future ]

br multiplied by MAOP.

L.cceptability criterion for dents

be assessed using standards listed in Table 3 or other acceptable standards. Cracl
with the dent shall be identified and ground out and the pipe reinforced as necessary. Wt
t possible, the dent shall be removed. Dent dimensions shall be’reassessed after excava
consideration any re-rounding that might have occurreds

L.cceptability criteria for weld defects

fects shall be assessed for their suitability for.ongoing service. Where repair is necess|
mporary mitigation shall be applied until repaixs can be completed.

fects that are unsatisfactory and cannot be repaired safely shall be removed from servid

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

porting requirements

hall be prepared that specifies the defect type, cause, actual dimensions, pipe and coa
and any relevant soil and topography information and the repair actions taken.

sure test
neral

pressure test, also known as hydrostatic testing or pressure testing, is a pipeline integ
method recognized by oil and gas transportation industry that evaluates a pipeli

capability
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(ing
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ary,
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he's

[0 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.ahd/qr integrity
assessment.

b) |The pipeline has been in operation at a pressure lower than the desigried’ 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 prdctices, and
shal|l 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 targeteéd 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 pressurle required
producing a heop’stress equal to SMYS as determined by testing. An extensive safety assessment
shall be condueted to ensure the pressure testing does not pose a threat to safety.

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

d) |@riginal 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;
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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 (

The opera

operator shall also conduct a material property analysis to ensure the pressure test does net impact

materials.
determine
according
pressure te

The operat

replacement and temperature variations; methods such as finite element analysis (FEA) can be use

identify sti

The operat
safety or e

The operatlor shall ensure that personnel is adequately trained and qualified prior to pressure test

Records of]

The operaffor shall ensure that the pressure test plans‘include reviews of field conditions; accessib

f post-test experiences.

for shall formulate a detailed pressure test plan that includes the identified (yisks.

Where material properties are unknown, the operator shall conduct tests of the material
their properties. The evaluation shall include calculation of the strength-of*materials
fo relevant standards and codes and shall be included in the formal do¢iimentation off
st.

or shall conduct an assessment regarding changes in pipeline stresses caused by the med

ess changes requiring controlling.

or shall prepare emergency response plans in relation té pressure testing, to mitigate
hwironmental consequences associated with pressure testing.

training shall be kept as part of the pressure-test activities.

The
the
s to
sed
the

um
d to

any

ing.

lity

and logistjcs for temporary facilities as needed for performing water pressure tests including
capabilitie$ to capture and dispose of testing préduct.

8.3.6 Mgnitoring of pressure test procedures

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

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

Line patrollers shallybe arranged along the pipe segments tested to directly observe any pipeline
medium rellease or-abnormal ground movement or changes.

The opera
assign rele

and

of-shall inform residents adjacent to right of way that the pressure test is occurring

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 testreport

The pressure test assessment report shall include:

a)
b)

project information;

pressure test plan;

‘)
d)
e)
f)
g)

8.4

8.4

Dir
the

a pipeline system or segment with the results of iispection, examination and evaluation,

det

Dir
cor

Ing
a)
b)
)
8.4

Dir

Tecords of the pressure,

defects and anomalies detected;
repair-related information;
reassessment period;

conclusions.
Direct assessment

1 General

bct assessment is an integrity assessment methodcutilizing a structured process thrd
operator is able to integrate knowledge of the physical characteristics and operating

ermine the integrity.

bct assessment is applicable for three types of time-dependent defects: external ap
"osion, stress corrosion crack (excluding-fatigue related threats such as corrosion fatigue

eneral, direct assessment is applicable for the following conditions:
pipelines where ILI or pressure test is not possible;
pipelines that require gostly renovation as evaluated by other methods; and

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

2 Direct assessment process
bct assessment usually has a four-element approach:

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

ugh which
history of
in order to

d internal

).

ection and

d)

8.4.

Indirect inspection.

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.

Post-assessment.

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
IS0 15589-1:2015, Annex D
ECDA NACE SP0502
NACE SP0210
NACE SP0206 (dry gas)
ICDA NACE SP0110 (wet gas)
NACE SP0208 (liquid petroleum)
SCCDA NACE SP0204

844 Li

itations of direct assessment

Each direct assessment method is tailored for implementing integrity assessment on one’main risk
ECDA is mdinly established for external corrosion) and requires users to follow the applicable standz
in their entirety. Direct assessment shall only be conducted by competent personngPknowledgeable in
the methodl. Results of in-line inspection can also be considered when doing dir€ct assessment.

8.5 Othe¢r assessments

e.g.
rds

The operafor might consider alternative integrity assessment methods providing the alternafive

integrity a
industry st

bsessment follows an industry-recognized methodology ahd is approved and published b
andards organization.

y an

IMP technilques other than those published by standards organizations can be utilized. However, when

utilizing a
to perform
comparabl

9 Mitig

9.1 Gen

The result
measures §
any unacg
Prevention
the likelihd

The proces
suitable dg

new technology, the operator should plan tg ensure that it has demonstrated its ab
an adequate assessment and provide an-.gegitivalent understanding of the pipeline th3
e to ILI, DA or pressure testing.

htion

bral

5 of assessments shall be/used to determine whether the current prevention or mitiga
ire adequate and if iecdessary, to specify what additional measures are required to mitig
eptable risks identified by the assessment including previously unidentified thre
and mitigatiomaetivities are designed to reduce the risk to an acceptable level by redu
od and/or the-consequence of a failure.

necessary.

ta collection, data integration and informational analysis within the IMP. Data integra
sequent analysis can identify additional threats requiring attention. Most importantly, |

lity
It is

[ion
bate
ats.
fing

s of establishing and implementing effective preventive and mitigation measures requjres

Fion
bcal

history around the pipeline componen

S is

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 Cc1 C2 C3 C4
Feared event Root causes Physical List of defects | How to monitor | How to mitigate
(failure mode) |(potential): pipe| phenomenon/
body/welds/ environment
components
Immediate: flow |Material Mechanical Gouges Visually Pipe protection
{eslt;rlctlon/ Process damage Dents ILI Repair
eak/rupture techniques
Futjure: flow Fluids Ovality NDT Qualitly control
res ttrlctlon/leak/ Environmental Vandalism Surveillance Identification
rugture
H factors (off-take) Commiunication
Human factors Depth|of cover
Surveillance
External External Visually CcP
corrosion corrosion ILI Mater]al and
related coatingg selection
NDT
Coupon Coatirlg
Surveillance application
ECDA Repaii
techniques
Coatirlg repair
Pressyre test
Interna_ll Intern:-il ILI Produft quality
corrosion corrosion
related Erosion NDT Inhibitors
Coupon Mater]al and
Corrosion coatingg selection
product
Surveillance Coating
ICDA appllc htion
Repait
techniques
Pressyre test
Operational
cleanihg/pigging
Incorrect Crack Visually Quality control
operation Buckling Leak detection Repaji
Wrinkle SCADA techniques
Hydrogen Pressure test Pressure
embrittlement derating
Seal failure Maintenance
Gasket failure program
Weld/pipe body |Grinding ILI Quality control
flaws Hydrogen NDT Repair
embrittlement |y sually techniques
Hardspot Pressure test
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Table 5 (continued)

