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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.

The
des
diffi
edif

Atte
pat
any
on 4

Any
con

For
exp
Wo
.0

procedures used to develop this document and those intended for its further maint
Cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria nee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be th¢
ent rights. ISO shall not be held responsible for identifying any or all such-patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
ld Trade Organization (WTQO) principles in the TFechnical Barriers to Trade (TBT) se
/iso/foreword.html.

Thi
stry
traf

Ali

Any
con|

©IS

5 document was prepared by Technical Committee ISO/TC 67, Materials, equipment a
ctures for petroleum, petrochemical and® natural gas industries, Subcommittee SC
sportation systems.

5t of all parts in the ISO 19345 series-can be found on the ISO website.

feedback or questions on this document should be directed to the user’s national standa
plete listing of these bodies'can be found at www.iso.org/members.html.

enance are

ded for the
e with the

 subject of
. Details of
ion and/or

d does not

terms and
nce to the
e WWW.iso

nd offshore
2, Pipeline

rds body. A

02019 - All rights reserved

vii


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=2eaa35fe378c5c39c88a8e1638840714

ISO 19345-2:2019(E)

Introduction

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

This documnent is intended to be used by companies that have not yet developed an official progfram
or are developing a program for new pipelines. This document can also be used to guide)centinual
improvemegnt of existing programs by both operating companies and regulators to evalugate integfrity
management program effectiveness.
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Scope

5 document specifies requirements and gives recommendations on the faahagement (¢

ration, maintenance and abandonment.

5 document is applicable to offshore pipelines for transporting petroleum and natt

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

E1 An offshore pipeline system extends to:

ea structure (i.e. manifold or dynamic riser);
the connection point to the offshore installation (i.e. piping manifolds are not included);
the first valve, flange, connection.of)isolation joint at a landfall, unless otherwise sped
E2 The components mentioned above (valve, flange, connection, isolation joint) include a
es, i.e. the offshore pipeline system extends to the weld beyond the pup piece, see Figure 1.

5 document is used for ifitegrity management, which is initiated at the design and ca
be of the pipeline. Where requirements of a design and construction standard (e.g. ISO

Epective.

line

f integrity

pipeline system throughout its life cycle, which includes design, coustruction, cominissioning,

ral gas. It
's or those

the first valve, flange or connection above water on platform or subsea mechanical connector with

ified by the

SO any pup

nstruction
13623) are

erent, the provisions.of this document will enhance the design and construction from an integrity
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2 connedtorpoint to subsea piping 8 shore approach
3  topside 9 offshore section
4  pipeline system 10 onshore section
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6 first valve, flange, connection or isolation joint b not 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 transporting system

ISO 15589-2, Petroleum, petrochemical and natural gas industries — Cathodic protection of pipeline
transportation systems — Part 2: Offshore pipelines

[SO[31000, Riskmamnagerment — Gutdelines

[EC|31010, Risk assessment techniques

3 |Terms, definitions and abbreviated terms

3.1 Terms and definitions
For|the purposes of this document, the following terms and definitions-apply.
[SO|and IEC maintain terminological databases for use in standatrdization at the following addresses:

— |ISO Online browsing platform: available at https://www.ds6.org/obp

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

3.1
abandonment
activities associated with taking a pipeline permranently out of operation

Not¢ 1 to entry: An abandoned pipeline cannot\be returned to operation.
Not¢ 2 to entry: Depending on the legislation abandonment can require cover or removal.

3.12
andmaly
pospible deviation from pipe material or weld soundness

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

3.13
baseline assessment
firsf integeityassessment prior to or after operation

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

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

© IS0 2019 - All rights reserved 3
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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 pipeline segments in CCAs are of particular interest in risk assessment and integrity
assessment evaluations and prioritizations.

3.1.8

deactivation
removal of a pipeline from service, though the pipeline might be returned to service after a proper
assessmen

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

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

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-o¥’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 totemain valid

[SOURCE: ISO 13623:2017, 3.1.2]

3.1.13
failure
event in which a component or system does not perform according to its operational requirements

3.1.14
fitness for| purpose
quantitatiye engineering-evaluation that is performed to demonstrate the structural integrity of an in-
service corpponent thatcan contain an imperfection, defect (3.1.10) or damage

3.1.15
gouge
surface damage to a pipeline caused by contact with a foreign object that has scraped (gouged) matgrial
out of the pipe, resulting in a metal loss defect or imperfection

3.1.16
incident
unintentional release of gas or liquid due to the failure (3.1.13) 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.

3.1.17
in-line inspection
inspection of a pipe wall from the interior of the pipe using specialized tools

4 © IS0 2019 - All rights reserved
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3.1.18

integrity assessment

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

3.1.19

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

3.1120

lifelextension
addjiitional period of time beyond the original design or service life (3.1.36) (but Within the assessed
rennant life) for which permission to continue operating a pipeline systém is granted by the
reghlatory bodies

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

3.1{21

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

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

3.1{22

mahagement of change
profess that systematically recognizestand communicates to the necessary parties chphnges of a
technical, physical, procedural or organizational nature that can impact system integrity

3.1{23

mahufacturing defect
defgct (3.1.10) in the pipe body or coating created during the pipe or component manufacturing or
coafing processes

3.1{24
makimum allowable operating pressure
maximum internal pressure at which a pipeline system, or parts thereof, is allowed to be op¢rated

Notg 1 to entryr The MAOP is established by the maximum pressure achieved during testing (see [SO[13623).

3.1{25
metalloss
pipe anomaly in which metal has been removed

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

3.1.26

non-destructive testing

wide group of analysis techniques used to evaluate the properties of a material, component or system
without causing damage

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

© IS0 2019 - All rights reserved 5
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3.1.27
offshore p

ipeline

part of a pipeline system that, except for pipeline risers, is laid on the seabed or below it inside a trench

Note 1 to entry: The pipeline might be resting wholly or intermittently on, or buried below, the seabed.

3.1.28
operator

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

3.1.29

pipeline i
set of pro
responsibl

3.1.30

pipeline integrity management program

continuous
data acqui
and maint
improvemg¢

3.1.31

pressure test

means of §
water and
is fit for se

Note 1 to enjtry: See 1SO 13623:2017, 6.7.

3.1.32
risk
measure o
and the mg

3.1.33

risk asses
systematic
identified,

3.1.34

lltegrity management

cesses 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
sition and integration, integrity and risk assessment (3.1.33), mitigation and repair acti
bnance decisions, with comprehensive management of change ‘and continual review
nt processes

ssessing the integrity of a new or existing pipeline.that involves filling the pipeline
pressurizing to a level in excess of the MAOP of the-pipeline to demonstrate that the pipe
'vice at the MAOP for a given time frame dependént on the identified integrity hazards

loss, either qualitative or quantifiable, in terms of both the likelihood of incident occurrg
gnitude of the consequences of the incident occurrence

sment
analytical process in, which potential hazards from the pipeline system are proacti
hnd the likelihood and consequences of potential adverse events are determined

risk manalgement

coordinat

[SOURCE: ISO Giiide 73:2009, 2.1]

3.1.35

activities'to direct and control an organization with regard to risk (3.1.32)

ally

h as
ity
and

vith
line

nce

Uely

safe operating pressure
pressure, calculated using the appropriate analysis and mathematical formulas for the specific type of
defect (3.1.10) identified

EXAMPLE

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

© ISO 2019 - All rights reserved
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3.1.36
service life
length of time over which the pipeline system is intended to operate

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

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

sizing accuracy
accyracy withrwhichamanonmaty dinrension or characteristicis Teported

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

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

3.1{38
thiyd-party damage
danmpage done to the pipeline as a result of activities by personnel not asseciated with the pipeline

3.1{39
thrpat
activity or condition than can adversely affect the pipeline system if not adequately controlled

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

3.2| Abbreviated terms

AC alternating current

CpP cathodic protection

CCA critical consequence area

CoH consequence of failure

DA direct assessment

ECDA external eorrosion direct assessment
FFH fithess for purpose

GIS geographic information system

HIC hydrogen-induced cracking

ICDA Internal corrosion direct assessment
ILI in-line inspection

IMP integrity management program
MAOP maximum allowable operating pressure
MFL magnetic flux leakage

NDT non-destructive testing

PIM pipeline integrity management

© IS0 2019 - All rights reserved 7


https://standardsiso.com/api/?name=2eaa35fe378c5c39c88a8e1638840714

ISO 19345-2:2019(E)

PoF probability of failure

SCC stress corrosion cracking

SCCDA stress corrosion cracking direct assessment
SMYS specified minimum yield strength

SSC sulphide-stress cracking

4 Genefal

4.1 Key principles

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

Key princi
a) Pipelir
constr
b) The o
persor
c) Clearly
d) Docun
enable
e) Perfor
to iden
f) An effé
4.2 Inte
42.1 Ge

The operatjor shall establish, implement, maintain and document an IMP or equivalent, and continu
review its

The pipeliry
integratior

les for an effective IMP are listed below:

e system integrity shall be viewed as a lifecycle approach ffom initial planning, deg
Liction, operation and maintenance up to and including abandonment.

pberator shall provide adequate resources in terms .of funds, equipment and compe
nel to implement the IMP.

 defined roles and responsibilities with clear communication processes are necessary.

ent and records control and retention and data gathering are key mandatory elements
informed decisions.

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

ctive IMP uses risk-based decisions to prioritize integrity-related actives.
ority management program

neral

hdequacy.andimplementation and improve its effectiveness.

with'safety and environment programs.

EINS
htes

ign,

fent

that

[OI'S

ally

e IMR_shall be part of a comprehensive management system which includes, as a minimjum,

To facilitate the development and implementation of the initial IMP for a pipeline system, the operator
shall develop an integrity management plan, which includes a plan for initial data acquisition, threat
and hazard consequence identification and risk assessment, and improve it with integrity elements
introduced in 4.2.2. If applicable, the operator can also choose to incorporate mature IMP elements
from other pipeline systems, and customise them to their pipeline system or segment.

4.2.2

Introduction to IMP elements

The pipeline IMP shall address operators’ approach to the following elements, as illustrated in Figure 2.

a) Life cycle phases for integrity management:

Integrity shall be applied through the entire life cycle of pipeline, including:
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1) feasibility;

2) design;

3) procurement;

4) installation;

5) transportation and storage;

6) construction;

7) pre-commissioning and commissioning;
8) handover;

9) operation and maintenance;

10) modification;

11) suspension/abandonment.

Pipeline integrity management process:

As part of the continuous improvement process, the input§dnto these elements shall b
updated, as required, to reflect the dynamic nature of pipeline systems:

iy
2)
3)
4)
5)
6)

data acquisition, review and integration;

risk assessment (threat, consequence, probability, CCAs);
inspection and monitoring;

integrity assessment;

mitigation activity;

performance measurement and improvement.

NOTE1 Understanding the pipeline’s integrity and threats in the context of the f
environment is key to making informed integrity management decisions.

NOTE 2  Performance measurement can verify that the goals, targets and objectives of
program aré~peing met and can be used during management reviews to identify i
opportunities.

The follewing elements shall be developed for the operational phase to ensure tha
manageient practices are in place to assess failures and manage and respond to emerg

— “ailure assessment plan;

e routinely

urrounding

he integrity
hprovement

[ adequate

bncies:

— emergency response plan;

— remaining life assessment plan.

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 that 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.
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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.

c) Management elements:

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

organization:

1) policy and commitment;

ore
1 as

2) scppe of the IMP; '\Q)
3) organizational structure including key roles and responsibilities. (19
The following mandatory elements predominately deal with information flow, pro@gklg the (
of the ¢lata system providing information for assessment and review. They are u y presente
plans yvith procedures: ,\Q
— communication; O
N
— refords and documents control; 6\
— mjnagement of change; QQQ
— mégnagement review and audit; S\\§\
— tr3ining and skills. %)
O
Pipeline integrity J&-cycle phases Management elements
management process '\\@ 5 4.4
Mo ——
Feasibility
Design

Procurement

Fabrication

Trasportation
and storage

Pre-Com and
commISSIoning

|

_ |
Construction i
|

Figure 2 — Pipeline integrity management program structure
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4.3 Integrity management process elements

4.3.1 Data acquisition, review and integration

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

A . . e o . : rronmental,

)

and operational consequences of an incident.

4.3)2 Risk assessment

Risk analysis is an analytical process through which the operator considers the likelihood of the threats

occlirring and the nature and severity of the resulting consequences.

Risk assessment shall be performed for all scenarios including low consequence—high likdlihood and

critjcal consequence—low likelihood events. Every plausible failure ‘mede shall be listed an
risl evaluation. Where multiple consequences occur from a singlefailure mode, multiple a
arerequired.

The operator shall consider all the threats and any interactive threats that can be appli
system. It can be appropriate to consider risks in pipeline 'segments where the consequence
partficularly high and where explicit integrity management measures have to be implements

d assigned
sessments

able to its
bf failure is
d.

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

4.3{3 Inspection and monitoring

Thd n the risk
ing, direct
have been

b threats to

operator shall select and cenduct appropriate inspection and monitoring based g
ass¢ssment made in the previeus step, typically including in-line inspection, pressure tes
ass¢ssment, or other inspedtion and monitoring methods based upon the threats that
identified. More than one inspection or monitoring method can be required to address all thg
a pipeline segment.
4.3

4 Integrityassessment

Intggrity assessment will implement the following hierarchy of controls:

physigal controls;

procedural controls;

elimination.

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

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

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

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

likelihood

The opera
intended s
notionally
maintaine
increased

4.3.6 Pe

The opera
implement|

The opera
processes 1

A combina
effectivene

Performan
IMP. In add

b

of an event.

or shall perform mitigation activities to ensure the pipeline system remains saie foj
brvice. Where applicable, these mitigation activities shall provide a factor of safety~th4
cimilar to the design factor of safety. This notional equivalent design factor of safety.shal
, throughout the life of the pipeline. The mitigation activities can include activiti€s suc
ternal and external inspections and survey and pressure reductions.

rformance measurement and improvement

tor shall develop procedures to regularly measure and evalirate the adequacy
ption and effectiveness of IMP and its conformity to relevant standards.

for shall also evaluate the effectiveness of its other related management programs
n supporting integrity management decisions.

tion of performance measures and system audits canybe necessary to evaluate the ove
ss of a pipeline integrity system.

ce measurement results shall be used to continuously identify areas for improvement of]
ition, advances in technology and industry bést practices shall be considered.

