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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Petroleum and natural gas industry — Pipeline
transportation systems — Pipeline integrity assessment
specification
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3.1

Normative references

document specifies requirements and gives recommendations on the integrity (as
ines of various applications as part of pipeline systems.

document is mainly applicable to onshore pipeline systems, connecting wells; produ
bss plants, refineries and storage facilities, including any section of a pipeline constry
oundaries of such facilities for connection purpose, according to ISO 19345-1. The pr
be used for offshore pipelines where applicable and practical.

document applies to rigid, steel pipelines. It is not applicable\for flexible pipelin
fructed from other materials, such as glass-reinforced plastics.

document does not cover all conditions which might be related to pipeline integrity. 4
ine integrity engineer can evaluate whether additionalréquirements are necessary.

document does not cover the assessment of pipeline defect(s) found during
[ruction or installation, which would need to be:done in accordance with the applicab
sign, construction, material procurement and\welding process applicable at that tin
locument can be applied to the ongoing monitoring and assessment of known flaws fn
hstruction.

following documents are referred to in the text in such a way that some or all of t
[itutes requirements of this*document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

| 9345-1:2019, Petroletim and natural gas industry — Pipeline transportation systemg
rity managementspecification — Part 1: Full-life cycle integrity management for onshorg

[erms, definitions and abbreviated terms

Térms and definitions

sessment of

ction plants,
cted within
inciples can

es or those

\ competent

fabrication/
e standards
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om the time

heir content
applies. For
hts) applies.

— Pipeline
pipeline

Fort

e purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

|
I

3.11

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available at https://www.electropedia.org/

alternating current attenuation survey
ACAS

method of measuring the current attenuation along the pipeline to assess general quality of the coating
by applying the electromagnetic field propagation theory

©ISO

2023 - All rights reserved


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=c1235d3f95c4105ba19b2df52171ccc3

ISO 22974

3.1.2
comprehen

2023(E)

sive assessment

evaluation using two or more separate integrity data sets

3.1.3
corrosion

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

[SOURCE: IS
3.14

0 19345-1:2019, 3.1.5]

crack
planar flaw,

[SOURCE: IS

3.1.5
data transf

or linear discontinuity, with a sharp tip radius

0 19345-1:2019, 3.1.6]

erability

use of data from similar pipelines (in terms of geometry, material, service, environment) to supple

or replace d

3.1.6

deformation

change in s}
other chang
or compone

[SOURCE: IS

3.1.7
defect
imperfectio

[SOURCE: IS

3.1.8
degradatio
models to ey

3.1.9

dent
depression
foreign bodjy

[SOURCE: IS

hta that cannot be obtained, or are difficult to obtain, on the pipelin€ being evaluated

jape of the pipe or component, such as a bend, buckle;:dent, ovality, ripple, wrinkle, o
e that affects the roundness of the pipe or original ctess-section or straightness of the
nt

0 19345-1:2019, 3.1.9]

h of a type or magnitude exceeding acceptable criteria

0 19345-1:2019, 3.1.10]

h modelling
raluate degradation of'materials

which produees a disturbance in the curvature of the pipe wall, caused by contact w
F resulting\n plastic deformation of the pipe wall

0 19345-1:2019, 3.1.11]

3.1.10

ment

- any
pipe

ith a

direct inspection
methodology used to detect and characterize pipeline defects and condition at a specific location

3.1.11
failure

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

[SOURCE: IS

0 19345-1:2019, 3.1.14]
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3.1.12

fitness for purpose

FFP

quantitative engineering evaluation that is performed to demonstrate the structural integrity of an in-
service component that can contain an imperfection, defect or damage

[SOURCE: ISO 19345-1:2019, 3.1.15]

3.1.13
gouge
surface damage to a pipeline caused by contact with a foreign object that has scraped (gouged) material

t £l H les ol l daf 4 - £ 3
Ou I LIIC PIPC, I CDulLllls I A ITITLAI TUSS UTICTULLU Ul lllllJCl ICCLIVUIL