A B Cc1 Cc2 C3 C4
Feared event Root causes Physical List of defects | How to monitor | How to mitigate
(failure mode) |(potential): pipe| phenomenon/
body/welds/ environment
components
Planar Pressure
Volumetric reduction
imperfections
Cracks HIC Visually Pipe protecti
scc ILI during T
transportatio
Fatigue cracks NDT Pressure reg-
SSC SCADA ulation (cycleq
) ) frequencies and
Corrosion fatigue Amplitude)
Hook crack Coating repaij
Temperature
regulation
Repair
techniques
Quality contrql
Pressure test
Weather related |External Visually Pipe protection
corrosion
ILI
NDT
Coupon
Surveillance
Geologichazard |Dents Visually Pipe protection
Ovality ILI Repair
techniques
Hook crack NDT Pressure test
Strain SCADA Dig
Surveillance
9.2 Preyention ofmechanical/third party damage
9.2.1 Geperal
Integrity nianagement requirements shall include protection against third party damage is sufficiehtly

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.
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4 Eipe wall thickness

h protecting against it. As the wall thickness increases the resistance to puncturefincrea

pipe thickness required should be determined during design to suit the{enivironme
tline will pass through.

5 Concrete capping/barriers

crete capping/barriers can provide a high level of protection against impact from third
viding a physical barrier that protects the pipeline whilst providing a warning to thirg
presence of an underground obstruction that requires investigation. Capping can also b
rovide side protection against boring. The thickness afid ‘Strength of the concrete is d
fect against the identified threat, however it cannot protect against repeated impact. T}
and side shields shall be designed so as not to interfere with cathodic protection.

6 Marker tape

ker tape can be laid during the construetion phase in the trench but above the asse
vides an early warning to third party exeavators of the presence of the pipeline below.

7 Pipeline markers

operator shall install permahent pipeline markers to alert anyone approaching a pipeli

point along the right-of-way and stand out from the surroundings. The signs shall be d
mote pipeline awareness, identify the operating company and provide contact informatio
mergency phone-huimber. The signs shall instruct third parties not to excavate in the vig
tline and shallbeJdocated where risk assessment has identified increased risks from pot
Ly interactiofy

bhysicalmeasures employed at construction shall be maintained throughout the life of t
not removed without a clear ‘management of change style’ review.

9.218~ Proceduralmeasuresduringoperation—— |

pipe wall provides protection against third party damage by limiting the extent of danjage rather

bES.

ht that the

parties by
parties of
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esigned to
le concrete

. The tape

he right-of-

 of the presence of the pipeline. To be effective, the markers shall be visible in both directions at

esigned to
h including
inity of the
ential third

he pipeline

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 Pi

line surveillance

The operator shall conduct surveillance of each right-of-way regularly using aerial patrol o o

means, su

as ground patrol, at a frequency to suit the identified risk.

When usingg aerial patrols, the operator should use a separate observer in addition to the;pilot in o1

to improve
photograp

9.2.12 Co

The operat
used for en

Where ond

effectiveness. Aerial surveillance with high resolution cameras can provide’geo-referen
1s of features identified along the right-of-way.

mmunication between operator and with third parties

or shall have a dedicated phone number for contact from third parties. Typically, this wil
nergencies and contact from the field for other operationalpurposes.

-call systems operate, the operator shall utilise the fagility wherever practicable to eng

that third parties have easy access to pipeline information and ‘dré professionally managed through

liaison pro
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cating and marking

for should determine if any known third-party excavation activities could affect on
pr’s pipelines. Lines of communication should be established with the third party. If
activities will encroach onto the“operator's right-of-way, the operator shall locate
at could be affected and mark itslocation with temporary markings prior to the excava
hencing. The operator shall have standard procedures for such activities and can requi
spector to be present on site'throughout the activity.

and temporary markings shall indicate the location of the centreline and size of the pipe]
s of the pipeline (0r)pipelines if it is a multiple-pipeline right-of-way). The operator s
markings if theCpipeline becomes displaced by excavation or degraded with the pass
il all excavatien activity has ceased. Markings without physical or visual identificatio
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the pipeling location shéuld be considered advisory and no excavation shall occur until the locatign 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.

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.
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Corrosion control systems

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.

sha
soil

can|
give
ISO
ind

9.3

potentials. At areas where potentials fall outside the required potential level, the Ops

evels into conformity either by making sufficient repairs to the coating, electrical cable ¢
or by increasing the current outputs of existing anodes/adjustment of the rectifier. TH
also employ one or more of the ECDA techniques to enhance the mitigation of.external co
n pipeline segment. Induced AC corrosion has become better understoodyand should be
18086, ISO 15589-1, NACE 35110 and NACE SP0177 provide information on the m
iced AC corrosion.

2 Internal corrosion and erosion

If the fluid being transported in a pipeline has the potentialto corrode or erode the inter

of t
wit
NOT

of s¢
velo

The

he pipeline, the operator shall determine the nature of the corrosion and erosion that ¢
nin the pipeline and shall take adequate steps to mitigate it.

E The most common form of internal corrosioilis due to the presence of water and/or th

The operator shall determine the minimum level of protection that shall be maintained. CP levels

e pipe-to-
rator shall
Finging the
bnnections
e operator
['Tosion of a
controlled.
tigation of

hal surface
ould occur

e deposition

tdiment. These phenomena are not only a function of the fluid characteristics, but also a function of the flow

city and the elevation profile.

operator should monitor critical lgcations by installing coupons or electrical

monitoring devices or by directly measuting wall thickness to detect metal loss and by moni

con
not

a)
b)
‘)
d)

e)

position. Erosion can also be monitered by acoustic methods. Mitigation steps can incly
limited to the following:

the injection of a suitable-inthibitor or biocide;
frequent cleaning wjth cleaning tools to remove sediment and water;
maintaining a mihimum flow velocity to minimize water and sediment dropout;

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

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

resistance-
oring fluid
de, but are

by general

f)

érosion 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.

© IS0 2019 - All rights reserved

51


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

ISO 19345-1:2019(E)

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 etosion, or subsidence in their specific environment.