4.3.7 Emergency response plan

Plans and 1
systematic
system. Pl
on the crit
commercig

4.3.8 Fa

The operaf
approach i
determine
actions to
thatare no
to support

4.3.9 Re

esponse procedures for emergency-situations shall be established and maintained based
evaluation of possible scenarios that can affect the safe and reliable operation of the pipe|
hins and procedures for contihgency repair of the pipeline shall be established depeng
cality of the pipeline system, based on factors such as safety, environmental, legislativ
1 considerations.

lure managemeént plan

or shall develop procedures for pipeline failure investigation to ensure that a structy
5 adoptedhand all aspects of a failure are reviewed. The failure investigation shall ain
the reet*cause and contributing factor of a pipeline failure and recommend correc

its
it is
1 be
N as

of

and

rall

the

bn a
line
ling
P or

red
N to
tive

prevent similar failures. This can include a targeted risk management program for cayses

fion

iselated. The operator shall setup a database to record relevant pipeline failure informa

fatture TMamagement.

maining life assessment

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

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

4.4.1 Policy and commitment

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

4.4.2 Scope of integrity management program

Theoperator shattdetermine the scope of tite M P inciuding Tdemntifying the appticable pipetine systems
and|the goal and objectives of the IMP for the identified pipeline system.

Thg operator shall maintain a documented IMP that addresses the management of the pipelie integrity
and specific treatment for all unacceptable risk.

4.4]3 Organization structure, roles and responsibilities

The operator shall have a clearly defined organizational structure, to_implement the IMP. Pipeline
intggrity management shall be carried out by personnel with cleatly’defined roles, responsibilities,
authority and accountability in implementing and reviewing the IMP:

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

The organizational structure should also take into accoeunt both upstream and downstrepm system
inpuits/outputs to ensure no changes in one system gairhave a negative effect on an adjacentsystem not
within the control of the operator.

4.4/4 Records and document control plan

The IMP shall be documented and effegetively updated. Program items to be documented shall include
thelfollowing:

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

— |statements of integrity management policy and objectives;
— |procedures requited by the implementation of integrity management.

A records and doetiments control plan shall be developed to facilitate the storing and rdtrieving of
recprds and-dgcuments in a timely manner. The plan shall include means to confirm ac¢uracy and
quallity of inputs.

4.4|5.- Communication plan

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

4.4.6 Management of change plan

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

Management review and audit of the pipeline IMP shall be conducted at regular intervals to determine
the adequacy, implementation and effectiveness of the integrity program. The focus of management

reviews an

d audits shall be on evaluating the following:

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

conformity to regulatory and operator’s requirements;

4.4.8 Training and skill plan

The IMP sh
including o

Training n
manageme

5 Integ
5.1 Gen

5.1.1 Ob

Pipeline sy

installation testing and commissioning) along with operations and maintenance activities havg

impact on

Although t
minimum s
review pip

Designers,
practitione

identiffication of corrective actions for continual improvement.

all establish clear skill requirements for all roles involved in pipeline integrity“managem|
perators, contractors, engineers, and other persons using this document:

beds shall be identified and training shall be provided for relevant (personnel in relatio
nt of pipeline integrity.

rity management for the pipeline lifecycle phases
bral

jectives

rstem design (including material procurémént and selection) and installation (inclug
pipeline integrity.

hese activities follow recognized standards, it is important to realize that conformity

tandard might not identify potential long-term integrity issues. Therefore, it is importar
bline risks at handover from-@ach pipeline phase and throughout the integrity lifecycle.

rs shall be aware, of 5.3, that highlight the interrelation between the pipeline lifec

ent,

h to

ling
an

fo a
tto

procurers, constructors,Joperators and maintenance personnel and integrity managengent

ycle

phases (which entails includes-components such as design, procurement, installation, commissionfing,

hind maintenane€)/and integrity. 5.3 identifies areas where changes in each of the pipe
ases could beinéeded to aid in long-term integrity management.

nciples

ng high-level principles shall be considered during each of the pipeline lifecycle phases:

line

sessment methodologies.

management.

Any deviations shall be reviewed to evaluate impacts on integrity.

Risk-based approaches to integrity management shall be applied. Clause 6 provides guidance on

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

The concepts and requirements of IMP shall be regarded as the basis for long-term asset

Pipeline segments shall be designed according to ISO 13623, or a similar standard, to accommodate

in-line inspection (ILI) tools. Where ILI accommodation is not practical, e.g. short service life,
short connections or off-takes, the operator shall identify an appropriate alternative integrity
assessment method.

operation
lifecycle p}
512 Pr
The follow
a)

risk as
b)
c)
d)
e)
14
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f) Dataisregarded as the foundation of a pipeline integrity management and the operator shall have a
comprehensive plan for collecting, managing, retrieving and analysing all data sets.

5.2 Key lifecycle integrity processes

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

The 1ntegr1ty assessment process for new plpelmes utlllzes constructlon mspectlon data and for
, ch-as seabed

for [purpose that includes a notional factor of safety. The operator shall determine/the
intggrity assessment methods based on the threat and the capabilities and limitations of the integrity
ass¢ssment method.

An |ntegrity assessment can be conducted to evaluate the risk, and the interval for the next integrity
ass¢ssment shall be determined based on the findings.

For|pipelines already in operation, an integrity assessment shall be*completed within 3 fears if no
preyious integrity assessment has been performed.

5.3| Lifecycle phases for integrity management

5.3/1 General

Intdgrity management occurs throughout the whole lifecycle of an asset from the initial feasibility
stu]iies through to abandonment and heavilyinfluences the design considerations and the ongoing
maintenance/management techniques.

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

Each of the lifecycle phases has)opportunities to mitigate or control integrity threats and ea¢h life cycle
phalse shall be adequately designed and controlled to optimise the integrity oversight.

The personnel resporsible for each lifecycle phase should be familiar with basic pipelinfe integrity
issyes and conceptS-ln addition, a process shall be developed where the pipeline integifity subject
matter experts willreview each lifecycle phase to determine if there are potential pipelirfe integrity
issyes that need-resolution.

5.32  Feasibility

5-3-2-1 s‘ﬁjl:\,t;vco

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

5.3.2.2 Principles
At this phase in pipeline development, the basic route selection is often a straight line between supply

and delivery points. Modifying the route would typically increase the overall pipeline length, but
reduced operation and maintenance costs can warrant the increased installation cost.
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Optimized routing can take into account many of the key potential threats by avoiding obvious
difficulties during installation. Improved routing at landfalls shall determine: seabed geology and
topography specific to landfall and costal environment, environmental conditions caused by adjacent
coastal features. Other considerations at this phase include access to the pipeline for pressure test
activities and pipeline drying. In addition, areas of critical consequences associated with safety of the
public or damage to the environment would be avoided.

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

533 D

5.3.3.1 bjectives
At the design phase, all of the integrity threats that the pipeline system will be exposed-té during
lifetime arp anticipated. The operator shall also anticipate future sea area/landfall use-activities
encroachmlent that can lead to elevated consequences and a change in the originalrisk profile or h
a direct impact on pipeline integrity, due to third party damage. In addition, the pipeline desig
should confider designing the pipeline to enable condition monitoring of the pipe/wall, using applic

b its
and
ave
ner
hble

inspection

5.3.3.2 K

At the desi
CCAs wher
implement
changes to

Where spe
impact on

5.3.4 Pr

5.3.4.1 (

At the proc

technologies, such as ILIL.

rinciples

bn phase, CCAs analysis shall be implemented. Routing'selection shall be optimized to aj
e practical. To confirm that suitable physical and pracedural protective methods have b
ed, pipeline segments, especially CCAs, shall be yalidated including consideration of fut
the environment, e.g. future projects or possiblé.field congestion.

cial construction methods or processes areutilized, they shall be assessed to determine
uture integrity and necessary mitigation that might be required.

Dcurement

)bjectives

urement phase of the integrity management lifecycle, the key integrity risks are associs

roid
een
ure

any

ted

with meeting the quality and functionality of the materials detailed by the designer. Proactive avoidd
of inappropriate or defective.nfaterial at this phase in the lifecycle can reduce the risks associated ¥
failure durfng testing and-operation.

nce
vith

—n

In the opdrating phasg poor procurement decisions can lead to substandard equipment redug
functionality or saféty*and can be significant to the economic performance of the assets.

ng

5.3.4.2 rineiples

At this phase in the lifecycle, the quality of the final asset can be directly related to the material supplied.
During design, specific materials will have been selected for the required operation envelope and might
have been specified to deal with the risk from identified threats. Failure to obtain the desired material
quality during procurement could lead to substandard materials being installed which could introduce
integrity threats to the pipeline.

Data management during procurement is essential to facilitate verification of the material received
and its source and specification to ensure they meet design specifications. These records shall be
maintained throughout the life of the asset.
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5.3.5 Fabrication

5.3.5.1 Objectives

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

5.3.5.2 Principles

At this phase in the lifecycle, the quality of the final asset can directly relate to the fabricated items and
its gimmemsiomattoterances—Whrerefabricated-itenrtsare-imcorrectty buittthis toutdtead tq long-term
opefrational and integrity threats.

5.3]/6 Transportation and storage

5.3]6.1 Objectives

At the transportation and storage phase of the integrity management lifecycle, the key intggrity risks
arefpssociated with pipeline components suffering damage and no longerbeing suitable for cqnstruction
or fjt for purpose.

5.316.2 Principles

At this phase in the lifecycle, the quality of the final asset can be directly impacted by the trar{sportation
andstorage of each of the pipeline system components such as pipe, coating and fittings. Carelis required
durfng handling and storage techniques shall be suitabte for the items being handled to ensufe that they
do Mot sustain impact and are correctly stored to protect against environmental damage. Appropriate
handling techniques shall be designed specified and used with correctly designed storage facilities.
Anyf delays that can impact pipeline integrity-during transportation and storage shall be reyiewed and
thelr potential impact on the pipeline materials assessed and mitigated.

5.3{7 Integrity during installation

5.3]7.1 Objectives

At the installation phase-of the integrity management lifecycle, the key integrity risks arelassociated
with failing to build theasset to the specification laid down by the designer.

5.3{7.2 Principles

At this phasétin the lifecycle, the quality control of the installation works and records mpnagement
are|the key-aspects for management activities. Failing to build the asset to the design spé¢cifications
and standards for valid reasons shall be managed and assessed on a case-by-case basis. Installation
re-works and even the repair of major defects developed during installation can significan:ﬁ]y increase
boththe time Tine and costs for installation.

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

As-built documentation shall reflect the exact details of the final build to ensure that integrity issues in
future years can be investigated without requiring inspection. In the event of any change in the route
during the installation phase, CCAs shall be re-identified and re-assessed for the design optimization.
Relevant information shall be updated from time to time in the event of any change to pipeline
segmentation identified during the installation phase.
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5.3.8 Pre-commissioning and commissioning

5.3.8.1 Objectives

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

5.3.8.2 K

The pre-c¢gmmissioning and commissioning phases require an appropriate checking and. proy

procedure

be aware ajnd conform to the detailed requirements.

Pressure t
plan shall
potential ¢
contingeng

Gauging is

dents and ¢ther deformations in pipeline.

Data recoy

rinciples

f

Significant damage can be caused to the asset from incorrect testing and the personnel sh

[
t

psting has the potential to impact safety and the environment, thereforeya_pressure tes
e developed and a risk assessment shall be completed. The risk assessment shall examing
bnsequences associated with a pressure test such as worker safety and failures. In addit

an important check to verify the geometric condition of the pipeline. It can be used to de

ds and retention of the records of the pressure testing are critical requirements

demonstr
particularl
being asse

Following
been fully

5.3.9 Handover — Preparation for operation

5.3.9.1 (

At the han
ensure tha

5.3.9.2 K

Operation
aspects bu
aspects bu

e initial safety of the pipeline and provides a degree of ongoing proof of ongoing saf
where future changes to operating pressure are.being considered and pipeline defects
sed.

e

pressure test the pipeline shall be protected from all threats regardless of whether it
bressurised.

)bjectives

lover phase of the integrity management lifecycle, the pipeline systems are implementef

L key integrity threatmitigation is adequate and records are retained.

rinciples

personnel \and integrity management practitioners shall be informed of any mitigafi
It into.the‘design of the pipeline including the interrelation between any particular integ
It intorthe operational activities and the resultant integrity control.

The follow

ng-principles shall he considered:

ng
all

ng
he

ion,
y plans shall be put into place in the event of a pipeline failure during the pressure testing.

fect

that

ty,

are

has

to

on

rity

All data collected from the design, fabrication, installation, and commissioning phases shall be

gathered, maintained and updated throughout the lifecycle of the pipeline. The constructor shall

provid

operat

e full design, installation and "as-built" documentation in a format to suit the operator.

ing procedures and shall be maintained.

Installation design requirements to ensure pipeline integrity shall be incorporated into the pipeline

At this phase operators 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 utilise electronic
systems where possible, while taking into consideration the impact of future changes to computer

operat

18

ing systems and programs.
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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

segments within the critical consequence areas shall be validated and confirmed p

rior to the

commissioning. If changes or variances are identified, the risk assessment and treatment of the CCA
shall be updated and this might include commissioning plans that consider CCAs and safety during

the commissioning phase.

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

assets and schedule the maintenance into a documented maintenance system.

— Where geology information system is being used, the data shall be uploaded within a suitable

5.3

5.3

Pip
acti
itse
con
Inte
inci
fro

to 4
ope

5.3
Thd

timeframe to enable integrity management practices to commence.
10 Operation and maintenance

10.1 Objectives

bline system operation and maintenance activities can directly impact'pipeline integrit]
vities executed on or in the vicinity of a pipeline, either by third-party companies or th
f, shall be adequately designed and controlled throughout operation to ensure that inte
promised.

grity management during operation shall primarily be pro-active to prevent damage
ents. The operator shall put in place an adequate organization to gather all releva
the original data used for the first integrity assessment. Potential issues shall be
nable consideration of any necessary mitigation activities for every risk and threat
rational period.

10.2 Principles
following principles shall be consideréd-for pipeline operation and maintenance.

The operator shall be adequately'tesourced to monitor operational conditions to detect
any relevant changes impacting'integrity on an ongoing process.

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

The impact of anydeviation from operating procedures shall be recorded and assessed
any immediate 0rlong-term implications to pipeline integrity.