[SOURCE: ISO 19345-1:2019, 3.1.16]

3.1.14
in-line inspection
ILI
inspé¢ction of a pipe wall from the interior of the pipe using specialized tools

[SOURCE: ISO 19345-1:2019, 3.1.19]

3.1.15
integrity assessment
process that includes the inspection and testing of a.pipeline in order to determine physical
charjcteristics and assess its integrity condition by combination of an analysis of data, use pf reliability
assegsment methodologies of the structure and an evaltation of the safety state of the pipeline

[SOURCE: ISO 19345-1:2019, 3.1.20]

3.1.16
maghetic flux leakage
MFL
typelof in-line inspection technology/nwhich a magnetic field is induced in the pipe wall Hetween two
poleg of a magnet

Note |l to entry: Anomalies affecthe distribution of the magnetic flux in the pipe wall. The magnetif flux leakage
pattelrn is used to detect and chapacterize anomalies.

[SOURCE: ISO 19345-1:2019, 3.1.24]

3.1.17
maxjmum allowable operating pressure
MAQP

maximum internal pressure at which a pipeline system, or parts thereof, is allowed to be operated

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

[SOURCE: ISO 19345-1:2019, 3.1.27]

3.1.18
metal loss
pipe wall 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.

[SOURCE: ISO 19345-1:2019, 3.1.28]

©1S0 2023 - All rights reserved 3
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3.1.19

non-destructive testing

NDT

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.

[SOURCE: ISO 19345-1:2019, 3.1.29]

3.1.20

pressure test
means of agsessing the integrity of a new or existing pipeline that involves filling the pipeline [with
water, dry dir or nitrogen, and pressurizing to a level reasonably in excess of the MAOP of the pipeline
to demonstyate that the pipeline is fit for operating condition

[SOURCE: IS0 19345-1:2019, 3.1.34, modified — “dry air or nitrogen” “reasonably’~added, “for a given
time frame flependent on the identified integrity hazards” deleted and “service at the MAOP” replaced
by "operatinlg condition"; Note to entry deleted.]

3.1.21
sizing accufracy
accuracy with which an anomaly dimension or characteristic is reported

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

EXAMPLE Depth sizing accuracy for metal loss using NDF(nrethods, such as an ILI tool, is comrhonly
expressed as[+/-10 % of the wall thickness (the tolerance) and 80 % of the time (the certainty).

[SOURCE: IS0 19345-1:2019, 3.1.40]

3.1.22
stress corrgsion cracking
SCC
cracking of § material produced by the cembined action of corrosion and sustained tensile stress

3.2 Abbreviated terms

AC/DC alternating current/direct current
ACVG alternating@urrent voltage gradient
CIPS close interval potential survey
DCVG diredt current voltage gradient
EMAT electromagnetic acoustic transducer
FFP fitness for purpose

IMP integrity management program
IMU inertial measurement unit

LSM large standoff magnetometry

POD probability of detection

POI probability of identification

4 © IS0 2023 - All rights reserved
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SCT stress concentration tomography

TEM transient electromagnetic method

TFI transverse flux inspection

USCD ultrasonic crack detection

USCCD ultrasonic circumferential crack detection

UT ultrasonic compression wave tool

4 General

4.1 | Key principles

Pipeline operators shall assess the integrity condition and safety state of their operatgd pipelines
by using a suite of inspection, monitoring and evaluation techniqués/methodologies.| Local laws
and [regulations can apply for the integrity assessment. New technelogies should be [encouraged
for application, when they are proved to be effective, safe and to follow industry practi¢es. The key

pring

a)
b)

f)
g)

4.2

iples for integrity assessment are listed below.

elevant data shall be collected, as it constitutes the fundamental basis for a sou
ssessment. Data sets shall be used to determine-the defect types and failure mecha
ipeline and to provide a basis for the selection of the most appropriate assessment nj
ipeline assessment method shall be selected in accordance with the damage mecha
imensions, distribution, expected activityrand progression rates of defects affecting
ind the purpose of the assessment.

q

inspection, pressure test or others! When ILI is applicable, it shall be selected as a prio}

]

q

election.