Prevention and mitigation activities that the operator should consider are:

a) inspecfion of drain valves and pipe extensions prior to cold seasons for:water to eliminate free
that cduld lead to failure;

b) shut down and, if feasible, purging pipeline segments that{could be damaged by impeng
hurricgnes or floods;

c) provisjon for movement of a pipeline to occur without’,damaging the pipeline at seismic f]
crossimgs, unstable slopes, or areas of subsidence;

d) routing inspection of the pipeline right-of-way téZidentify and monitor areas of developing
instabllity, landslides and subsidence;

e) condugting pipeline patrols as soon as feasible after the passage of severe weather, flooding, o
earthquake;

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

g) maintgin GIS data for fault zon€s;1and use, etc. for use in risk and integrity assessments;

h) land movement and pipe strain monitoring;

i) maint3ining drainageand erosion control, such as:
1) diyersion berims;
2) gapions;
3) ditchplugs; and

ring

ling

hult

soil

" an

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;

¢) minimizing the volume that is released;

52

© ISO 2019 - All rights reserved


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

d) minimizing emergency response time;

e) protecting the first responders;

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

ISO 19345-1:2019(E)

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
size
loca
has
det
are

All
and
det

operator shall select, install and maintain a system or systems appropriate for the
of the pipeline, the type of products within the pipeline and the release/spill scerarios
tions. The ability to detect a release of a certain minimum size and to locate where sudh a release
occurred will depend on the type of leak detection system or systems employed. Co
pction methods and their characteristics are summarized in Table 6. Some|leak detectipn systems
applicable only for hazardous liquid pipelines, such as the pressure pointanalysis system.

Table 6 — Leak detection method examples

length and
for critical

mmon leak

Feal-time leak detection systems should be tied to the SCADA and opérational monitoring systems
the operating personnel shall be trained and qualified to operate.and interpret results qf each leak
ection system used.

Method Locates Data sampling Advantages Disadvantages
release availability
Perfiodic auditory, Yes Periodic Simplicity Delayed recdgnition of
visyial and olfactory leak betweel intervals.
inspections Can involve ¢dorant
injection

Majs/Volume No/yes? Intermittent based on |Simplicity Transients t¢nd to
balhnce comparison time cause false ajJarms

Dynamic flow mod-

Yes if analysis

Continuous even when

Best method to detect

Complexity dnd cost

ellihg is done transients are present |small leak rapidly
Trajcer chemical Yes Can be either continu- |Accurately locates Needs to add something
ous or one time small leaks to the produft and re-
quires air sampling
Ledk detection cable | Yes Continuous Accurately locates Next to impdssible to
small leaks retrofit to ar} existing
pipeline
Shyt-in leak detec- |[No Periodic Simplicity Requires shytting off
tion flow and accpirate pres-
sure monitoring
Pressure point Yes, if multiple |At the sampling rate Simplicity Not suitable for large
andlysis paints used except dnrihg tran- pipplinpc or fompressi-
sient operation 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.

© IS0 2019 - All rights reserved

53


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

ISO 19345-1:2019(E)

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 3 rn]nacn the nnnrnfnr shall nvn‘nr]a 2 rapur" and effoective respgnse

applicable
spread of 1

The opera
exercises d

fo the circumstance. For a 11qu1d plpelme physical barrlers might be appropriate to lirit
eleased product and to recover as much of the product as possible.

for shall update the emergency data, which are listed in 12.1.3, periodically.\Emergd

test respofse equipment, to improve procedures and verify response capability. Thé operator s

evaluate it

Agencies, §
participati

The requir
Clause 12.

9.8 Defe

9.8.1 Ge|

Anomalies
repaired o

The object
the remain
the identif
MAOP and
practices, 1

Repairs ca
a)
b)
<)

grindi
excava

sleevirn

b response after any exercise or emergency to identify opportunities forimprovement.

uch as law-enforcement and fire-fighting agencies, should be infortned of and considered
bn, in any emergency response exercises.

ements and description of emergency response and failur€ management are specifie

ct repair

neral

that are assessed as unacceptable defects-at MAOP, through an integrity assessment shal
" the MAOP shall be reduced to providean appropriate level of safety.

ve of repair is to ensure that the'tepaired pipe is fit for service at the designed MAOP ¢

able forces to which the repaired area can be subjected during operations, including
cyclic pressure fluctuations‘and with an acceptable safety margin in accordance with 1
egulations and standards.

h include:
g to remove stress concentrators;
tion and.relocation to remove strain;

g or clamping to improve pipeline strength;

d) sleevir

overing several scenarios shall be carried out periodically to train responsépersonnel,

the

ncy
to
hall

for

1 in

I be

ver

ing pipeline life. The repair shall-provide for sufficient structural integrity to withstand all

the
bcal

oto remove hoop stress from the carrier pipe;

e)

pipeline excavation and relocation to remove deformation strain.

9.8.2 Repair strategy

The repair
a)
b)
<)
d)

54

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

pipe material;
pipeline operating characteristics;
pipeline configuration;

pipeline location;
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e) nature and severity of defects;

f)
g) hazards to staff.

repair material options;

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.

s. Such tem rs shall be

Temporary repairs can be necessitated for o
appg cahne—ia Hr—a—Satetanetbedoc

f)
g)

Thd
cor

9.8

The
ASN

porary repai

ineering principles and any other established operator procedures and practices:
hirs shall be made permanent or replaced in a timely manner.

gned to be suitable for the long-term operation of the pipeline at the designed-MAOP.
manent repairs shall be made to a pipeline subject to the following conditions:

The internal pressure has been reduced to a level to ensure safetyduring the repair ope
When necessary, the impact of grinding in the area containingthe defect shall be assess

Safety procedures and precautions are followed in accorfdance with approved procedu
recognized practices.

Cutting and welding procedures shall ensure that pipe walls are not reduced in th
weakened.

Where a section of pipe containing a defect;is replaced, the replacement pipe shall be
and its properties verified such that the-integrity of the pipe is not less than that of
to be replaced. The repaired section,sif.applicable, shall not impede any future cleanin
inspection operations.

Pressure-bearing repairs shall hot reduce the established MAOP of the pipeline.

The use of mechanical dévices, other than full-encirclement welded sleeves to repa
defects, shall be documented for type, installation and pressure rating. The operator inst
devices shall use trained’and competent personnel to conduct the installation and testin

‘osion defectsd{Snot recommended as the passivation of internal corrosion cannot be gud

3 Repairmethod selection

applicability of the repair methods to various types of defects should reference

vith sound
Temporary

repair strategy shall conform to an approved procedure and technique. Permanent repalirs shall be

ration.

d.

h

res and/or

ickness or

pre-tested
fhe section
b or in-line

ir pipeline
alling such
g work.

use of reinforcement sleeves or mechanical devices for permanent repair of pipelife internal

ranteed.

CSA 7662,

1E°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)

b)

c) Excav
allow
length

d) Confir
such 1
downg

e) Valida
should

f) Inspec

g) Re-co3
COrros

h) Backfi
during

i) Docun
a) to |
damag

9.8.5 Co

The follow

repairs:

a) develo

b) depres

c) prehed

d)
electr(

e)

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.