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

Any~threats to integrity and issues identified during operation shall be recorded a

y. Thus, all
e operator
prity is not

hnd failure
ht changes

identified
during the

and assess

hy specific

to identify

is and risk
additional

hd used to

considerwhothor additional mitication activities are reaquired
o 1

Any change to the operating environment of the pipeline including sea area/landfall use shall be

assessed and mitigated as necessary.

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

instances shall be considered and implemented as necessary.

The performance/efficiency of the IMP shall be reviewed periodically using key performance

indicators (KPI).
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5.3.11 Modifications during operations

5.3.11.1 Objectives

During operations, pipelines might be modified for various reasons. 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, installation and joining techniques and,
coating. Modifications also include changes to the original design basis or production or operating
parameters such as production fluid, flow rate, pressure, or temperature. These modifications shall be
evaluated and shall be managed, relevant to integrity, in accordance with procedures applied to a new
constructi

I1.

5.3.11.2 K

Modified 1
ensure thg
changed th

Pipeline as|
the origina

rinciples

ipelines shall be designed appropriately utilizing similar processes to a mew"pipelin
t any adverse change to threat levels are eliminated or avoided where- pessible. Ney
reats and/or consequences shall be documented and mitigated.

Lbuilt drawings and abandonment details shall be stored and maintdined in association V
| records and all existing drawings and drawing systems updated.as'necessary.

5.3.12 Abandonment

5.3.12.1 (

)bjectives

vith

When a piy
decommisg

eline is abandoned in place and not removed, the-abandoned sections shall be appropriaftely
ioned, such that, they are left in a condition that\s safe for the public and the environmept.

5.3.12.2 Brinciples

When pipeline is abandoned in place and not rerhoved, the following shall be considered:

internal cleaning;

local ambient regulation;

maintdining signage.

6 Risk assessment

6.1 Defipnition of-gbjectives and requirements

6.1.1 Gejneral

Risk assessment shall be appiied throughout the entire pipeline litecycie to identity and quantity 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.

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 in Annex B.

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

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

a) identification of the threats to pipeline integrity;

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

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

e) |prioritization of segments of a pipeline system in the order of risk level (risk register);
f) |risk reduction through mitigation (see Clause 9);

A ty[pical risk assessment process follows the flowchart in Figure 3.

Definition of objectives
and requirements
6.1

!

Team definition
6.2

'

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
6.8

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,
not just that of an event occurring. Therefore, the risk assessment produces related measures of
probability of failure and potential consequence.

b) Integrate pipeline knowledge - All plausible failure modes and mechanisms are to be included in the
assessment of the probability of failure. The risk assessment integrates all available risk knowledge
from each of the lifecycle phases, but especially lessons learned from operation and maintenance
and any issues discussed and/or resolved under management of change.
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Quantify data uncertainty - It is important to know the level of uncertainty of all input parameters.
Itis acceptable to use data with high uncertainty; however the risk assessment methodology should
mitigate this uncertainty and show its effect on the final risk results. Black-box models should be
avoided where possible to ensure a good understanding of the mechanism behind the results.

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

Produce risk profiles - The risk assessment should produce a continuous profile of risk levels along
the pipeline. The risk assessment shall incorporate sufficient granularity by dividing the pipeline

into sdg
segme

Contrd
free of]

f)

Appro
Guidar
statist

g)

gments where risks are unchanged (e.g. all risk levels are essentially the same within,g
ht).

inappropriate bias that might lead to incorrect conclusions.

briate aggregation - Summaries of the risks presented by multiple segments is desirg

cs that can mask the real risks presented by the segments.

6.2 Team definition

Risk asses

sments shall be carried out by a group that includes competent and experier]

representatives of those responsible for operating, maintaining and managing the pipeline system. T

shall have
able to def
for the var
design risK
and effecti

ne practicable mitigation measures. It is importartito involve those who will be respong
ous disciplines during operations, (or alternatively the relevant technical authorities), in|
assessment cycle, to ensure that they agree with the assessment of risk, and the practic3
veness of proposed operational mitigations:

6.3 Segmmentation

The segme
identify th

ntation of a pipeline allows for a-clear understanding of the presence of threats in orde
b likely damage processes ant.to establish the most likely consequence scenarios.

The pipeline system shall be divided into segments based on pipeline characteristics and

characteris
that PoF ar

Along the |
a) pipelin
b) third-j

c) mostl

An example

22

tics of the sea area through which the pipeline passes. The choice of segments shall be {
d CoF can be considered to be uniform within each segment.

ength of each segment, the following items shall be uniform, e.g.:
e properties, e.g. diameter, wall thickness, coating type;

artysthreats;

ach

1 the bias - The risk assessment shall generate transparent results. The assessment shall be

ble.

Ice of segmentation can be found in 6.3. Aggregation of risk shall be utilized to avoid sinmiple

ced
hey

ndequate knowledge of the system to be able to detérmine accurate PoF and CoF and t¢ be

ible
the
lity

r to

the
uch

Kely consequence scenario.

of segmentation for a pipeline system is shown in Figure 4.
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O

Key

6.4

Thn
pip

diameter

wall thickness
coating type

111 =
6

7
D third-party.thread
E pipeline segment

1to8 pipeline segment No.

Figure 4 — Example of pipeline segmentation

Threat identification

eats to the integrity of the pipeline shall be regularly identified throughout the servicg life of the
bline. In addition, threats shall be determined based on an analysis performed at each lifedycle phase.

Ide

an
The
a)
b)
‘)

tification of potential or known threats for each lifecycle phase can be based on dath obtained
thrpugh a pipeline lifecycle quality@ssurance process that utilizes quality control data such as design
and| data reviews and inspections'conducted throughout the lifecycle. In addition, potential] or known
thre¢ats can be identified basedwon an analysis of industry-wide pipeline failure history and operation
of gimilar pipeline systems: Rrocesses such as hazard identification (HAZID) study and failure tree
ysis (FTA) can also be used as an input to the threat identification.

following list illustrates typical pipeline lifecycle phases:

feasibility;
design;

precurement;

d)
e)
f)
g)
h)
i)
j)
k)

LUllbtl u\,tiuu,

transportation and storage;
installation;

pre-commissioning and commissioning;
handover;

operation and maintenance;

modifications;

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

during each phase of the pipeline lifecycle.

6.5 Probability of failure assessment

The probability of failure (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 failur

e mode.

The PoF can be estimated using industry-wide or company failure statistics, or by using a probabilistic

analysis. T
the PoF.

Where hist
by other m
system bei

In assessin
“corrosion
to differen

Interactior]
accountin

The PoF ¢
collective |

6.6 Con

6.6.1 Co
The consed

offsho

impacf

impacf

The consequence assessment for each category shall be carried out by a competent specialist in

area. The g

Estimation

of

he offocts of avicfing mifigafinn measures-shall he taken intag account in the estimatio

orical data are used for frequency analysis or for validation of frequency analysis‘dondug
bthods, the suitability of the data and its compatibility with the characteristics ofthe pipe
hg analyzed, shall be considered.

g the threat, the mechanism of the threat shall be considered. For example, the threg
can result from localized pitting or from uniform metal loss over a large area. Both will
[ failure modes.

of threats and of the associated damage mechanisms shall be ‘considered and taken
the PoF assessment.

hn be expressed qualitatively or quantitatively. It can“be expressed quantitatively d
asis (e.g. failures per year) or on a linear basis (e.g. failures per kilometre-year).

sequence of failure assessment

nsequence assessment

uence of failure can be expressed in*¢ategories such as:

‘e platform proximity, activity levéls;

on the environment ( envifohmentally sensitive area, etc.);

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

onsequence of failure shall be determined for each failure mode for each segment.
of the impact of the loss of containment shall take into account the following:
of containment, e.g. gas or liquid, ignition, flammability, toxicity, reactivity, dispersion m

ejproperties, such as pipeline diameter, wall thickness, type of coating, pressure, etc.;

ted
line

t of
ead

nto

n

that

hde;

ical and geotechnical features (seabed canyons, landslide);

human activity environmentally sensitive areas, such as coral areas, etc.;

mode, such as leak or rupture;

remote operated isolation valves and emergency response plan;

installations:

1) pressure waves following fluid release;

a) nature
b) pipelin
c) geolog
d)
e) failure
f)
g)
24
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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 enable
qualitative or quantitative estimates to be made of the effects of the release at any distance from the
source for the duration of exposure.

Appropriate methods of consequence analysis vary widely in extent and degree of detail, depending on

th s £l o b 1 | Al L e £l 4
e cy pcortmrcattootdrirary ZCtaira crrC UoJCCTrv eSS OT TITC~a S STSSTITCTICY

6.6)2 Critical consequence areas analysis
Critical consequence areas for pipeline can be categorized as follows:
— |Location class 1: The area where no frequent human activity is anticipated:along the pipg¢line route.

— |Location class 2: The part of the pipeline in the near platform (manned)areaorin areas with frequent
human activity. The extent of location class 2 should be based afi-appropriate risk anaflyses. If no
such analyses are performed, a minimum distance of 500 m should be adopted.

6.7 Risk determination

For| risk assessment, the methodologies listed in IEC\31010 can be used. The prob4gbility and
congequence shall be matched to the same failure mode. For example, if the consequerce level is
assigned on the basis of a leak, then the probability:§hould be that of a leak, not merely the probability
of the threat (e.g. corrosion) occurring. For quantitative methods, risk can be described by Fgrmulae (1)
and| (2) for independent failure modes. For depéndent failure modes, recourse should be made to more
sophisticated models.

a) |For asingle failure mode:

b) |For multiple failure modes”1 to n:

n
1
whére
c is the CoF;
p is the PoF;

Iton isthreatcategory.

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

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

6.8 Reporting

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

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

a) objectives and scope;

b) pipeline system description;

c) risk assessment methodology;

d) limitations and assumptions;

e) threat|identification results;

f) impact of identified risk

g) PoF anfalysis results, including assumptions;

h) CoF anfalysis results, including assumptions;

i) risk eyaluation results;

j)  sensitivity and uncertainty analysis;

k) discuspion of results (including a discussion of analysis problems);
1) conclufions and recommendations;

m) references, including all sources necessary to*support any models or analytical technidques
applieql; and

n) names|and qualifications of personnel whe-participated in the analysis.

6.9 Reassessment

The risk rleassessment shall be ‘carried out a regular basis or at specific dates set by the fisk
assessmenft group.

Additionally, a risk reassesshient shall be carried out in response to:
a) changgs in design-or operation of the system;
b) changgs to thepipeline environment;

c) unexpected results of mitigation measures;

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

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

7 Inspection and monitoring

NOTE This clause is based on DNVGL-RP-F116[23],
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Inspection

7.1.1 General

Inspection and monitoring are condition monitoring activities carried out to collect operational data
and other type of information indicating the condition of a component. Operational data can be physical
data, such as pressure, fluid, temperature, injection volume of chemicals, or number of operating cycles.

Generally, an inspection physically monitors the state of a component directly (e.g. wall thickness,
damage to the pipeline, coating defect, pipeline displacement), whilst monitoring is the collection

of rn]onf)nf nracess naramoeters which indiroectly can giva information roagarding tho cn
18V —PH SS—pPaHette: wHHe—HaHe e y—ea g e HHeHadHeh—+ e +

ition of a

con

Insj
reg
as

Thd

res

Ungxpected events can initiate the need for unplanned control activities. To what exten
wheén to carry out this control activity, should bethandled through the risk assessment and I
activity. This is to ensure coordination with.other prospective control activities and to ej

ponent.

pection planning, tool selection, capabilities and qualification of personnel might be de
ilatory requirements. If no regulatory requirement is available, the following stanhdards ¢an be used
eferences:

API Std 1163;
ASNT ILI-PQ;
NACE SP0102;
NACE 35100.

neefd for modification of the original strategies.

Anyf (clearly) unacceptable situation, mechanical damage or other abnormalities detected (c

bendent on

inspection plan should be updated on a regular basis-and be based on preceding plans and the
Its achieved from the integrity control activities.

L, how and
M planning
Faluate the

iscovered)

durfng the planned control activitiess, should immediately be reported and subjected for review and the

ap
toi

The
a)

opriate actions defined andiinitiated. The purpose for an inspection shall be clearly de
nspection.

main activities associated with the inspection are:

detailed planning;fer internal or external inspection, including the following:

fined prior

b)

1) detailed'description of the scope of work;

2) specification of reporting criteria;

3) < development of work packages;

HH—preparationofworkinstractionsand-procedures:

5) establishment of responsibilities and communication lines between inspection contractor and
operator;

6) procurement of equipment;

7) establishment of plans for the mobilisation of equipment and personnel;

8) carrying out risk management activities for the inspection activity.

execution of the inspection, including the following:

1)

mobilisation of personnel and equipment and transportation to the site;
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2) carrying out safety activities;

3) de

-mobilisation;

4) preliminary reporting towards the specified reporting criteria.

documentation and final reporting of the inspection, including:

ality control of the inspection results;

2) issue of final inspection report.

qualification of personnel;

ment of the data collected during inspection.

pparation for inspection
d work description should be prepared prior to inspection and should includethe follow|

btion of the pipeline system, including any special information, ‘itnportant for
tion/survey;

e of the inspection including description of relevant threats and types of damage as we
H;

cation of required equipment;
d description of the equipment and inspection tools;

ements for calibration of the equipment;

d instructions for the inspection including operation procedures;
bments for documentation of inspection results and/or findings;

ation of an outline of the inspection report.

quirements of equipment

rm inspection prograrm specifies the purpose of the inspection, the type of inspection t
F and where to be\carried out. It can, for example, specify intelligent pigging using MF
mote operated-vehicle. Further specification of the required equipment shall be addres
hing a specifie-inspection in detail. This should be done as part of the detail planning.
f the selected methodology should be considered.

ng information will typically be required when preparing for an in-line inspection:

ing:
the

las

be
, or
sed
The

b inspect for (wall thickness loss, cracks, dents);

internal or external corrosion attacks;

inner diameter for the entire system;

pipeline length, pipeline wall thickness;

pipeline material, internal cladding or lining, if applicable;

elevation profile;

data (as location, dimensions) on bends, tees, wyes, valves, etc.;

pipeline content, pressure, temperature, fluid velocity.

c)

1) qu
d) assess
7.1.2 Pr
The detaile
a) fiescri

insped
b) purpo

criteri
c) specifi
d) detailg
e) requir
f)
g) detaile
h) requir
i) prepar
7.1.3 Re|
The long-te
carried ou
external re
when plan
accuracy o
The follow
a) whatt
b)
<)
d)
e)
f)
g)
h)
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The following information will typically be required when preparing for an external survey:
— what to inspect for:
1) the CP system - looking for abnormal anode consumption and/or passive anodes;

2) indication of inadequate coverage or potential from the CP system leading to excessive
corrosion;

3) damages or cracks in coating or concrete, general damage to structures and pipelines from
impact (dropped object, equipment handling, anchor impact or dragging, fishing, etc.);

4) burial depth, free spans;
5) flanges and hubs - looking for leaks;

6) pipelines - looking for upheaval buckling, lateral buckling, expansion, displacementg, structure
movements (displacements and rotations);

7) abnormal/unexpected pipeline system behaviour as oscillation/vibration (including jumpers
and spools);

8) settling or manifolds resulting in an increased stress levelfor the pipeline;

9) pipeline support and crossings - ensuring that rock-dumps are intact and that the pipeline
remains positioned within the intended support aréd, gap between crossed pipelings.