The interval of pipeline’integrity assessment shall be determined by previous assessm
aks or ruptures:occur in between integrity assessments, then, the interval shall be 1
e-evaluated based on the results of failure analysis (e.g. cause and contributing factor

nowledge @and ability related to integrity assessment shall be possessed by the practif

elevant requirements of ISO 19345-1:2019 shall be applied, and other internatio
tandards should be considered as technical support.

Threats and degradation modes shall be identified accurately for the integrity assessment.

nd integrity
hisms of the
ethods. The
hisms, type,
the pipeline

Dne or more assessment methods>shall be selected based on data collected from ILI, direct

ity.

{istorical records of past failtires and executed repairs shall be considered for assessment method

ent result. If
mmediately

5).
ioners.

hal practice

Pipeline integrity assessment process

4.2.1 The pipeline integrity assessment process shall be continuously improved. Experience obtained
from each assessment assists in determining the most appropriate method for subsequent assessments.

4.2.2 The pipeline integrity assessment process should follow the sequence shown in Figure 1,

including:

a) data collection and analytics;

b) pipeline condition inspection and monitoring;
c) hazard identification;

© IS0 2023 - All rights reserved
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d) FFP assessment;

e) assessment report.

Integrity assessment
(ISO 19345-1:2019, Clause 8)

v
Data collection (5.1) [«
I
v v v
Actpal data Historical data Degradation Data
modelling Transterability

:

Data Analytics
(5.2t05.4)

v

(5.5)

Hazard Identification

Sufficient Data ?

Condition inspection

and monitoring
(Clause 6)

Yes

In-line inspection

Direct inspection

#No

Assessment
method
selection (7.2.2)

A

Missing'ddta
impagct analysis
(5.6)

v

FFP assessment (7.3 to 7.7)

v

Current acceptability (7.8)

¥

Future acceptability (7.9)

v

Assessment report (8.2)

)

Mitigation
(ISO 19345-1:2019, Clause 9)

Figure 1 — Recommended pipeline integrity assessment process

\

Pressure test

Other methods

4.2.3 The assessment of the remaining pipeline strength and remaining life affected by the presence
and type of defects is the core of integrity assessment, and shall be carried out by considering factors

related to service history and external environment.

4.2.4 Comprehensive assessment should be carried out given multiple data generated from different
sources, such as various inspection methods or time periods.

© IS0 2023 - All rights reserved
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5 Data collection and analytics
5.1 Data collection

5.1.1 The scope of data collection should be determined according to the pipeline properties,
potential damage mechanism, assessment methodologies, etc. to evaluate threats, or potential threats,
and damage mechanism(s) for the pipeline. Relevant data and information can be collected along the
entire pipeline life cycle such as design, construction, operation and maintenance phases. When the
pipeline data is deemed insufficient for the integrity assessment, other relevant data such as failure
analysis and integrity assessment reports of pipelines with similar operating conditions should also be
collefted as reference. When data transferability 1s used to determine the FFP of a pipeline, the assessor
should apply conservative factors or allowances to recognize the added uncertainty.

For dxample, the pipeline whose material properties cannot be obtained can referto'the tgst results of
pipelines with similar construction years, same steel grade, same manufacturing processef, same pipe
mantyifacturer, same quality control applied during construction and any othet felevant information.

a) Pipeline attributes: steel grade, diameter, wall thickness, weld type, fluid type, coatihg type and

b) Mechanical properties, such as tensile properties, .engineering stress/strain curye, fracture

e) C(onstruction data, such as welding-gecords, pressure testing, welding procedure specifications,

f) istorical data, such as in-service pressure testing, excavation verification, repair, fgilure(s) and
maintenance data.

g) l.oad data, such as service’load, environmental load, construction load or other additional load.

h) Degradation modelling, such as corrosion growth model, fatigue model, crack extension model, SCC
model.

i) IEnvironmental conditions, such as corrosiveness of the environment, crossing pf railways,
highway$.and rivers and as well as geotechnical and geographical information.