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.

carried out.

avoidancecof’welding damage, such as arc burn, burn through by inadequate heat input conf

le length of unsupported pipe should be calculated by relevant personnel to conform*to|
restriction as permitted by the procedures and practices of the operator.

eferences as pipe length, clock position of defects and clock positions of dpstream
tream girth welds.

ion: Where practical, the effectiveness of the assessment methodyand its data sou
be confirmed through direct examination and/or inspection practices prior to repairs b

tion: Inspection of all repairs carried out shall be completed,prior to backfilling.

ting: All pipe, repairs and fittings shall be recoated with*an appropriate coating to proj

I: Procedures and measures shall be followed to avoid pipeline damage and subsidsg
backfill activities after the repair is completeds

entation of repair activities: Records should include details of the activities listed in it
), including coating condition as found; surface preparation method, extent of corro
e, repair method used and details of t'€-coating applied.

nsiderations of in-service pipeline welding

ing measures shall be censidered for in-service welding activities used as part of pipe

pment of in-service welding procedures to suit the field welding conditions;
surization of gas pipelines by reducing inventory (which is preferred over venting);

ting befare'welding;

mation: The pipes to be excavated shall be confirmed as the targeted pipes for, repair usi

Fces
Ping

ride

jon protection. The re-coating of all repairs carried outshall be completed prior to backfilling.

nce

Pms
bion

line

rol,

de-size limits; and

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. Thecpg¢rformance
megsures 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 p¢rformance
megsure results between different segments in the same pipeline systent or different pipelipe systems
in different areas. The information obtained shall be used to evaluaté. the effectiveness of preyentive and
mitjgation actions or overall IMP and to analyze and identify thesimprovements. The operatar shall also
conjpare 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 mgasurement
and|the benefit of the integrity management programine shall be communicated to relevant stakeholders.

10.3 Management review

The operator shall develop a processto conduct annual management reviews of the pgrformance
restilts when reporting the operator’s;goals and targets. The management review will identify areas for
conftinual 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 ¢perator to
ide;ﬁtify any non-confermances with the adequacy, implementation and effectiveness of t}T IMP. The
audjit shall be conducted by an independent third party or by the operator using persons indgpendent of
the|developmentaiid implementation of the IMP.

10.4.2 Anyfindings of non-conformance shall be documented and corrective actions shall b¢ 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.

| A | B | C | D | E |
L 5m
E 50 m
B 200 m
E 1000 m
E 2500 m
1
Key
1 isthe pjpeline centreline
A externdl parallel pipe, cable, urban heat pipe, high voltage power lines, matker, 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 faultlirle, seismic zone, regional risk activities
E  roads cpn be used in emergency response

Figure 5 — Data acquisition range

11.1.2 Dajta acquisition method

11.1.2.1 (entreline measurement

A baseline| centreline survey shall be developed during pipeline construction and completed before
backfill. The surveyed pipelin€ coordinate points shall include, but not be limited to, elevation,|the
depth of cqver measurement, and reference to the pipeline girth weld 12 o’clock position, bend cofner
points and[intersections with other infrastructure such as roads, railways, other pipelines, waterwpys,
buildings, ¢tc.

NOTE ISO 13623 \provides guidance on construction surveys.

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.

Dat
will

The
req

a)

b)

NOT
Inte
datd

11.
Pip
sha
The
Pip
dat
11.

11.

Thd
refq

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

baseline alignment of construction and operational integrity data shall confitm to th
hirements:

A baseline alignment shall be completed that defines the centreline/eference. Th
alignment shall be from original construction surveys or from-aligned mapping
intelligent inspection.

If internal inspection is carried out, alignment shall be (yeferenced to internal
circumferential weld number. If internal inspection is not dehe, the centreline data aligy
be based on surveying. Where gaps in accuracy of thessurvey record are identified, th
shall update the centreline reference using external inspection and supplemental surve]

E
rnal inspection data will lead to future alignment ofi€xternal inspection data to internal inspect
such as efficient matching of locations of anticorrgsive coating defects and pipeline defects.

2 Data transfer

bline data shall be transferred to operator prior to hand over from the construction phase. T
| establish a system and transfer procedure to ensure accurate data is available for initial

bline facility data shall be sibmitted in either digital or hard-copy format. Among them
h shall be submitted in standard format. An example is shown in Annex G.

3 Data integration

8.1 General

operator shall resolve discrepancies in data through the use of ILI, external inspection, etd.

alignment

e following

s baseline
data from

inspection
ment shall
e operator
s.

Internal inspection using mapping methods camygenerate direct centreline data with high precision.

on mapping

e operator
pperations.

centreline

data franagement system shall enable data integration and inquiry. Data integratio

In mere advanced applications, data integration processes can include computer appli

rs £ the process of utilizing two or more data sets to identify conditions of interest on t

generally

e pipeline.
chtions 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 an

flow restriction device locations.

NOTE 2

where metal-loss corrosion corresponds to poor CP protection.

11.3.2 Data integration requirements

d electronic

Data integration examples include comparing the results of a CP survey with an ILI run to identify

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 1nformat10n e.g. coating or replaced plpehne sections,
Shall A3 LU}}C\,LCd aud OLUI Cd lll\,ludllls lllfUl lllaLlUll lclauus U Lhc }ULC!} CIIvVII UlllllCllL Cllld \v} her
assets|in the vicinity. The integrity management system should be updated as necessary andwill
utilize[the data.

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

d) Version management: All updates shall identify version details and these”data comparison
of hisflorical data with current data shall enable changes to be assessedyin the asset and|the
surroyndings.

e) Data njodification rule: Modifications of the pipeline system data shall’be subject to a managenjent
of chapge procedure that shall address the continuing safe opération of the pipeline sysfem.
Docunjentation of changes and communication to those who need+to be informed is essential.

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

Base data prior to updating should be retained for information.

12 Pipeljne integrity management within emergency response planning and
failure

12.1 Emergency response planning

12.1.1 Gepneral

Emergencyf response planningplays a crucial role in ensuring an organization is ready to act and is able
to sufficienjtly deal with emérgency situations on its pipeline network. Pipeline integrity managenfent
is designed to control therisks of failure by managing the pipeline and its environment throughout
its life. No[method catrbe considered 100 % successful with human error since third-party risks pnd
severe natfyiral events'can defeat the control barriers that are in place. Emergency planning is therefore
necessary fo prepare for and minimise the consequence of a failure.

The IMP procéss 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 (anirnnmpnfnl culturally cignifir;mf high pnpnlnfinn waterways m'r) imngpc or maps of
surrounding pipelines and a pipeline elevation profile (critical for considering potentjal pipeline
liquid draining volumes). GPS coordinates of critical intervention points to cemmnjunicate to
emergency response units are crucial. Mapping of water-body velocities and their seasonjal changes
along the pipeline route will also aid in determining the potential location of the spill pfter time-
zero of the event.
b) |Operating parameters include product properties within the pipeline, typical pipeling operating
temperature, pressure and flow, delivery requirements, compressiomn/pumping/flare opftions, 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. Involyement 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 prepargdness and
event management. Performing emergency response exercises in collaboration with peer group
companies are beneficial due to shared praetice and learning opportunities.
The operator shall determine the threat from product release upon the surrounding areas at any
point along the pipeline, based on pipelitie imagery, maps, hydraulic and geologic condjtions. The
emgrgency 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 dase 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
cloging block valves-shall be considered. The operator shall follow its emergency responde program
that deals with emergency planning zones to determine whether warning alarms or evacuation is
apprropriate forsthe affected population. A few variables involved with creating an emergendy planning
zong can include type of product transported, the release location and the surrounding population and
envlironment data related to the pipeline.
For|pipelines for liquids, the diffusion path and potential pollution should be taken into corsideration.