— | pipeline configuration;
— |water depth;

— |pipeline components.
7.144 Reporting requirements

7.14.1 General

Opgrator and inspection vendor shall reach an agreement on the requirements and specifications of
thelinspection report in ad¢ance. If a number of technologies (e.g. magnetic flux leakage and ultrasonic
tesing tools) are adopted for the inspection project or multiple functions are integrated in an
inspection tool (e.g. intégrated technology tools of magnetic flux leakage, calliper and mapping), the
pip¢line informatiofrobtained by inspection tools of different types should be integrated ih the same
repprt which inchides the different anomalies (defects).

The following requirements and recommendations apply:

a) |Reporting of inspection results should aim at being in a standardised format to ease the gssessment
work and to better allow for trending of inspection data as free span measurements| corrosion
Tate, COVET Heights; ete:

b) 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.

c¢) Foranomalies in girth welds and spiral welds, the pipe wall thickness shall be provided.

d) The inspection 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.
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7.1.4.2 Delivery requirements

7.1.4.2.1

Field report

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

a)
b)

data sampling frequency or interval;

inspection threshold;

‘)
d)
e)
f)

7.1.4.2.2

report
speed
count

statist

After comy
within the
example fé
loss for th
assessmen
features of

7.1.4.2.3

After comj
within the

threshold; if report threshold is unspecified features of POD = 90 % shall be adopted;
curve, pressure curve and temperature curve of inspection tool operation;
pf damaged sensors;

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

Preliminary report

agreed to timeframe. The initial report shall cover all iténms agreed to in the contract.
atures 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 predetermined estimated‘fepair factor (ERF) shall be provided.

Final report

agreed timeframe.

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

For
etal
ure
ort,

pletion of the field inspection the inspection service provider shall submit a final report

The final r¢port typically includes the following:

a) overvipw of inspection project, ingluding pipeline defects;
b) performance index of inspection technology;

c) inspection time;

d) operatiing data of inspéction tools;

e) pipeline list;

f) list of gnomalies;

g) defect Statistics and summaries,

h) defectassessment method;

7.1.4.2.4 Supplement report for other type of anomalies

If there are additional requirements which were agreed to in the contract, such as immediate reporting
of evidence of leakage, or severe damage, the inspection service provider shall additional supplement
analysis reports on other features, (such as evidence of leakage or severe damage, spiral welds
anomalies and girth weld anomalies), these shall be submitted within the agreed time frame.
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4.2.5 Software

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

a)
b)
‘)
d)

signal data review;
presenting absolute and relative distance of characteristics;
presenting clock orientation of characteristics;

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

e)
)

7.1
Acc

In 4
res
res

7.2

7.2

Monitoring is the meéasurement and collection of data that indirectly can give informat

con

Thd

quﬂi
ma agement processes.

generating clock orientation of interaction between spiral welds/longitudinal welds and,g

generating a repair list.

5 Review of inspection results

bptance of inspection data shall be based on two primary principles: data completeneg

irth welds;

s and data

ity; which describe the nature and quality of the collected data, asiexpected for using in integrity

ddition to the report from the inspection contractors, which@ight include an assessy

hent of the

Its, the operator should carry out and document a high level evaluation of the inspection and the

Its. This evaluation should address:

if the inspection has been done according to the plan, which describes what, how ar
inspect;

the quality of the inspection (e.g. confidence in results);

a high level evaluation of the inspectioniresults with respect to the integrity (e.g. cl
insignificant, moderate, significant, severe findings);

recommendations for further assessment of the findings (e.g. remaining life calculations
Monitoring
1 Main monitoring.activities

fition of a comperent or a system.

monitoring~data are typically either online measurements or offline measurements (g

Mo

expected fluctuations under different production scenarios.

Monitoring should include the following main activities:

itoring\plans and schedules should be founded on risk assessments based on curren

d when to

assified as

ion on the

cheduled).
t flow and

a)
b)
‘)
d)

7.2.

description of the purpose of the monitoring;
data acquisition and storage;
retrieval and analysis of data;

documentation and reporting, including comparison against acceptance criteria.

2 Identification and follow-up of available technology

The operator should determine and follow-up the available and relevant monitoring technology.
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The techniques for condition monitoring can be either on-line or offline. Online monitoring represents
continuous and/or real-time measurements of parameters of interest. Offline monitoring would
typically be scheduled sampling with subsequent analysis at, for instance, a laboratory.

Monitoring can be performed by (locally) direct and indirect techniques. With regard to corrosion,
direct techniques typically measure the corrosion attack or metal loss at a certain location in the
pipeline system utilising corrosion probes, whilst indirect techniques measure parameters that affect
the corrosion (e.g. Oy content).

Monitoring is further classified as intrusive or non-intrusive. An intrusive method will require access
through the pipe wall for measurements to be made, whilst a non-intrusive technique is performed
externally |(will not require access through the wall thickness) or analysis of sample data takenfrom
the proces$ stream.

Monitoring techniques are related to the monitoring of following:
— chemigal composition (e.g. CO2, H2S, water);

— procegs parameters (e.g. pressure, temperature, flow velocity);
— externfl or internal corrosion;

— interngl erosion (e.g. sand);

— currents;

— waves
— vibrations;

— oscillafions (due to, e.g. slugging);
— straing;
— pipe displacements;

— ship trpffic and fishing activity;
— seabed movement;

— leak d¢tection.

7.2.3 Cufrent and vibration monitoring

Seawater durrents negrthe seabed can be monitored to control the likelihood of scouring or pipeline
movement| while ¥ibration monitoring systems can be installed in connection with free span$ to
monitor vortex induced vibrations (VIV) or vibrations caused by currents.

Vibration mpemitoring systems are typically clamp sensor packages that are attached to the pipeline at
regular intervals to record vibrations in three axial dimensions.

7.2.4 Monitoring of ship traffic and fishing activities

The tracking data of the locations and movements of ships and fishing vessels should be requested for
vulnerable parts of the pipeline (e.g. not designed for over trawl ability, high risk areas) confirmation.

7.2.5 Leak detection

Leak detection in the form of flow monitoring or external leak detection systems is essential in order
to detect any leaks at an early stage. Industry practice shows that mass/flow monitoring and pressure
drop-monitoring are the most commonly used methods for detecting leaks (or rupture) from a pipeline
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while external devices as point sensors are more commonly used for subsea equipment such as
templates and manifolds to measure leaks from, for example, valves.

7.2.6 Review of monitoring data

The results from monitoring activities should be evaluated at least on annual basis. More frequent
review can be appropriate in the early operational phase. The review should at least consider:

a) thatall planned monitoring activities have been done and in accordance with specifications;

b) that the monitoring data are within the design envelope, and if not, ensure that deviations have
been handled according to relevant procedures;

c) |a high level evaluation of the monitoring results with possible impact on the integrity assessment
recommendations for further assessment as required.

8 |Integrity assessment

8.1/ General

Intdqgrity assessment methods include fitness for purpose assessments to assess the suitahility of the
pip¢line for service. Assessment can be carried out on anomaly.data obtained through inspgctions, e.g.
ILI data, pressure testing, external survey or from the direéct'measurement of a defects ¢limensions
durfng direct examination.

The process evaluates whether:

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

b) [the pipeline is able to operate within prescribed safety margins.
8.2 Fitness for purpose

8.2]1 Assessment data collection

Collected data required for integrity assessment shall include but not be limited to: pipeline properties,
defe¢ct parameters, méehanical performance, load parameters, installation data, and operfating data,
histlorical data.

8.2)2 Defectdata statistics and causation analysis

Andlysis.shall be conducted on defect data from various inspections to identify the proballe cause of
any| detects including the defect type, location on the pipe, distribution along the length ¢f the pipe,
coafing type and external influences, such as topography, soil type and other relevantTattributes
identified from the inspection or similar evaluation results. Such analysis should include but is not
limited to:

a) statistical analysis on overall defect populations;

b) statistical analysis on specific defects;

c) distribution statistics and causation analysis; and

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

The output from the analysis should be considered in the risk assessment.
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8.2.3 Assessment method selection

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

Commonly used assessment methods for the various types of defects are given in Table 1. There can be
other proprietary methods not listed in Table 1 and it is not the intent of this document to prevent the
use of other methods. However, before using other methods the operator shall verify the suitability and
accuracy of the chosen method for each specific defect type assessment.

Table 1 — Assessment standards for defect types
Types of defects Recommended criteria
ASME B31G
APIRP 579-1
(orrosion (internal, external)
BS 7910
DNVGL-RP-F101
APIRP 579-1
Gouges
BS 7910
APIRP 579-1
Manufacturing defects
BS 7910
API 1156
APIRP 1160
APIRP 579:1
Dents ASME B31.4
ASME B31.8
AS 2885.3
CSA 7662
APIRP 579-1
Girth weld defects
BS 7910
APIRP 579-1
Seam welding defects
BS 7910
) APIRP 579-1
Spiral weld defects
BS 7910
APIRP 579-1
Cracks
BS 7910
Enyvironmental cracking: APIRP 579-1
stress.corrosion cracking (SCC);
hy rngnh-in(‘lnror‘ I‘Yﬂ{‘l{ihg (]—”r‘) BS 7910
Global buckling DNVGL RP 110
Free span VIV DNVGL RP-F105

8.2.4 Residual strength and remaining life assessment

8.2.4.1 General

The ability to accurately determine the residual strength and any impact upon remaining life is
dependent on the availability and accuracy of data relating to the defect. Where data is limited, the
operator shall use conservative assumptions and shall update the assessments once accurate data
become available.
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Safety factors shall be determined by the operator and applied to all calculations of pipeline strength
use for remaining life considerations.

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

Defect residual strength and predicted remaining life calculations shall consider all of the relevant
uncertainty and probability of exceedance associated with variables such as defect sizing, assumed
growth rates and operation loads as part of the evaluation.

Wh@m
identification of the defect until the time the defect will be repaired. ILI results will be"y
with ongoing verification results and if applicable modifications to the defect sizing)and
growth rate shall be undertaken.

the initial
b-validated
predicted

NOTE API Std 1163 provides guidance on ILI verification.
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Manufacturing defeets.will normally have passed a pressure test and therefore should rem
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en a defect is found that exceeds the acceptability criteria then immediate mitigation ad
educing the pressure, defect removal or repair, shall be undertaken. The operator sh
emonstrate that the mitigation action taken has rendered the defect safe for continu
ration.

4.2 Acceptance criteria

bptance criteria for the different types of defects refesenced shall be as stated in 8.2.4.3

tions, such
all be able
bd pipeline

to 8.2.4.7,

pss otherwise determined by the operator or prescpibed by regulations.

4.3 Acceptability criterion for corrosion

hediate mitigation is required for corrosion anomalies with calculated failure pressure le
gn safety factor multiplied by MAOP pr\with depth greater than 80 % of nominal wall th

bduled mitigation is required foranomalies to be operated safely at MAOP. Growth calcu

rding to growth calculation-fesults.

4.4 Acceptability eriterion for manufacturing defects

perating throtighout the service life at MAOP. Where manufacturing defects are dej
erity they shiall-be assessed and mitigated as if they were corrosion.

4.5 _Acceptability criterion for cracks

ss than the
ckness.

ations will
scheduled

hin capable
Feloping in

Imn]

hédjate mitigation is required for cracks with calculated failure pressures less than a de

sign safety

factormuttiptied by MAOP:

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

8.2.4.6 Acceptability criterion for dents

Dents can be assessed using standards listed in Table 1 or other acceptable standards. Cracking
associated with the dent shall be identified and ground out and the pipe reinforced as necessary. Where
repair is not possible, the dent shall be removed.
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8.2.4.7 Acceptability criteria for weld defects

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

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

Assessment of planar defects should be considered as cracks, see Table 1.

8.2.4.8 Reporting requirements
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36

elines are performed, including ILI and direct assessment.

The medium or process conditions are altered from the design parameters.
Pipelines that have been inactive for over a year are returned to service.

Pressure testing shall be conducted on any replaced pipe segments.

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

The pipeline has been in operation at a pressure lower than the designed MAOP, and is being

Frequent incidents continue to occur even after a number of other integrity assessment methods
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8.3.3 Features to be considered for pressure test

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

The followings shall be reviewed when performing a 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 routing.

b) igh point of

the minimum strength test section and shall not be higher than the pressure requijred producing
a hoop stress equal to SMYS as determined by testing. An extensive safety asséssment shall be
conducted to ensure the pressure testing does not pose a threat to safety.

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

d) |Original design standard and safety factors applied.

8.3/4 Pressure test risks

Prepsure testing is an activity with a temporarily increased £isk level and particular attention should
be paid to the safety of personnel and the public. Risk ideftification shall be implement¢d prior to
prepsure testing by competent personnel. Risks shall be\identified and mitigated. Examples of risks
assciated 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;
d) [risks of disturbance to entire syStem during pressure testing;

e) |[risk 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
sunpmary-of post-test experiences.

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

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

The operator shall prepare emergency response plans in relation to pressure testing to mitigate any
safety or environmental consequences associated with pressure testing.
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The operator shall ensure personnel are adequately trained and qualified prior to pressure testing.
Records of training shall be kept as part of the pressure test activities.

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

8.3.6 Monitoring of pressure test procedures

The operator shall ensure that personnel are available to comprehensively monitor for pressure changes
caused by pipeli i i i is i i i sure
operator shall ensure surveillance over pressurizing and depressurizing activities abhoth
ends of pipe segments tested.

8.3.7 Reyiew of pressure test results

Relevant personnel of the operator shall review and analyze process data during ghe)pressure teqt to
identify legk points in order to directly acquire and collect integrity data as partef'the integrity plan

and pressure test records.
The pressulre test shall be monitored and recorded over time and form part df formal test documentatfion.

In the casq of any leak points detected, the operator shall perform prompt repair measures including
pipe repladement, or weld repair as determined by relevant personfiel:

For any pipeline segments that failed, the operator shall perfofin’a failure analysis (see Clause 12) pnd
mitigationshall be conducted to prevent reoccurrence.

8.3.8 Pressure test report

The pressyre test assessment report shall include:
a) project information;

b) pressure test plan;

c) records of the pressure;

d) defects and anomalies detecCted;

e) repairjrelated information;

f) reassepsment period;

g) conclufions.

8.4 Direlct assessment

8.4.1 General

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

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

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

a) pipelines where ILI or pressure test is not possible;
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pipelines that require costly renovation as evaluated by other methods; and

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

2 Direct assessment process

Direct assessment usually has a four-element approach:

a) Pre-assessment: It is used for determining feasibility of direct assessment by data collection and

analysis, identifying assessment sections and choosing indirect inspection tools.

b) [Indirectinspection.

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

d) |Post-assessment.

8.4]3 Direct assessment methods

Dir¢ct assessment method mainly includes internal corrosion direct assessment (ICDA) fpr offshore

pipelines, etc. Relevant standards are provided for reference in Lable 2.

Table 2 — Main types and references of direct assessment

Direct assessment method Reference
NACE SP0206 (dry gas)
ICDA NACE SP0110 (wet gas)

NACE SP0208 (liquid petroleum)

8.4/4 Limitations of direct assessment

Each direct assessment method js‘tailored for implementing integrity assessment on one mpin risk for

spefific fluid and requires users-to follow the applicable standards in their entirely. Direct §ssessment

sha]l only be conducted by‘competent personnel knowledgeable in the method. Result of in-line
inspection can also be considered when doing direct assessment.

8.5/ Other assessment

The operator .night consider alternative integrity assessment methods, providing the plternative

intggrity assessment follows an industry-recognized methodology and is approved and publjshed by an

indyistry standards organization.

IMH techniques other than those published by standards organizations can be utilized. Howjever, when

util,,z.;us a 1ew tct,huu}us_y, the OpPeY ator—shotid p}au to—enstre—thatithas—demonstrated its abl]lty

to perform an adequate assessment and provide an equivalent understanding of the pipeline that is
comparable to ILI, direct assessment (DA) or pressure testing.

9

Mitigation

NOTE This clause is based on DNVGL-RP-F116[23].

9.1

General

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

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

necessary.

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

equipment

In addition to routine maintenance, (e.g. inspection, maintenance and testing of mainline)val
common njitigation measures for different threats are shown in Table 3.

Table 3 — Mitigation measures for different threats

es)

A B Cc1 Cc2 Cc3 C4
Feared event (failure | Root causes Physical List of features Howyto How to mitigate
meode) (potential): | phenomenon/ monitor
pipe body/ environment
welds/
components
Immediate{ flow re- Material Mechanical/ Gouges ROV/visually |Pipe protectiop
striction/ lpak/rupture |p,.o oo structural Dents ILI (1,3,4,6)
damage
Fluids 8 Ovality NDT Repair tech-
Future: floy restric- Environmental Spans Pressure niques (3,4,6)
tion/leak/ factors monitoring Quality control
rupture Third party (3,4,6)
Identification
(1,4,6,7)
Communicatiojn
(1,4,6,7)
Depth of covel
(1, 4,6)
HP/HT Buckling ROV/visually |Reduction in op-
phenomena Walki ILI eration parame-
alxing ters (1,,6)
Rectify seabed
(1,6)
Rock dumping
(1,6)
Passible retro
fit of skid and
sleepers
External Coating damage | Visually Anode
colrrosmn Anode damage |Direct pit Material and
related gauge meas- |coating selection
urement
ILI Coating applica-
tion
Direct as- Repair techniques
sessment CP Coating repair
survey
Pressure test
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A B C1 c2 Cc3 C4
Feared event (failure | Root causes Physical List of features How to How to mitigate
mode) (potential): | phenomenon/ monitor
pipe body/ environment
welds/
components

Internal Internal corro- |ILI Product quality
corrosion sion NDT Inhibitors
related

Erosion Corrosion Materjpl and

product coating selection
sampling Goatinp applica-
tion
Direct assess- |Repairjtechniques
ment Cor.ro- Pressulre test
sion monitor- ‘:Ir
ingby probes |Opera 1ona_l )
and coupons cleaning/pigging
Sand Biocid¢
monitoring
Erosion
monitoring
Incorrect Birckling ROV/visually |Quality control
operation Wrinkle ILI Repairjtechniques
Pressufre derating
Maintgnance
program
Weld/pipe body |Grinding ILI Quality control
flaws Hydrogen NDT Repairjtechniques
embrittlement Visually Presszte test

Hardspot Pressure derating

Planar

Volumetric

imperfections

Cracks HIC Visually Pipe pfotection
sce ILI during|transpor-
tation

Fatigue cracks |NDT Pressufre reg-

SSC ulation] (cycles
frequehcies and
amphtude)

Corrosion Coating repair

fatigue Temperature

Hook crack regulation
Repair techniques
Quality control
Pressure test

Weather related |External Visually Pipe protection
corrosion
ILI
Anode NDT
Coating
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Table 3 (continued)

A B C1 C2 C3 C4
Feared event (failure | Root causes Physical List of features How to How to mitigate
mode) (potential): | phenomenon/ monitor
pipe body/ environment
welds/
components
Geologic hazard |Dents Visually Pipe protection
Ovality ILI Repair techniques
Strain ND'T Pressure test
9.2 Internal mitigation methods
The operator should select methods of mitigation that reduce risk through the réduction in|the
likelihood pf failure. Typical methods of mitigation include, but are not limited to thefellowing:
— restridtions in operational parameters, such as MAOP, inlet temperature, flow rate, and numbdr of
given gmplitudes of these (e.g. shut-downs). Such restrictions can have animpact on the set-ppint

value for the pressure protection system or the pressure regulating system;

use of
hydrat

maintg

tempo

9.3 Extdrnal mitigation methods

chemicals in order to mitigate corrosion rate, flow improvefment, reduction of scaling, aj
e formation;

nance pigging with the objective of removing scale, deposits, liquid accumulated in sag be

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

roid

nds;

ans

The operator should establish processes and procedures within the integrity management p

regarding the use of intervention methods.

Pipeline extternal mitigation is typically used to:

— contr] thermal axial expansion/causing lateral or upheaval buckling;

— ensurqg bottom stability;

— provide protection against'third-party damage;

— provi:E thermal inSuldtion;

— reducq free span/length and gaps.

Typical mepns‘ofintervention are:

a) rock dumping;

b) pipeline protection layers against third-party damage (mattresses, grout bags, protection
structures, gravel cover);

c) trenching.

Risk reducing measures for external hazards are provided in Table 4.
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Table 4 — Risk reducing measures for external hazards

Measure Reduce Comments

Limit lifting to certain Frequency Alimitation on lifting and handling near the pipeline reduces/ elim-

zones, sectors, areas inates the frequency of occurrence effectively.

Limit the type of Frequency For example, only the cranes furthest away from the vulnerable area

objects lifted in certain can lift heavy objects.

ZOnes not allow to lay barge loading pipe onboard within platform safety zone.
Reduces the frequency of the most critical objects, however does
not eliminate the risk totally.

Intfoduce safety distance |Frequency The activity is performed at a predetermined safe disfance away
from the pipeline (e.g. anchor handling).

Reduces/eliminates the risk efficiently.

Introduce safe areas Frequency Activity of a certain kind is not allowed within a specifi¢d area (e.g.
trawling nearby platforms).
Reduces/eliminates the risk efficiently:

Chgnge the field lay-out Frequency By careful routing, this has the same effect as for safefty distance
and can be set for parts of the pipéline.

Intfoduce extra chaser tug |Frequency To ensure that no interference between the anchor chhin and the

or gnchor chain buoys installation take place.

T1g-1n .COI'I‘ldO.I‘ in-line Frequency The tie-in corridor shotild be in-line with the rig heading, thus the

with rig heading above . ; . .

.l . rig cranes are oriented in favourable positions.

installation

Wehther restrictions for Frequency If a prevailingeurrent direction have been included in a sgfe distance,

opdgrations. the activityshould not be performed if the current direction is other
than thatconsidered, or the frequency have shown to infrease with
increasingly worse weather, the activity should be postponed until
the weather normalizes.

Inctease the physical Consequence _ |In€reased protection will reduce the damage to the pipelink. Increased

protection protection can be obtained by a variety of solutions. Sonje solutions
(e.g. massive tunnel structures) might introduce a verIy high risk
to the pipeline during installation, and in addition caf introduce
scouring problems during the lifetime.

Stop/reduce pressure or  |Censequence |This effectively reduces the consequence of release; hqwever, this

production in pipeline solution can be very expensive. Further, it does not redfice the eco-
nomic consequence of damage.

9.4 Corrosion‘control systems

9.4]1 Extérnal corrosion

All hew pipelines and their field joints shall be protected from external corrosion by using a suitable
ext¢rnal protective coating system in accordance with ISO 21809 (all parts). An adequate cathodic

protection system shall also be used, ISO 15589-2 shall be referred as minimum criteria for the
application.

At areas where potentials fall outside the required potential level, the operator shall investigate the
cause of the potential anomaly and mitigate it. Mitigation shall consist of bringing the CP levels into
conformance either by making sufficient repairs to the coating, electrical cable connections and/or by
increasing the current outputs of existing anodes/adjustment of the rectifier.

9.4.2 Internal corrosion and erosion

If the fluid being transported in a pipeline has the potential to corrode or erode the internal surface
of the pipeline, the operator shall determine the nature of the corrosion and erosion that could occur
within the pipeline and shall take adequate steps to mitigate it.
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Mitigation steps can include, but are not limited to the following:

a) the injection of a suitable inhibitor or biocide;

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

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

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

e) tempogary increased flow rates to flush out local accumulated qunid or pnr'rir‘IPQ-

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

9.5 Management of unintended releases

An integrity management plan shall contain protocols for detecting leaks and’*for limiting

Ces in the event of an unintended release. Elements of the plan shall describe the means
for:

consequen
procedures$
a) minim

b) minimj
¢) mini

d) mini

e) protec

f)

izing the time required for detection of a release;

zing the time required to confirm and locate a release;
izing the volume that is released;

izing emergency response time;

ing the first responders;

protecfing the public and limiting adverse effects\on the environment.

The operatjor shall consider whether a leak detection system is necessary for the transported fluid
the envirophment through which the pipeline;passes. The role of leak detection is to minimize the ]
required t¢ detect leaks from a pipeline system. The type of system used shall be carefully reviey
to ensure tlhat it meets the needs of the.operator. API RP1175 provides information for Leak detec

program

The operat
the pipelin

9.6 MA(

A reductio
integrity, t
of an anon
or tempor

anagement.

or shall select, installand’'maintain a system or systems appropriate for the length and siZ
e, the type of products‘within the pipeline and the leak/spill scenarios for critical locatio

)P reduction

h in operating pressure can be used to reduce the risks associated with threats to pipe]
hat aresdependent on hoop stress, such as metal loss, SCC, mechanical damage, or the gro

the
and

and
ime
ved
[ion

eof

line
(vth

aly<through pressure-cycle-induced fatigue. A pressure reduction can be either perma
hty) The safe operating pressure for the defect shall be determined by an engine

|

ering

ent

assessmen

and documented and advised to the pipeline controllers.

If the operator is unable to meet repair or reassessment schedules, the implementation of temporary
pressure 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.
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9.7 Emergency response

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

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

Agdncies, such as Taw-enforcement and fire-fighting agencies, should be informed of and cenlsidered for

partficipation, in any emergency response exercises.

The requirements and description of emergency response and failure managementare specified in

Repair methods

9.8

1 Repair methods selection
The
and,
pip

Thd
reir

d practices
e material,

operator shall select the most suitable method for pipeline repair according to establishe
process that shall address and consider the extent and mechanism of the damage, pip
e dimension, location of the damage, load condition, pressuire and temperature.

purpose of a repair is to restore the pipeline safety-level and reduce identified integtity risk by
forcing the damaged section or to replace the daniaged section.

Areé
mig
be d
itse

pair can be temporary or permanent, depending upon the extent of the damage. A tempofary repair
ht be acceptable until the permanent repaircan be carried out. In case of a temporary repair, it shall
Jocumented that the pipeline integrity.and safety level is maintained either by the tempofary repair
[f and/or in combination with other precautions (e.g. reduced pressure or flow rate).

The following repair methods can be used:

a)

b)

Replacement where the damiaged portion of the pipeline is cut out and a new pipeli
installed either by weldinglor by a mechanical connector.

Local repair by installation of repair clamps externally on the pipeline. The type and
requirement of therepair clamp depends on the damage mechanism to be repaired.
clamps shall be gualified to accommodate specified pipeline wall axial and radial load

he spool is

functional
Structural
s, whereas

leak clamps¢shall provide sealing in a leak initially inside the clamp.
Leaking flariges and couplings can be sealed by:

installing a seal clamp covering the leaking flange;

illbtd}}ills d IICTVV Luupliug,
increasing the bolt pre-load;

replacing gaskets and seals.

Prior to increasing the pre-load in bolts, it shall be documented by engineering calculation that no over-
stressing occurs in the bolts, flange or gasket and seals. In case the pre-load in the bolts is removed, e.g.
due to changing of a gasket, new bolts shall be used for the flange connection.

All repair clamps, sleeves, pipe spools and mechanical connectors shall be qualified to the governing
design premises and codes for the respective operating pressure prior to installation and leak tested
after installation.
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For guidance upon pipeline subsea repair, reference is made to DNV RP F113, which provides description
of different pipeline repair equipment and tools, their application, qualification principles to be used,
pipeline interaction forces to be designed for, design principles and guidelines, requirements related
to mechanical sealing, hyperbaric welding, test philosophy relevant for the different phases of repair

equipment qualification and documentation requirements. Design and qualification guidelines for
tap fittings and plug applications are also given in DNV RP F113.