The operator shall determine the nature o1 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 Ge

Where a pilpeline has failed, the failure segments shall be either removed from service or mitigated
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neral

d engineering approach. Where the cause is not obvious, the segment shall be forensiq
5 per 12.2.2. The failure analysis report shall be made available to the incident investiga
htegrated into the IMP review.

or shall analyze the root causes of all pipeline integrity events that cause @r'can cause log
ht, including management system changes that can have contributed to-the incident. T}
include: auxiliary equipment failure incidents due to leakage, stattis/of pipelines failin
‘ted operational functions as a result of pipeline defects (fatigué.or erosion, etc.), statu
1irements or loads that are beyond expectations as a result of anly third-party construct
d geologic disasters, or other external factors. Several<methods currently exist 1
lly based and within the operator' organization. Examples are bow-tie assessments
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12.2.2 Faflure analysis

The operafor shall develop a failure analysis plan specifying the required test and investigafion

methodology to be used for typical failures according to best known practices and expertise availalle.

Background information to be included in the analysis shall be identified. Such information shall

include, buf is not limited to the folowing:

a) conditjon of pipeline segients or station equipment, based on inspection reports;

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

c) maintgnancesahd failure records of pipeline segments or station equipment;

d) materiakselection, manufacturing methods and thermal treatment history of pipeline segments or
station Cqui}uucu‘( (ao weH-as ab\,cyta1u.,c/\,uuuuiooiuuius testt Cou}ta), atret

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 investigaltion report

to avoid future incidents of a similar nature. The operator shall also review the performance|level of the

IMH through analysis using the incident data and other data of known incidents.

12.2.4 Remedial and preventative measures

The
of
Suc
pro

q

operator shall prepare and implement remedial or preventative measures to remove
repeat incident, including any specific lessons learned relating~to the failure recov
h measures should include, but are not limited to, a risk assessment on measures take
redures for corrective and preventative measures, as well as,the implementation of a tn

the threat
ery phase.
h including
acking and
uses of the

mOIjitoring system on the remedial and preventative measures put in place to ensure root c3
incident are mitigated.
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implementation plan of corrective and preventative measures shall meet at a mifimum the
pwing requirements:

specific timeline for implementation with a designated action owner;
process for monitoring the close out of recommendations at a management level;

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

12.2.5 Failure recovery prior to restart

The
anyj
bee
IMH
doc

operator shall carry out\an engineering assessment of the failed pipeline section to cqnfirm that
other indications which’ are identified as having the potential to induce further faflures have
h addressed and that-the risks and/or consequences have been mitigated in accordange with the
before a restart ef the pipelines. The decision to restart the pipeline and the analygis shall be
umented and take'into account the requirements of the local regulatory body.

all records
yses of the

Thd operatorshall collect all the documents related to emergency measures taken, including
of dhanges ‘to/pipelines due to the emergency response as according to 12.1 and all anal
trends offailure as per failure statistics.
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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
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econolpic life assessment;

;;;;;

b practicality and ability to mitigate those risks, such as high operational risks from alg
density of growing corrosion defects that cannot be repaired in a timely manner She
htion occur, a pipeline life assessment should be carried out.

e oI o y Ot e PP eI T I g e oo oot

life assessment is required to verify that the ongoing risk of running the pipeline ¥V
public and environment safety is still lower than the acceptable risk, while'still meeting
argets of the operator.

life assessment shall also be performed if the pipeline operational life exceeds, or wg
original design life, or if the economics of the pipeline operations becomes unfavour
pstream or downstream changes in pipeline operation.

e pipeline life assessment should include, but is not limitéd to, the following aspects:
e integrity assessment;

sessment;

h] life assessment;
e life (safe and economical operatiéonlife) assessment;

Fion or re-inspection suggestions for risks related to use of life extension, e.g. suggest
bafe operating pressure (optiohal);

of the applicability of operation and the maintenance procedures, the emergency respq
ures and the safety-and environmental program (optional);

ment on nonconférming items against current law, regulation or standard;
is of any chaniges to the specifications for design, pipe manufacture and construction.
Isurestequired to mitigate any future hazards shall be developed as necessary.

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

rge
uld

vith
any

uld
hble

ons

nse

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 Ge

neral

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 Jifg should be
usefl to determine the remaining life of the pipeline. The pipeline risk assessment mightjrovide the
operator with strong technical support for remaining life considerations, whilst theé)ongoing costs of
intdgrity requirements might impact the economic life considerations.

If the pipeline remaining life assessment indicates that the pipeline is still viablefor ongoing operation,
any|lnecessary pipeline repair and maintenance activities shall be scheduled-atnd performed|in a timely
manner. A further pipeline remaining life reassessment shall also be seheduled, at an intgrval based
upan the key factors of the pipeline remaining life review, to support centinuous safe pipeling operation.

If the pipeline remaining life assessment results indicate that thevemaining life of a pipelfne is zero,
then the pipeline shall be abandoned.
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13.2.2 Data collection

The follow

a)

b)

66

Integrity
management

Figure'6 — Process for pipeline life assessment

ng data\isrequired for a pipeline life assessment:

Desigrl: Grade and type of steel pipes, performance index, wall thickness, pipe diameter, de
pressure-CP system information and coating information; initial design standard and specifica

bign

ion,

including version number and date of publishing.

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

Manufacture and installation: Industrial welding methods and processes, mode of pipe laying, field

welding methods and processes, buried depth, field non-destructive test.

Commissioning: Commissioning and bulge testing records.

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.
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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.

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-

intervals.

inspection

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.

j)
k)
1)

NOT
ope

Thd
for

13.

For
diff]

in manufacture, installation’ and surrounding environmental factors. The operator shal

seg
dat
per

applicability, thé pipeline should be divided into a number of segments based upon the static

13.

Any

Historical records of repair: Uvernaul records of coating, repair method and time 1or
defects.

General inspection results: Records of settlement, crossing inspection and other third-p4
CCAs identification: Current changes and future.
Risk assessment results: CCAs segment information.

Historical finance data: Transportation revenue, transportation cgst;the original value
asset and the increasing value for the pipeline system, the original value of the pipeling

or renovation), pipeline maintenance cost (route maintenpafce cost, wax clearing fee a

Future expenditure data: Costs of abandonment/decemmissioning efforts.

E
[ator’s integrity management practices and the pipeline’s circumstances.

most recent verified data should be usedte'ensure the accuracy of the resultant analysi
reporting and data sharing.

2.3 Pipeline segmentation

long-distance liquid and gastransportation pipelines, individual pipeline segments can h:
erences on the likelihood of failure and consequence in the risk evaluation, due to the

ment and assess the-pipeline segment according to logical factors. Pipeline segmentation s
h including: variations to operating condition, failure history, unacceptable defect densit
formance, andoperation pressure, pipeline running time and risk assessment results. Fo

P.4 Integrity assessment

integrity assessment shall follow the practices as stated in Clause 8. An ILI-base

1l types of

rty events.

bf the fixed
the newly

increased value of the pipeline (fixed assets counted in route’section due to overhaul, updating

hd pipeline

cleaning fee, patrolling fee, flood protection fee, barrierdemoval fee and safety protection fee).