9.8.2 Detailed procedures

hot

The operator shall establish detailed procedures regarding the execution of mitigation activities,

interventiqi—=at 3 :
replacement repair operation can include:

ore OP O Y, c G O c V vOTvCU o pPIpP

a) emptyjng or isolating the location with isolation plugs;

(10N

b) seabed intervention (e.g. excavation, gravel filling), for access and to provide ‘stable support

conditjon for pipeline support and alignment tools;
c) cutting and removal of weight and corrosion coating;
d) cleaning, close visual inspection and NDT of damage, as required;
e) restralning and supporting the pipeline prior to cutting (e.g. by H-ftames);
f) cutting and removing the damaged section;
g) onshore detailed inspection of the damaged section;
h) prepaijation and inspection of pipeline ends at seabed,to conform to the repair tool specificatio

i) installption of new pipeline section and connecting‘the ends after required alignment by use of
repair|tool;

j)  maring operation procedures as required, e€.g: buoyancy elements, jacking from the seabed or liff
assistgnce from support vessel, tie-in andvalignment tools, mounting frame and welding habitafs;

k) retrieyal of installation tools and equipment.;
1) commissioning of repair operation (e.g. NDT, leak test);

m) protection over repaired-section (e.g. cover, gravel bags or mattresses) against third-p3
interfgrence;

n) pressure testing.
For any defailed procedures that are prepared, the procedures should include at a minimum:

— project .procedures defining repair project organization, the roles, responsibilities

n;

the

—e

ng

«

Arty

and

commuuication lines between all parties involved;

— procedures for emptying and cleaning the pipeline prior to cutting of pipe section;

— emergency preparedness plans for the operation;

— procedures for seabed interventions;

— procedure for required marine operation, including restrictions related to weather window;
— pipeline repair procedures;

— NDT and leak test procedures;

— procedures for protection of the repair location against third-party loads.
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Performance measurement and improvement

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, and as part of a 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

eva
con
acti

10.

10.
per

NOT
med

10.
sha
med

Uate the IMP’S adequacy, implementation and effectiveness. This review will provide 14
finual improvement of the IMP, which can include recommendations for corrective and pi
ons if deficiencies are identified.

2 Performance measurement

P.1 The operator shall develop performance measures to enable the evaluation of IMP 1
formance measures shall evaluate the representative sections of the IMP.

E ASME B31.8S and API RP 1160 provide examples of performance measures. Example for f
surement is also shown in Annex D.

P.2 The operator shall evaluate the performance measure results at least annually and 4
| identify any trends and areas for improvement.¢The operator shall compare the p¢
isure results between different segments in the same pipeline system or different pipeli

in different areas. The information obtained shall becused to evaluate the effectiveness of prej

mit
con

10.

pare its results with industry benchmark tréfids to identify areas for improvement.

recommendations and requirements forimproving performance. Results of performance me

and

10.
The

whe
imp

10.

10.

the benefit of the integrity management programme shall be communicated to relevant st:

3 Management review

n reporting operator’s goals and targets. The management review will identify areas fi
rovement of the IMP.

4 System audit

operator shall develop)d process to conduct annual management reviews of the performar
0

edback for
eventative

esults. The

erformance

he analysis
prformance
he systems
rentive and

gation actions or overall IMP and to analyze and identify the improvements. The operatdr shall also

.3 A formal performance measurement report shall be prepared including the results,

asurement
hkeholders.

ceresults
continual

t.1<An audit of the IMP shall be conducted on a minimum 5-year basis to enable the

identdy any non-conformances with the adequacy, implementation and effectiveness of t

perator to

}Te IMP. The

audit shall be conducted by an independent third party or by the operator using persons independent of

the

development and implementation of the IMP.

10.4.2 Any findings of non-conformance shall be documented and corrective actions shall be proposed,
implemented and monitored.
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11 Data management
11.1 Data acquisition

11.1.1 Data acquisition content

Pipeline integrity management shall cover the entire lifecycle of a pipeline. Data sources for pipeline
integrity management include information relating to design, materials, installation, commissioning
activities as well as for operating, maintenance, repair and abandonment data. Data sources also
include survey records, environment data, social resource data, failure analysis, emergency response
plans, etc.

Annex E gdrovides data categories and suggested data acquisition processes for pipelinge)integrity
management. Not all pipelines will need all the data categories as in Annex E.

The operator shall gather and maintain the necessary data for adjacent areas for, consideratiop of
integrity mlanagement, particularly items that impact pipeline integrity threats and fajlure consequgnce
assessment.

11.1.2 Dajta acquisition method

11.1.2.1 Routing survey

The pipelime baseline is defined as the routing survey (or as-built) which is developed after pipeline
installation. The surveyed pipeline coordinate points shall inchude, but not be limited to the depth of
cover, bend corner points and intersections with other infrastructure.

During opg¢ration and maintenance activities, the operators shall maintain and update survey datp as
appropriatg.

Where a plipeline is re-aligned, the new baseline-shall be established and pipeline records shal| be
updated adcordingly to form a new baseline.

11.1.2.2 Data acquisition for pipeline facilities

installatiom phases as part of/the survey and digital pipeline data collected. During the pipeline

Informat10£ of the pipeline facilities’ and bathymetric/map shall be obtained during the pipeline
installation phase, the operatérshall consider gathering information of seabed geology and topography.

Data acquisition should dnclude digitization activities such as the transfer of paper records formed
during ingtallation and operating periods into the pipeline integrity management system. Such
records cah includersourcing and quality records, operating records, repair records, examination pnd
constructipn souree records and maps or remote sensing images.

11.1.3 Datazalignment

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

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

a) Abaseline alignment shall be completed that defines the centreline reference. This baseline alignment
shall be from original installation surveys or from aligned mapping data from routing survey.

b) If internal inspection is carried out, alignment shall be referenced to internal inspection
circumferential weld number.
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11.2 Data transfer

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

Pipeline facility data shall be submitted in either digital or hard-copy format. Among them, centreline
data shall be submitted in standard format, and the examples of these tables are given in Annex F.

11.3 Data integration

11.

Thd
refe

In fnore advanced applications, data integration processes can include computer applic

spa

11.

Var
tim
pra
sur
tha

The
Any

Dat

b)

8.1 General

data management system shall enable data integration and inquiry. Data integratio
rs to the process of utilizing two or more data sets to identify conditions of interést on t

Fially align and correlate the available data along the pipeline with predetermined criteri

8.2 Data integration requirements

ous data elements used to assess the consequence of a threat and its likelihood might c

Ctices, changes in pipeline properties, reroutes and new/lines, as well as changes
Foundings changes due to encroachment. The operatorsshall have management practices
data used for risk assessment is accurate and current.

operator shall provide ways to update data content and means to validate and check up
automated calculations and/or managementdiscussions shall use updated and validate

h integration requirements should includéthe following specified elements:
Storage checking: Stored data should-be routinely validated to ensure consistency and i

Update of data content: All changed asset information, e.g. coating or replaced pipelin
shall be collected and stored including information relating to the local environment
assets in the vicinity. The-integrity management system should be updated as necessa
utilize the data.

Update checking: Periodic checks should be made to ensure that the data is current. Wh
activities have a&will occur checking should be more frequent.

Version madnagement: All updates shall identify version details and these data ¢
of histarical data with current data shall enable changes to be assessed in the asg
surroundings.

Data modification rule: Modifications of the pipeline system data shall be subject to a m|

b

generally
e pipeline.
htions that
h and rules.

hange with

e. The need for these changes can be caused by various factors including modifications t¢ operating

n pipeline
hat ensure

Hated data.
1 datasets.

s integrity.

e sections,
and other
'y and will

ere human

omparison
et and the

anagement

of rh:\ngn prnr‘nr]nrﬂ that shall address the r‘nnfinning safe nppr:\h'nn of the pipn]i

e system.

Documentation of changes and communication to those who need to be informed is essential.

The modification of pipeline centreline requires a procedure for examination and approval. Updates
should be managed to make sure data’s safety and efficiency. Base data prior to updating should be
retained for information.

©IS

02019 - All rights reserved

49


https://standardsiso.com/api/?name=2eaa35fe378c5c39c88a8e1638840714

ISO 19345-2:2019(E)

12 Pipeline integrity management within emergency response planning and
failure management

12.1 Emergency response planning

12.1.1 General

Pipeline integrity management is designed to control the risks of failure by managing the pipeline and
its environment throughout its life. No method can be considered 100 % successful and third parties

and severe natural causes can defeat the control mechanisms Ipnding to damngp and pn‘rpntinl

eak

paths. Eme
failure.

The IMP pt
developed.
to provide

12.1.2 Enmergency plan preparation

Emergency
supported
catered for
is significal

The operat
failure typ
measures

procedure
manning r

12.1.3 Pr

rgency planning is therefore necessary to prepare for and minimise the consequence

ocess provides valuable information that shall be used when emergency respohse plans
Integrity management personnel shall be included in the emergency response organiza
known information of the threats, consequences and conditions of the pipeline assets.

planning is focussed on logistical and command activitie$; however the plannin
by proactive assessment of the pipeline risks and enviromments. All pipeline events
in the planning, however additional attention is necessary where the consequence of fai
ht.

or shall prepare emergency plans for the entire pipelitie. The operator shall identify poter
s, their consequence and the environment involved®o enable specific response prepared
[0 be implemented for those. These measures, can involve operational pipeline shut d
5, 24/7 duty call and emergency controllercgperators, specialist materials, equipment
bquirements and consider locational challenges and local regulatory requirements.

pparation for emergency data

The opera

emergencyl command centre, repair and\recovery centre or other relevant units or individuals to m

or shall organize documentation required for emergency rescue and deliver then

of a

are
fion

is
are
ure

Uy

tial
ess
wn
and

to
ake

sure that they will have required documients in hand. Such documents can include but are not limited to:

a) drawings of pipeline routing,\pipeline-surrounded seabed topography;

b) basic pipeline informatien: material quality, pipeline diameter, wall thickness, welding technigue,
and pipeline depth (for)buried pipe section);

c) operatling parameters: transportation medium and property, temperature, pressure and flow, gtc.;

d) the mdstre¢ent integrity management reports, such as in-line and external inspection reports, fisk
assessment reports, defect-repair program status, and any plans relating to risk prevention pnd
mltlga lonmeasuresin p]nrn or rnqnirnd forthat Cngmnnf

12.1.4 Emergency response

In case of an emergency, the emergency controller operator should obtain the detailed information on
the pipeline segment. As a first step, shutting down the pipeline system by shutdown valves shall be
considered.

Defect information from GIS and inspection records can be used to identify possible leakage points, to
assist with equipment preparation for the response crews. Relevant personnel should, based on field
location information and features of pipelines (bend, repair sleeve, etc., if applicable), match pipelines
with ILI results and other known information regarding the type and dimension of defects known, to
identify potential failure causes and modes.
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The information regarding type, dimension of defects and other neighbouring of defects can impact the
emergency recovery strategy, which can be tailored and adopted with such information.

12.2 Failure management

12.2.1 General

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

Thd
con

operator shall analyze the causes of all pipeline integrity events that cause or¢an cquse loss of

of 1

ero

thiy

cur
ass

Fai
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cau
cur
pro

12.

Thd
invg
exp

fail
of f

Background information to be-ihcluded in the analysis shall be identified. Such inform|
include, but is not limited to-the following:

I

fainment. These events can include: auxiliary equipment failure incidents due ‘to”leak
ipelines failing to meet expected operational functions as a result of pipeline ‘defects
bion, etc.), status of design requirements or loads that are beyond expectations as a r¢
d-party construction, natural and geologic disasters, or other externaDfactors. Sever
Fently exist both on the market and internally within operator’s organization. Examples
essments, fault tree analysis, etc.

re management shall analyze both the root causes and contributing causes,
gement system changes that can have contributed to the incident. This analysis can in
ces of incidents, analysis of emergency response and reviews of any identified weakné
Fent integrity program or procedures and of the related implementations of the progr
cedures etc.

P.2 Failure analysis

operator shall develop a failure analysis'plan specifying the failure analysis, requirg
bstigation methodology to be used for~typical failures according to best known pr4
ertise available. An overall and systematic root cause analysis shall be conducted to

rensic test results.

age, status
(fatigue or
sult of any
hl methods
ire bow-tie

including
volve: root
sses in the
am and/or

d test and
ctices and
determine

ire mode, causes of failures based.ofifield survey and background documents and with combination

Ation shall

a) [condition of pipeliné.segments;

b) |operating record of the pipeline or station equipment, including pressure meapurements,
temperatureimeasurements and properties of the product medium;

c) |mainterance and failure records of pipeline segment or equipment;

d) |material selection, manufacturing methods and thermal treatment history of pipeline sggments (as
well'as acceptance/commissioning test results); and

e) prior risk assessment.

12.2.3 Incident investigation report

The incident investigation report shall be prepared by qualified and assigned personnel within
operators’ 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 (i.e. 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
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the complexity of the 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 should include, but is not limited to the following:

a) background and information of the incident(s);

b) incident investigation results;

c) conclusions and recommendations.

The opera ort

to avoid future incident of a similar nature. The operator shall also further re-establish the performgnce

level of thel IMP through analysis using the incident data and other data of known incidents.

12.2.4 Remedial and preventative measures

The operator shall prepare and implement remedial or preventative measures to~remove the thfeat

of a repeat incident, including any specific lessons learned relating to the failure recovery phpse.

Such measpres should include, but are not limited to a risk assessment on measures taken including

procedures for corrective and preventative measures as well as implementation of a tracking pnd

monitoring system on the remedial and preventative measures put in place to ensure root causes off the

incident are mitigated.

The impldmentation plan of corrective and preventative méasures shall meet the following

requirements:

a) specific timeline for implementation;

b) implerhentation of processes to drive and monitor the'close out of recommendations;

c) review conformity of corrective and preventative measures taken to ensure that they meet
requirpments of relevant procedures.

12.2.5 Fallure recovery prior to restart

The operator shall carry out an engineering assessment of the failed pipeline section to confirm that

all other defects which are identified as having the potential to induce further failures have Heen

addressed pnd that the risks and/orconsequences have been mitigated in accordance with the integfrity

management plan, before a restart of the pipelines. The decision to restart the pipeline and the analsis

shall be dofumented and take‘into account the requirements of the local regulatory body.

The operator shall collect all the documents relating to emergency measures taken, including all

records of changes to,pipelines due to the emergency response as according to 12.1 and all analysds of

the trends pof failureds per failure statistics of 12.2.6.

12.2.6 Trend analysis of pipeline incidents and causes

The operator shall perform statistical analysis and track trends of incidents either by itself or by
participation in relevant organizations, to provide basic data to support to the effectiveness of pipeline
integrity management.

Incident data trend analyses shall include: incident classification types, causes classification types,
classifications and common calculations of the magnitude or scale of the incident effects. The incident
data collection shall be made to comprehensively meetrelevant requirements to ensure data validity and
accuracy. Incident data shall be recorded in a consistent manner to aid in future comparison analysis.
Qualified 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.

The designated qualified 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
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available. Trend analyses can be divided into overall trend analysis and trend analysis for any certain
type of incident.

13 Pipeline remaining life assessment and abandonment processes

13.1 General

At a point in the pipeline’s lifecycle, the pipeline might enter a stage where the increase of risk factors
exceed the practlcahty and ab111ty to mltlgate those risks such as a hlgh operatlonal risks from a large
numnbe d —marqer. Should

igeline with
respect to public and environment safety is still lower than the acceptable risk, while'still njeeting any

A pjpeline life assessment shall also be performed if the pipeline operational life exceed§, or would
exceed the original design life, or if the economics of the pipeline operations becomes urffavourable
follpwing upstream or downstream changes in pipeline operation.

An effective pipeline life assessment should include, but not is limited to, the following aspedts:
a) |pipeline integrity assessment;
b) |risk assessment;

c) |economic viability assessment;
d) |physical life assessment;

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

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

g) |assessment on nonconforming items against current law, regulation or standard;
h) |analysis of any changes'to the specifications for design, pipe manufacture and installatipn.
Repair measures required to mitigate any future hazards shall be developed as necessary.
Pipelines that have been idle can be re-used or re-designed for other purposes (see 13.4).

If a| pipelineMife assessment cannot demonstrate that a pipeline can run safely and ec¢nomically,
the| operator shall consider decommissioning, abandoning or down rating the pipeling pressure.
Conversely if a pipeline life assessment is used to demonstrate that the pipeline is able to run safely and

eco 3 1] rs Laichk 43 S L fad
lUllll\,Clll)’ dalt d lllsllcl UPCI Cl\.llls lJl Cooury, it Ldil uc Lll_ll dallu.

13.2 Pipeline remaining life assessment process

13.2.1 General
The process for a pipeline remaining life assessment is illustrated in Figure 5.

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

abandoned.

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

If the pipeline remaining life assessment indicates that the pipeline is still viable for ongoing operation,
any necesspry pipeline repair and maintenance activities shall be scheduled and performed in.a\tithely
manner. Alfurther pipeline remaining life reassessment shall also be scheduled, at an intefyal bdsed
upon the key factors of the pipeline remaining life review, to support continuous safe pipeline operatfion.

If the pipeline remaining life assessment results indicate that the remaining life of.a\pipeline is zero,
then the pipeline shall be abandoned.

Data
collection

Pipeline
segmentation

!

Integrity
assessment

Y

1

U

peline physical
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Economic viability
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Figure 5 — Process for pipeline life assessment
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13.2.2 Data collection

The following data is required for a pipeline life assessment:

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

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

C) Mamufactureand-instatationr—tndustriat vvcldiug mrethodsand PTrOTCESSTS; modeof pipc ine laying,
field welding methods and processes, buried depth, field non-destructive test.

d) [Commissioning: Commissioning and bulge testing records.

e) |Operating data: Historical records of pressure, flow and temperature;“Vhistorical records of
corrosion detection, leak detection, safety forewarning system, corrosion ionitoring anld record of
use of chemicals.

f) |Environment load: Wave, current, fishing trawling, etc.

g) |Inspection results: In-line, direct assessment and CP surveys: including details of |inspection
method, inspection frequency, inspection results such as size’and distribution of corrosipn, welding
defect, crack or coating defect, etc.

h) |Integrity assessment results: Historical records of préssure bearing capacity of all typeq of defects,
number of unacceptable defects, repair and maintenance suggestions, suggestions for retinspection
intervals.

i) |Failure statistics and analysis: Mode, causés, likelihood or consequence of failure, hydfo-blasting
experimental results, analytical results of‘the true failure of steel pipes.

j) |Historical records of repair: Overhatl records of coating, repair method and time for &ll types of
defects.

k) |Generalinspection results: Records of settlement, crossing inspection and other third-pgrty events.

1) |CCAs identification: Current changes and future.

m) |Risk assessment results: CCAs segment information.

n) |Historical finance’data: Transportation revenue, transportation cost, the original value pf the fixed
asset and theliricreasing value for the pipeline system, the original value of the pipeline, the newly
increased Vvalue of the pipeline (fixed assets counted in route section due to overhaul, updating
or renovation), pipeline maintenance cost (route maintenance cost, wax clearing fee and pipeline
cleaniing fee, patrolling fee, flood protection fee, barrier removal fee and safety protecti¢n fee).

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

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

operator’s integrity management practices and the pipeline’s circumstances.

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

13.2.3 Pipeline segmentation

Individual pipeline segments can have a distinct difference on the likelihood of failure and consequence
in the risk evaluation, due to the differences in fabrication, installation and surrounding environmental
factors. The operator shall therefore segment and assess the pipeline segment according to logical
factors. Pipeline segmentation shall utilise data including: variation to operating condition, failure
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history, unacceptable defect density, material performance and operation pressure, pipeline running

time and ri

sk assessment results.

13.2.4 Integrity assessment

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

a) review of the historical operation records;

b) detaile
c) failure
d) analys
e) changg

f) recom

13.2.5 Phjysical life determination

After the 4
determine
where tech

The key in
the life of
pipeline in

Specifying
following:
a) wheth
ductili
b) wheth
to intr
c) pipelin
flow) 4
d) assess
tempe

and th

d assessment of the integrity of the pipeline system;
mode and cause analysis;

is and testing of steel pipe and weld quality;

of pipeline process;

mendations for safe operation and management.

ssessment of the pipeline integrity conditions, a key index 'method should be adopte
pipeline physical life, where other appropriate assessmént methods can also be used
nical conditions and data availability permits.

Hex method, which is based on inspection and asséssment data, uses key factors that aff
h pipeline through subject matter expert review and assessment. This method details
regrity and is used to determine the likely pipeline availability and in-service risks.

a key technical index is a requirement.jnassessing pipeline physical life and investigates

b1 pipeline materials and perfotmance of welds (parent metals and strength, plasticit
Ly of welds) meet relevant standards;

br pipelines have time-related defects that cannot be maintained or repaired and are fo
bduce an increasing likelihood of failure;

es that are unsuitable for conventional inspection (e.g. serious wax deposit or insuffic
hat cannot be maintained or repaired and are found to have a greater likelihood of failur

ment results® for changes in pipeline operational process conditions (transporta
Fature aftid medium, etc.) indicate that the pipeline cannot satisfy safe operation requireme
ere isigreater likelihood of failure;

] to
and

fect
the

the

y or

und

lent

2

fion

ents

ded

e) ineffed

tive corrosion resistance from coating failure e.g., failure of aging coatings, disbon

sleeves, ineffective CP;

f) likelihood of failure of all segments within the pipeline, where in the case that the likelihood of
failure exceeds the acceptable risk level and recent likelihood of failure increases abruptly, the
situation shall be considered unacceptable;

g) conformity of the operation and integrity of transportation pipelines to relevant pipeline laws,
regulations and standards;

h) whether demands of transportation of liquid and gas resources match the pipeline’s practical
transportation capacity.
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If one or more of above technical indexes cannot satisfy the requirements for safe pipeline operation,
the operator should consider abandonment of the pipeline. If the operator can demonstrate pipeline
integrity with sufficient evidence, the pipeline operations can continue.

With a corrosion growth rate model, crack growth propagation model and other related methods,
defect growth and its impact on pipeline integrity for future years can be predicted. By the analysis
and application of such data, the conformity of a pipeline to specified technical indexes in coming years
can also be preliminarily confirmed, in order to facilitate decisions and actions regarding pipeline
abandonment.

This document suggests the use of calculations of likelihood for the failure that are based upon

relipbility of inspection data where technical conditions and data permit. Such calcul

hel

maximum allowable likelihood, in order to define the physical life of the pipeline. After g

ins
acc

as y

All
pip
ma

13.

13.

Thi
cos

applropriate assessment methods can also be-applied wherever technical conditions and d
pelines do not have such data, or have insufficient future liquid or gas supply and cann¢t meet the

Ifp

min
of t

hig
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a)
b)
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te
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I‘e
opomic comparison includes:

CII

of 4

determine the likelihood of pipeline failure at specific times in the future for conmipat

ection, a physical life assessment should be performed again. This physical lifejassessnj
unt for uncertainty in the inspection (e.g. ILI defect sizing or probability of detection) d
ncertainty in service condition.

records of integrity assessment, physical life assessment, economic-assessment and d
bline operation shall be captured as data within the data management of the pipelin|
nagement system.

.6 Economic viability assessment

P.6.1 Economic comparison

method and cost-benefit analysis method for assessing a pipeline’s economic viab

imum requirements for pipeline transportation, then that result should be considered
he original design life or earlier, patticularly if transportation costs of operating the p
r than those of alternative methods, such as railway and ocean transportation.

comparison between life extension of existing pipelines and new replacement;
comparison of différent transportation modes for low transportation quantity.

pared to existing, and particularly older pipelines, newly-constructed pipelines wi
nologically“advanced and scientifically-designed to run more safely and efficiently. R
pipeline-will reduce operating risks and maintenance costs, however, it will require a
unt of.capital investment. In terms of the optimal time to replace a pipeline, considera
iven to-the likelihood that an abandoned pipeline will produce substantial resource was

htions will
ison to the
ipeline re-
ent should
ata as well

pcisions on
e integrity

5 document describes the economic comparisongfischemes, including the minimum annfial average

lity. Other
hta permit.

at the end
ipeline are

1 be more
bplacement
significant
ion should
fe.

d be based

e-économicevaluation of the viahilify of an pvicfing pipp]inp’ the cost r‘nmpqricnn shou

upon the total costs for the existing pipeline against the minimum annual average cost of a newly-built
replacement pipeline. The decision to continue or replace the pipeline shall be accordance with the
principle of minimising overall annual cost.

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

13.2.6.2 Minimum annual average cost method

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

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

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

economic y

13.2.6.3 (

Relative to
under whi
objectives

pipelines.

13.2.7 Riy

Risks relat|
regarding

business d
life assessy

The opergtors should establish specific standards~for allowable risks that meet its opera

iability region.

ost-benefit method

pipeline income, costs arise from pipeline operation and are applicable for*Circumsta
Ch the upstream resources for the throughput of the pipeline are not stable and busi
nclude a criteria for profit maximization.

bk assessment

pd to pipeline operations are key indices (see Clause 6for detailed methods) in the decis
pipeline service life. Risks considered shall include’ consequence factors for safety
sruption for current and future operations. It therefore constitute an important part of
hent.

!

Based on the bearing capacity and operator preferences, this method outlinesthe’economic viability

ces
ess

for

ons
and
the

[ing

requirements. [ISO 16708 provides guidelines in riskjacceptability and target likelihood of failure.
13.2.8 Remaining life assessment

According [to the assessment results in _the previous sub-clauses, decisions can be made regarding
continued |pipeline use, degradatiom™in operation, deactivation and abandonment. If the pipelir;rte is
still required for operation integrity, management shall be applied otherwise it shall be appropriaftely
abandoned.

13.3 Deactivation and-abandonment process

13.3.1 Guideline for‘the abandonment of a transportation pipeline

If it has be
should be 3

bn determined, by remaining life assessment, or according to local legislation that a pipe

line

bandoned, the operator shall undergo the steps for decommissioning and then abandonmlent.

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

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

Once a pipeline is abandoned, it should be physically isolated from the liquid or gas transportation
system network.
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Cleaning activities should be performed immediately after the pipeline is deactivated. Safety and
environmental risks for the abandoned pipeline should be thoroughly eliminated or reduced to a
predetermined acceptable level. For the abandonment in place, the operator should consider filling
the abandoned pipeline with a permanent inert substance (e.g. filling seawater and inhibitor) and such
pipelines should be capped, plugged, or otherwise effectively sealed.

13.3.2 Preparation before pipeline abandonment

Before undertaking pipeline abandonment, the operator shall organize qualified personnel to

ntrust environmental evaluation and safety evaluation
6 platrisreqgtire ahratyzesafety-andenvirotmental risks
o determine the relevant control measures, ensuring that enbfre pipeline
abapdonment and disposal processes are under control and that environmental protectiof conforms
to lpcal requirements. If there is no transported liquid medium disposed on site during abandonment,
ass¢ssment of its impact on environment and safety assessment will be unnecessary-

13.8.3 Pipeline cleaning

Cled
con|
rec)

ining shall be conducted if necessary before abandonment. All pipeline cleaning activit{es shall be
ducted in accordance with the specified environmental protectioh.methods, including thie recovery,
cling, separation, measuring, transportation and storage of removed liquid and gas.

13.8.4 Deactivation of pipeline

1 out. The
m the main
ld caps, or

To reuse a pipeline or pipeline segments in the future, deactivation should be carrie
deartivation of pipelines involves depressurization, cléaning and isolation of the segment fro
trapsportation pipeline network. The operator shallisolate the pipe using blind flanges, w¢
blirlding plates and where required, provide a pressure-relief system.
Thd

operator shall fill the pipe segment with a suitable medium; having regard for the intended

durption of the deactivation, the effects of the medium on the integrity of the pipeline, and tHe potential
congequences of a failure. For instancef water carrying a corrosion inhibitor, low-pressure hitrogen or
any|other proper inert gas can be used-for filling.

Updn completion of pipelinessealing, further in-service pipeline management measuftes should
be ¢arried out to eliminate-any further risk. Such measures shall include, but are not limlited to the
follpwing:

a) |maintain externaland internal corrosion control;

b) [maintain reeords; and

c) |where considered appropriate, perform other maintenance activities.

For|pipelines that have been deactivated, the operator shall annually confirm the suitabjlity of the
deartivation methods used, the corrosion control and other maintenance activities to ensure ongoing
thes o oftheproet et H : 1 . |

13.3.5 Records

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

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

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

13.4 Life extension and recycle of pipeline

13.4.1 Life extension

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

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

The operatjor shall document and record the life extension assessment.