The above data is not an all-inclusive list; «other data sets can be required as determjfined by the

5 data used

ive distinct
Hifferences

therefore
hall utilise
y, material
Findustrial
n length.

1 integrity

sed as an

ass

alternative. Additional assessment methods can also be considered including:

a)
b)
‘)
d)
e)
f)

review of the historical operation records;

detailed assessment of the integrity of the pipeline system;
failure mode and cause analysis;

analysis and testing of steel pipe and weld quality;

change of pipeline process;

recommendations for safe operation and management.
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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

pipe]ine in 'pgrify andisused todetermine the ]il(n]y pipn]inp avqi]nhi]ify and.in-service risks

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

a) Unaccé¢ptable density of defects (defect distribution should also be considered).
b) Unaccé¢ptable 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 likelihjood
of failyre after any repair measures should reduce the risk of failure to-an acceptable level. Where
repair$ are not permitted or possible, unacceptable defects shallbe considered irreparable pnd
the mitigation of the risk shall require other mitigation measures. Comparisons of costs acfoss
differgnt 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 eannot be maintained or repaired and are found
to intrpduce an increasing likelihood of failure.

f) Pipelirjes that are unsuitable for conventienal inspection (e.g. serious wax deposit or insufficfent
flow) that cannot be maintained or repaired and are found to have a greater likelihood of failur.

g) Assesgment results for changes in.pipeline operational process conditions (transportation
temperature and medium, etc.) indicate that the pipeline cannot satisfy safe operation requiremg¢nts
and thpre is greater likelihood-offailure.

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

i) LikeliHood of failurg-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 situafion
shall be considered unacceptable.

—

j)  Conforjmify. of the operation and integrity of transportation pipelines to relevant pipeline 1aws,
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 ass€ssment as determined
for jother comparative pipelines (where available). This approach is called-the factorizatipn method
(anplogy method) where the pipeline physical life estimation can be derived.from Formula ().

PPL=PPLg[a,b,c,d,e, f,g] 4)
whére

PPL is pipeline physical life;

PPLR is pipeline physical life for referen¢e;

Factor a is pipe-making level;

Factor b is design level;

Factor ¢ is construction level;

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

Factor e is impact ©fjliquid (gas) quality inside pipelines;

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

Factor g istTepair 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 factofs might be
added ar adjusted accordingly in estimating the specific pipeline system, as practical conditioms can vary.
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data of other pipelines wherever possible.
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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)
b)

compa

compa

rison between life extension of existing pipelines and new replacement;

rison 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
of capital i
to the likel

In the econ
upon the t
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In the case
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13.2.6.2 Minimum annual average cost method
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omic evaluation of the viability of an existing pipeline, the cost comparison should be b4
tal costs for the existing pipeline against the minimum annual average cost.0fa newly-h
t pipeline. The decision to continue or replace the pipeline shall be aecordance with
f minimising overall annual cost.

of a higher operating loads, the unit transportation cost for pipelinesis typically econom
other transportation modes (road, railway, and ocean). ForXlow carrying capacity,
efficiency should be compared to alternative transportation,modes to identify the one y

of revenues derived from the operating pipelihe, the minimum annual average met
pipeline economic viability merely from the operating costs. This method is applicablg

d sets safe, reliable operation as the top priority.

eriod set for an annual average total'dest for pipeline operation is the economic viability.
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1 also consider the time value of‘eapital.
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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
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sho

Bef
mit
kno
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has been determined by remaining life assessment or according to local legislationitha
11d be abandoned, the operator shall undergo the steps for decommissioning and thenaba

bre abandonment, activities including field assessments, risk assessments and tarp
gation measures should be performed to ensure that any risks from the pipeline aband
wn and manageable. The use of a comparative assessment process in endér to assess

abandonment of pipeline facilities shall include safe disconnection from any operati
em, purging of combustibles and hazardous materials, and theisealing of any abandong
hinimize safety and environmental hazards.

e a pipeline is abandoned, it should be physically isolated from the liquid or gas trar
em network.

ining activities should be performed immediately after the pipeline is deactivated.
ironmental risks for the abandoned pipeline, should be thoroughly eliminated or re
Hetermined acceptable level.

ndonment has two forms:
abandonment in place;

pipeline removal.

d rivers, swamps, lakesjwater resources, railway, highway, natural reserve, densely popy
st cover area, wildlife habitat, restricted area, places occupied with buildings or very d
s, such pipes mightbe abandoned in place.

abandonmentin/place, the operator should consider filling the abandoned pipeline with a
t substance.{e.g. filling mud, cement paste or cement mortar, etc.), and such pipe lines
bed, plugged, or otherwise effectively sealed.

any large-scale abandonment project, it is unlikely that only one of these options will be

ratl}

[ a pipeline
ndonment.

geted risk
nment are
he relative
bd.

g pipeline
d facilities

sportation

Safety and
Huced to a

the abandonment for pipésjthat are not to being removed, including crossing of large and medium-

lated area,
eep (24 m)

permanent
should be

employed;

€r-a project can involve a combination of pipe removal and abandonment-in-place along

the length

of tiie pipelne.

13.3.2 Preparation before pipeline abandonment

Before undertaking pipeline abandonment, the operator shall organize competent personnel to prepare
apipeline 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 wifh nitrogen.

To reuse 4 pipeline or pipeline segments in the future, deactivation should be caryied out. [The
deactivatiqn of pipelines involves depressurization and isolation of the segment\from the main
transportdtion pipeline network. The operator shall isolate the pipe using blind flanges, weld capg, or
blinding plptes and where required, provide a pressure relief system.

The operagor shall fill the pipe segment with a suitable medium, having.regard for the intenlded
duration of the deactivation, the effects of the medium on the integrity of the pipe, and the poterjtial
consequenges of a failure. For instance, water carrying corrosion inhibitor or low-pressure nitrogeh or
nes

be carried
following:

a) maintz
b) maints
c) where
For pipelin

deactivatid
ongoing in

13.3.5 Pe

For pipelix

letion of pipeline sealing, further in-service pipeline management measures sh
out to eliminate any further risk. Such measures shall include, but are not limited to

in external and internal corrosion control;
in records;
considered appropriate, perform.éther maintenance activities.

es that have been deactjvated, the operator shall annually confirm the suitability of
n methods used, the ¢orrosion control, and other maintenance activities to ensure
egrity of the pipeline-in.its expected deactivated state.

rmanent disposal process of abandoned pipeline

es segmentsiidentified for pipe removal, the abandonment plan shall include a rem

plan. The pipe should'be cut, removed, transported, stored and disposed of, by strictly following

abandonm

All relevan

ent andiremoval plan for the pipeline.

uld
the

the
the

val
the

tafety and environmental control measures shall be implemented to avoid any safet

y or

contamina

Backfilling

for fmpacts:

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

pro

13.3

cess as outlined in 13.3.6.

.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.

13.8.6.2 Upon the completion of the abandonment process for the pipeline, the operator sha

1 supply all

relgvant documentation of the abandoned and disposed pipelines including the location, lefpgth, burial
depith, disposal measures, environmental control measures and land recovery, to releyant dtakeholder
grofips (e.g. local government agencies) and archival departments within the operator's ofganization
including related communications to local government agencies.

13.B.6.3 Management of change processes (see Clause 16) should be performed for the pipeline
abapdonment 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 @ssessment
shal]l be completed that describes the steps required to continue operation of the pipeline $uch that it
will not produce any unacceptable risks after lifeixeXtension. A life extension assessment shall include
ris and integrity assessments of current and. flifure states of the pipeline and any remedigl activities
reqpired.

If the life extension of a pipeline is conclided to be unreasonable or impractical (such as in Jomparison
to 4 new pipeline as a cost-optimal selution), the pipeline should be planned to be operateld and then
decpmmissioned upon the end of its'design life.

The operator shall documentand record the life extension assessment.

Lifg extension processes-include the integrity assessment of the current pipeline and assessment of life
ext¢nsion applicabilityZSuch an assessment shall consider circumstances that have been docimented in
roufine operation, butwere not considered in the original design of the pipeline.

The allowable life-extension period shall be determined within the life extension assessment, including
restilts 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, furthgr remedial
megsures’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.

©IS

02019 - All rights reserved

73


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

ISO 1934

13.4.2 Re

5-1:2019(E)

cycling 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

ecycle or abandoned pipelines

Abandoned pipelines can be considered for other purposes if permanent disposal methods ‘were
undertaken. Such purposes include storage for other industrial wastes, re-use as drainage'facili
shallow wdll casing, civil facilities or onshore exploration of shallow wells.

13.5 Uprating

13.5.1 Ge|

neral requirements

The evaluation of a pipeline for service can also include an assessmentfor-the operation of the pipe

at a highet
significant

The opera
service at {

If the opers3
works and
execution §

capacity than current operations. This would be typically*facilitated by investment
modifications to the pipeline to meet the changes in serwice.

for shall conduct an engineering assessment to détermine suitability of the pipeline
he proposed higher pressure.

tor intends to uprate its pipelines, it shall establish a written plan that includes all associg
a complete management of change for the 'pipeline uprating. All records of the plan ang
hall be maintained by the operator.

13.5.2 Limitation on increase in maximuniallowable operating pressure

The propo
pipeline co

NOTE 1

sed MAOP shall not exceed the: maximum allowed under ISO 13623 for a new segmen
Instructed of the same materials in the same location.

ocal laws and regulatiens.can also apply.

13.5.3 Uprating method

Before inc}

'‘easing the.operating pressure of the pipeline above the previously established MAOP,

operator shall apply the following steps as a minimum:

not
ies,

line
nto

for

ted
| its

t of

the

a) Review the\design, operating and maintenance history, and previous testing of the segment of
pipelirfete determine whether the proposed increase is safe and consistent with the new operafing
conditiorm:

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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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.

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

ne, the test

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)

The
and|

Thd

whi

13.

Thd
ass

If the new MAOUP will be established by sequentially Increasing the pressure in the pif
the following shall be considered:

1) Any increases in pressure shall be made in increments, where the pressure-shall bg
gradually, at a rate that can be controlled. At the end of each incrementalincrease, th
shall be held constant while the entire segment of pipeline that is affected is checke

2) The new MAOP does not exceed 70 % of that allowed for a new line'inthe same locat
same design.

Table 7 — Suggested safety factor of proposed-increase pipeline

CCAs Rank Factor
I 1,1
11 1,25
11 1,4

operator shall verify that the new MAOP is eonsistent with the conditions of the segment
the design requirement.

incremental increases in pressure shall’ be made equal to:
10 percent of the pressure befotethe uprating; or
25 percent of the total pressiire increase,

chever produces the fewer number of increments.

6 Reporting

operator shall-prepare and maintain a detailed report which summarizes the works rel
bssment and life extension assessment. This report shall include the following as a minimn

general description of the pipeline and pipeline life assessment procedure;

eline, then

b increased
e pressure
 for leaks.

on and the

of pipeline

ated to life
um:

main results of the pipeline integrity assessment;

f)
g)
h)

main conclusions to the risk assessment;

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

conformity of previous design, pipe making, construction and other specifications
relevant specifications;

main conclusions of the economic life assessment;

main conclusions of the physical life assessment;

to current

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) recor

s and documents of decision-making and approvals

Procedure
documents

14.2 The
constructiq
the activiti

a) Design

1y
2)
3)
4)
5)
6)
7)
8)

dej
m
in
do

su

b shall cover electronic and paper-based records and documents. Classification-ihcly
considered confidential or non-confidential.

operator shall prepare and manage records and documents related to ipipeline des

des

ign,

n, commissioning, operation, maintenance and abandonment that are needed for perfornping

s included in the pipeline IMP. The following items shall be included as aminimum:
, construction and commissioning details including but not limited-to:

sign basis, including design calculations;

terial specifications and certification;

bpection and test certification and reports;

cuments relating to authorizations and permits to-operate;

rveys and route documentation;

la

d ownership details;

pressure testing summary;

a

adjustments, events and non-conformances during each phase.

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

1y
2)
3)

4)
5)
6)
7)

8)
9)

historical pipeline management system plans and procedures;

a

a

change to operating conditions;

modification-to the maps, charts, plans, drawings and procedures, required to allow

prpceduresto‘be properly administered;

deftails of-any corrosion, dents or other anomalies;

dettails of the CP system:;

failure records, analysis and subsequent preventative actions;

the

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

repairs and modifications;

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.

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

15.

Thd
per
and

upan request. Use of industry, jurisdictional and company websites can/be an effective way

the

15.

The
par

a)

b)

Commumication

1 General

connel, jurisdictional authorities and the public informed about its integrity managemn
the results of its integrity management activities. Information can be.communicated r

be communication efforts.

2 External communications

following items shall be considered as a minimum for«communication to the various
Lies, as outlined below:

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 def
obtained;

4) commodity transported;
5) how to recognize, feport and respond to a leak;

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

Public officials other than emergency responders:
1) peniodic distribution to each municipality of maps and company contact informatio

2)/~summary of emergency preparedness and IMP.

operator shall develop and implement a communications plan in ordef-to keep appropriate

ent efforts
putinely or
to conduct

interested

ails can be

emergency

=

©IS

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;

02019 - All rights reserved
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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) su
9) co

mmary of operator’s emergency capabilities;

ordination of operator’s emergency preparedness with local officials.

d) General public:

1) in

formation rpg;\rding npm‘;\fm"q efforts to support excavation notification and other dam

age

pr
2) co
e) Other

Infornj
15.3 Inte

15.3.1 Th
the IMP. T

communic
the IMP sh

15.3.2 Th

pvention initiatives;
mpany name, contact and emergency reporting information.
ttakeholders:

ation regarding integrity management efforts and the results.
rnal communications

e operator manager and other appropriate operator personngl shall understand and supj
his shall be accomplished through the development and)implementation of an inte
itions plan. Performance measures reviewed on a periodi€ basis and resulting adjustment
1l be part of the internal communications plan.

b following items shall be considered as a minimun for communication to the various rel:

departments:

a) keyco
b) adequ

c) releva
levels

mponents of the integrity management framework and any subsequent modifications;
ite internal reporting, its effectiveness and the outcomes;

ht information derived from the application of integrity management available at appropr
ind times.