Life extengion processes include the integrity assessment of the curgent pipeline and assessment off life
extension applicability. Such an assessment shall consider circumstances that have been documented in
routine ope¢ration, but were not considered in the original design.of the pipeline.

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

Such remeglial measures include:

a) replacement of pipe fittings;

b) reassegsment of limit values of anoimalies and correction of anomalies;
c) reassepsment of pipeline degradation while still in operation.

Assessmerft can be referredte SO/ TS 12747 for pipeline life extension and to 13.2 for detailed methods
of life extefsion.

13.4.2 Repctivation\of pipeline

The operator ean-reuse a pipeline which has been previously deactivated. Prior to reactivating|the
ipeli e_gperator shall conduct an engineering assessment to determine whether the pipeline
) . e ) : L dline
would not be suitable for its intended service, the operator shall implement measures necessary to
make it suitable before reactivating the pipeline.

13.5 Uprating

13.5.1 General requirements

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

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

13.5.2 Limitation on increase in maximum allowable operating pressure

The proposed MAOP shall not exceed the maximum allowed under ISO 13623 for a new segment of

MAOP, the

begment of
 operating

h the new

to prevent

bd increase

lations for
kic test can

pip line constructed of the same materialsin the same location

NOTE Local laws and regulations can also apply.

13.5.3 Uprating method

Befpre increasing the operating pressure of the pipeline above the previously established

operator shall apply the following steps as a minimum.

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

b) [Make any repairs, replacements, or alterations necessary to be compatible (safe) wif
operating level.

c) |Adequately reinforce or anchor any offsets, bends and dead ends in coupled pipe
movement of the pipe.

d) |Review the class location change in pipelingdight-of-way and determine that the propos
is safe and consistent with new requirements of regulations and laws.

e) |Repair any failure detected before afurther pressure increase is made.

f) |If the pipeline materials can be.identified through a material test and the design calct
the pipeline would be the same as those for a new pipeline in the same area, a hydrosta
be completed to establish-anew MAOP.

g) |Ifahydrostatic test jssidentified in the written plan as the method for uprating the pipeline, the test
of the pipeline segmerit should be performed in accordance with 8.3.

h) |If the new MAOP‘will be established by sequentially increasing the pressure in the pif

the following'shall be considered:

1) Anyincreases 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 incremental increase, tH
shall be held constant while the entire segment of pipeline that is affected is checke

eline, then

 increased
e pressure
1 for leaks.

2) The new MAOP does not exceed 70 % of that allowed for a new line in the same locat

same design.

ion and the

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

The incremental increases in pressure shall be made equal to:

10 % of the pressure before the uprating; or

25 % of the total pressure increase,

whichever produces the fewer number of increments.
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13.6 Reporting

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

a) general description of the pipeline and pipeline life assessment procedure;
b) main results of the pipeline integrity assessment;

¢) main conclusions to the risk assessment;

d)
e) rant
f)
g)
h) and

14 Records and documents management

14.1 The pperator shall establish plans for the classificationidentification, collection, storage jand
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) object]ve evidence of pipeline management system effectiveness and conformity;
c) records and documents of decision-making‘and approvals.

Procedure$ shall cover electronic andwpaper-based records and documents. Classification included
documentd considered confidential ersnon-confidential.

14.2 The Joperators shall prepaté and manage records and documents related to pipeline degign,
constructign, commissioningydperation, maintenance and abandonment that are needed for performing
the activitig¢s included in theZpipeline IMP. The following items shall be included as a minimum:

a) Desigrl, constructieh and commissioning details, including but not limited to:

1) depsign basis, including design calculations;

2) material specifications and certification;

3) inspection and test certification and reports;

4) documents relating to authorizations and permits to operate;

5) surveys and route documentation;

6) pressure testing summary;

7) any adjustments, events and non-conformances during each phase.
b) Operation and maintenance details, including but not limited to:

1) historical pipeline management system plans and procedures;
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2) any change to operating conditions;

3) any modifications to the maps, charts, plans, drawings and procedures, required to allow the

procedures to be properly administered;
4) details of any corrosion, dents or other anomalies;
5) details of the CP system;
6) failure records, analysis and subsequent preventative actions;

7) details of inspections and inspections and testing carried ont when cutting a

bipeline or

15

15.

The
per
and
con
an ¢

15.

The
Thi

’ making hot taps;
8) repairs and modifications;
9) pipeline surveillance reports;
10) emergency response and exercises records;
11) personnel training and qualification records;
12) reports on third-parties.
Abandonment details:

The operator shall document the archiving or disposal of records associated with an
pipeline. A record shall be kept of all abandoned pipelines that remain in situ, to preve
mistakes in identifying an abandoned pipeline aszan operational pipeline. Where CP is

hbandoned
nt possible
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.

Communication

1 General

operator shall develop ahd implement a communications plan in order to keep dppropriate

onnel, jurisdictional adthorities and the public informed about its integrity managem

the results of its integrity management activities, for pipelines near shore. Informat
municated routinélyy or upon request. Use of industry, jurisdictional and company webs
ffective way to €emduct these communication efforts.

2 Communications

ent efforts
ion can be
ites can be

operator manager and other appropriate operator personnel shall understand and supp¢rt the IMP.

5 shall be accomplished through the development and implementation of a communic

Per

ation plan.

forrhance measures reviewed on a periodic basis and resulting adjustments to the IMP slall be part

of the communication plan.

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

dep
a)
b)
‘)

artments:

key components of the integrity management framework, and any subsequent modifications.

adequate reporting, its effectiveness and the outcomes.

relevant information derived from the application of integrity management available at appropriate

levels and times.
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16 Management of change

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

permanent or temporary.

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

a) reason for change;

b) authorty forapproving chianges;

c) effectiye date for change to occur;

d) analysfs of implications of the change;

e) documentation, drawings and records updating communication of change to affeeted parties.
Impact and risk of changes should be adequately identified and communicated internally and externally.
Changes shall be managed through the full life of the pipeline, including design;construction, operatfion,
maintenanice and abandonment. Any new results derived from the integrity management efforts pnd

the subsequent amendments should be effectively updated in the systeii and managed as changes.

Re-evaluatjion of critical consequence areas, risk and modification of the IMP shall be applied wher¢
there is a grocess change, modification to the pipeline or a pipelinge repair.

17 Train

17.1 Gen

It is recogl
degree to

requireme
the require

The operat

The traini
individualg
allowed to

When new

ing and skills

bral

nized that different jurisdictions require a minimum qualification, such as an enginee
perform any pipeline engineerinig>work. This clause establishes the complementary
hts for personnel who perforn pipeline integrity management. It also specifies guidance
d training of pipeline integrity management staff.

or should identify training and skill requirements for integrity management personnel.

hg and skill of pipeline integrity management is a stratified system. When quali
achieve a higheplevel previous levels remain valid. Individuals at each level of skill
perform corresponding works as stated in 17.2.

regulations, equipment, techniques and procedures, or new management concepts

adopted infto a pipeline operating company and relate to pipeline integrity management, the reley

personnel

bhall Be re-trained as necessary.

ver

ing
kill
for

fied

are

are
rfant

17.2 Levels of skill

The training and skill can be divided into three levels:

a) level 1 (preliminary level);
b) level 2 (intermediary level);
c) level 3 (senior level).

Based on the intended scope of work, individuals shall have sufficient qualification in pipeline integrity
management to the level required for the works that they are intended to perform. Otherwise the
designated individuals should undertake the appropriate training required to achieve the necessary
skill level. Annex G shows the training and skills approach.
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Only individuals who obtain a skill level above level 1 can carry out data acquisition tasks. Individuals
who achieve level 2 skill level can carry out threat identification and risk assessment. Individuals
who achieve level 3 skill level can carry out integrity assessment, comprehensive risk assessment and
performance measurement.

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

Example approach of semi-quantitative risk assessment

An example of semi-quantitative risk assessment is provided in Table A.1. The failure likelihood is

the sum Vﬂ]!!a of thivd navtyy dayaagn tntarnal carrncingy avtarnal corenciny o focting do ect
o ee4eCT,

Hae—ofthird-partydamage—internal-corrosion —external-corrosion —manufacturin g
constructipn defect, and geologic hazard. The failure likelihood is multiplied by the failure consegqugnce

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

Cover

Public education

Dropping objects/ trawlin
Third-party damage .pl.) 90 / & 0 to 100
Activity level

Locating and response

Government's attitude

Product corrosivity

Internal cofrosion and erosion Internal protection 0to 50

Sand production

Soil and water corresivity

Cathodic protection effectiveness

) Cathodic protection test
External cdrrosion - — 0to 50
Coating condition

External inspection and repair

In-line inspection and repair

Internal inspection

Specified minimum yield strength

Safety factors

Manufactulre defect and{construc-|Fatigue
tion defect] Surge potential

Pressure test

0to 100

Seam weld type

rressure

Topography
Geotech
Geologic hazard Hydrotech 0to 100

Pipeline design

Mitigative structures
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Category

Factors

Value

Incorrect operations

Threat identity

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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Annex B
(informative)

Risk matrix

The risk matrix is defined including failure probability rank, failure consequence rank and risk

TOTToTIT

i Tha failura nrohahilityy can ho nrafor by dafinad ac naor Tobhla B 1 Accaccmant of £
categories.+re—tahurep 3 preterably P ure

crerIre oy

cr—roort DT TToUT

TITITCITT—oTr—ToT

consequenges could take the safety, cost, environment, service interruption and reputatioh
considerat|on, as shown in Table B.2. An example of a risk matrix is shown in Table B.3, andthe

nto
risk

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; ot
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 None or.superfi- | Major injury, long-| 4 5 ¢2alities | 3 to 9 fatalities >10 fatalitiefs
cial idjuries term absence
Cost (e.g. $M) <0,01 0,01-0,1 01-1 1-10 >10
. C Slight/Minor . . i
Environmept Insignificant offect Local effect Major effect Massive effeft
Maiorimnpactto
Service s e Major impact to K : Major national Major interna-
: . Insignificant ; upstream/down- : : :
interruption service impact tional impact
stream company
Reputation Insignificant Local impact Ma](?r regional Ma]gr national M_a]or ‘.“te”‘a'
impact impact tional impact
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Table B.3 — Risk matrix

ISO 19345-2:2019(E)

Consequence Likelihood
1 2 3 4 5
E 11 11 v Y Y
D 11 11 11 11 v
C 11 11 11 I I
B I I I II I
A I I | II 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 provides an example of threat categorization, and associated causes of occurrence during

each phas

the potentjal threats for each lifecycle phase. These potential threats are categorized according‘to

and

nature of the threat, such as mechanical (intrinsic factors), environmental (extrinsic factors)@nd then

further sulp 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 lifecycle 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 be anticipated and regular condition. monitoring need t¢ be
conducted [to verify the absence or existence of the threat throughout the service life of the pipeling
Table C.1 — Categorization of threats
[hreats 1. Design 2. 3.Trans- |4.Instal- 5. 6. Opera 7.
Manu- | portation |¢.lation |Pre-comis- tions Aban
fac- |andstorage sioning/ don
ture/ commiss- njent
con- ioning
struc-
tion
Mechanical/ Material QC Damage to |QC Trawling
structural selection pipe or con- interference
Instal-
damage crete coat- |y o0 damage
i hen :
ngw: design
stacking
Mechanical Local Anchoring
protection buckling Vessel impact
Use appro- Concrete Dropped
priate safety coating objects
factors damage
Free span Anchor snag-
Stability Post ging
Vibration by trench Other mechan-
damage s
gas flow ical impact
Landfalls
FTree span
Stability
Vibration by
gas flow
HP/HT phenomena Buckling Control|Buckling
: start-up .
Walking procedures Walking
External corrosion related |Materialand |[QC Coating ROV sur- |Anode degra-
coating selec- damage/ vey before |dation
tion degradation start-up
Poor anode Atmospher- to 1d§nt1fy Coating deg-
design ic corrosion coating radation
damage
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Table C.1 (continued)

ISO 19345-2:2019(E)

Threats 1. Design 2. 3.Trans- |4.Instal- 5. 6. Opera 7.
Manu- | portation | lation |Pre-comis- tions Aban
fac- |andstorage sioning/ don
ture/ commiss- ment
con- ioning
struc-
tion
Internal corrosion related Material QC Caps (to Environ- |Compatibil-|Erosion
selection Caps (to avoid water) |ment ity of fluids MIC
Chemical 3\;’;[1:0 Atmospher- [Dewater- |Pre-com- |Products
selection ic corrosion |ing ;r::gs;;;ltl:ri Differentlcom-
Design to Purging |testing popition
avogi_ upset toleave ¢_/|Wrong clemi-
conditions treated cal frequgncy
Use appropri- wateren- |and concgn-
ate corrosion vironment |tratjon
modelling
Landfall Dewatering
cathpd1c pro- Purging
tection
Incprrect operation Overpressure Incorrect Wrong stlart-
Poor under- procedure up shut down
st:zndlmg Of_ Proce- Proceduifes
actual service dure not
Miscommu- imple- Wrong cljemi-
nications of mented cal frequgncy
requirement and concgn-
tration
Avoid upset
conditions
Weld/pipe body flaws Material.selec- | Devia- Welding |System
tion/ testing |[tion in process |pressure
welding (circular) |test
process
Poor welding |QC QC
procedures Poor
welding
Bevel
damage
Crdcks in pipe’body Material QC System Over charging
selection pressure |the CP system
test
Tvpir‘n”v no Pressure
cracks accept- cycles
ed in design
specification
Weather related Current/ Protect Incorrect Extreme
soliton con- from envi- |weather current/
ditions and ronment window wave/wind
directions conditions
Extreme
wave/wind
conditions
Route/landfall
selection
© IS0 2019 - All rights reserved 71


https://standardsiso.com/api/?name=2eaa35fe378c5c39c88a8e1638840714

ISO 19345-2:2019(E)

Table C.1 (continued)

Threats 1. Design 2. 3.Trans- |4.Instal- 5. 6. Opera 7.
Manu- | portation | lation |Pre-comis- tions Aban
fac- |andstorage sioning/ don
ture/ commiss- ment
con- ioning
struc-
tion
Geologic hazard Route/landfall QA of DP Soil stability
selection systems
(abbz) Earthquakes
Seismic design Pre- and Sand slope
Sand wave/
cliffs/land- ¢
slide design survey Landslides
Liquefaction Liquefaction
Landfall geol-
ogy
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