16 Mandgement of change

16.1 Fornj
the impact

al management. 6f change procedures shall be developed in order to identify and cons
of changes¢to pipeline systems and their integrity. Management of change shall add

operational, technical,\physical, procedural and organizational changes to the system, whether perma

or temporg

ry.

port
'nal
s to

ited

jate

der
"ess
lent

16.2 A ma‘nagement 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) analys

is 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.

It ig
deg|
req
the
pip
The
Thd

ach
per

Wh
ado
per

17.
The

Bas

mamnagement to the)level required for the works that they are intended to perform. Where

the
levd

Onl
Ind

1 General

ree to perform pipeline engineering work. This clause establishes the{compleme

pted into a pipeline operating company, and relatéto pipeline integrity management, t

recognized that different jurisdictions require a minimum qualification, suchas an €

1irements for personnel who perform pipeline integrity management. It alse‘specifies g
required training of pipeline integrity management staff involved in liguid and gas trar
lines.

operator should identify training and skill requirements for integrity management pers

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

bn new regulations, equipment, techniques and precedures, or new management co|

onnel shall be re-trained as necessary.

2 Levels of skill

training and skill can be divided into-three levels:
level 1: preliminary level;

level 2: intermediary level;

level 3: senior level.

ed on the intended”scope of work, individuals shall have sufficient skills in pipelin

designated individuals should undertake the appropriate training required to achieve thg
1. AnnexAshows the training and skill approach.

y indiyiduals who obtain skill above level 1 can carry out CCA identification and data 4
viduals who achieve level 2 can carry out threat identification and risk assessment. Indivj

ngineering
htary skill
hidance for
sportation

bnnel.

ndividuals
allowed to

ncepts are
e relevant

p integrity

necessary,
necessary

cquisition.
iduals who

rformance

ach

ava laval 2 can caveyg At It agrityy accncomiant comaneahancivua wicly accncomant and g
ev-e-—1ev S5—€ €aHTy—o4 egH e yaSsesshens-eeomprenensHve 5 assesSheRtahea

measurement.

Pe

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 V':lue CF third vty r]amf\n‘a intarnal corvracinn avtarnal corrocion mqnqum—nwng de €Ct,

T I o por oy o

TS O IIrc e o COT T O SToTT, o7 ceT o

T—COT T oOSTOT oo rorc eI

constructipn defect and geologic hazard. The failure likelihood is multiplied by the failure consequgnce

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

Patrol

Public education

Right-of-way condition

Theft/sabotage

Activity level

Locating and response

Above ground facilities

Vehicles

Government's attitude

0to 100

Internal cofrosion and erosion

Product corrosivity

Sand in fluid

Internal protection

0to 50

External cdrrosion

Soikcorrosivity

€athodic protection effectiveness

Cathodic protection test

Other electrical interference

Coating condition

External inspection and repair

In-line inspection and repair

0to 50

Internal inspection

SMYS

Manufacture defect and construc-
tion defect

Sddlety IaClors

Fatigue

Surge potential

Pressure test

Seam weld type

Pressure

0to 100
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Category

Factors

Value

Geologic hazard

Topography

Geotech

Hydrotech

Pipeline design

Mitigative structures

0 to 100

Threat identity

Incprrect operations

Safety system

Procedures

Training

Documentation

Lack of timely data collection

0to 100

Failure consequence

Product threat

Leak volume

Emergency response

Population density

Environment

Cost

0to10
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81


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-failureprobabiibtr—can—be—preferablr—defined-as—per—TtableBl-Assessient-offaure
He—aree—Pp Y prereranty P

oot T TToUT

TITITCITrT—oTr—ToT

consequenfes could take the safety, cost, environment, service interruption and reputatioWjjnto
considerat|on, as shown in Table B.2. An example of a risk matrix is shown in Table B.3, andthe fisk
categories pre defined in Table B.4. The operator can modify or determine its own category eriteria pnd
applicable yalues.

Table B.1 — Failure probability rank

Probability description
-p — Rank
Probability Description
Failure has occurred in location or
Very high 5
Failure is expected in 1 year
Hioh Failure has occurred several times a year in operating.company or .
i
& Failure is expected in 1 to 3 years
Failure has occurred in operating company or
Medium 3
Failure is expected in 3 to 5 years
Failure has occurred in the industry or
Low 2
Failure is expected in 5 to 10 years
Failure has not occurred in industry or
Very low 1
Failure is expected >10 years
Table B.2 — Failure consequence rank
Consequ nce lncreasing consequence
categories A B C D E
Safety Nope Ve §uperf1- Major injury, long 1 to 2 fatalities | 3 to 9 fatalities >10 fatalitiefs
cial idjuries term absence
Cost (e.g. $M) <0,01 0,01to 0,1 0,1to1l 1to 10 >10
Environmept Insignificant Shggcf/el\(/:[tlnor Local effect Major effect Massive effeft
Maiorimnpactto
Service s e Major impact to : " Major national Major interna-
: . Insignificant ; upstream/down- : : :
interruption service impact tional impact
stream company
Reputation Insignificant Local impact Majgr regional Ma]gr national M_a]or 1.“te”‘a'
impact impact tional impact
82
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Table B.3 — Risk matrix

ISO 19345-1:2019(E)

Consequence Likelihood
1 2 3 4 5
E 11 111 v 1Y v
D 11 11 11 11 IV
C 11 11 II I M1
B I | | 11 11
A I | | 11 11
Table B.4 — Risk category
Category Description
I Low
11 Moderate
11 High
1\% Very high
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Annex C
(informative)

Example of the threat identification in lifecycle phases

Table C.1 prov1des an example of threat categorlzatlon and assoc1ated causes of occurrence during
each phas he e h-th ife :

the potentjal threats for each llfecycle phase These potentlal threats are categorlzed accordmg to[the
nature of the threat, such as mechanical (intrinsic factors), environmental (extrinsic factors)@nd then
further suly-categorized to state the damage mechanism(s) and the initiating source of the threats. This
process of fategorization will aid in the management or mitigation of the threat either by taking spe¢ific
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 thfeat
during the|service life of the pipeline. If the threats are not fully mitigated from eccurring at a gjven
lifecycle phase, then these threats need to be anticipated and regular condijtion monitoring needg to
be conducted to verify the absence or existence of the threat throughout the'service life of the pipeljne.
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