5.2 Data quality

The quality of data available should be determined, including the allowance for varying data quality
over historical events, and identify a confidence level that can be applied to the resulting assessment.
It should be determined whether the data quality is sufficient to enable an FFP assessment to be
completed to the required certainty according to the criticality of the system, which should conform to
the dimensions outlined below, as applicable:

a) Accuracy: Data accuracy should be examined by analysis and verified between different data
sources.

b) Completeness: It should be checked that all needed data is available.

©1S0 2023 - All rights reserved 7
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Consistency: The data should be free of internal contradictions.

Precision: The data should be exact as required.

requirements of FFP assessment.

f)

required.

5.3 Data alignment

Granularity: The data should be kept and presented at the right level of detail to meet the

Timeliness: The data should be as current as needed and should be retained no longer than

5.3.1 Dat{

5.3.2 The
and damaggd
pipeline att
inspection 3
elevation, in
temperaturg

5.3.3 For
defects or fd

5.3.4 Whg

from different sources shall be aligned based on the data with higher accuracy.

data alignment content shall be determined in accordance with the pipeline attril

mechanism. For example, for external corrosion, the ILI data can be @ligned witl
ibutes, coating, cathodic protection, stray current interference, soil eorrosiveness, d
nd other relevant data. For internal corrosion, it can be compared with the data of pip|
cluding ILI data, data of pipeline evaluation by other methods, médium composition,
e, pigging products, etc.

atures of interest. Inspection accuracy and defect growth'should be subsequently anal

n data of ILI and other different inspection methods are available, other data shou

aligned with the ILI data. If ILI has not been carried out, it\should be carried out first. If the pip

is unpiggab
adopted. Th

5.4 Data

e, other inspection method such as direct inspection at selected critical area shou
e data should be then aligned to the ground'mapping data.

analysis

5.4.1 A cogmprehensive analysis of the,aligned data should be carried out to determine the cay

defect(s) an

5.4.2 Ade
the relation
determined

5.4.3 The
possible. If 1

[l arresting mitigating measures.

fect statistical assessment should be performed to determine the severity, distribution

cause and vate of defect growth should be analysed using multiple sources of data
ecessaryyexcavation can be used to verify the causes of actively growing defect(s).

butes
1 the
irect
eline
flow,

hlignment of two or more ILI data sets, girth welds should'be aligned prior to assessinig the

ysed.

d be

eline

d be

se of

, and

chip between different types of defects. The cause and initiation of the defect(s) shoulld be

when

5.5 Haza

rd-identification

5.5.1 Hazards shall be analysed using integrated data from various sources.

5.5.2 Hazards should be delineated into time-related, time-independent and inherent factors

categories a

a)

s follows:

cracking, fatigue damage, etc.

b)

by soil movement or floods, etc.

Time-related hazards, including external corrosion, internal corrosion, SCC/hydrogen-induced

Time-independent factors, including mechanical damage (dents, gouges), pipe deformation caused

Inherent factors, including seam welds, mill defects, girth weld defects, buckles or wrinkles, etc.

© IS0 2023 - All rights reserved
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Hazards shall be identified based on failure analysis and previous integrity assessment. It is also
advisable to identify hazards from failure accidents and integrity assessment of pipelines with similar
background.

5.6

Data sufficiency

5.6.1 The sufficiency of data should be evaluated based on data quality, defect(s) cause analysis,
assessment methods, maintenance requirements, etc.

5.6.2 The impact on the assessment results due to data sufficiency should be determined. Data

suffitiency is defined as:

a)

b)

‘)
d)

e)
1

5.6.3

5.6.4
haza

6 ¢

6.1

Data
verif
seled

6.2

6.2.1

dentification of the degradation mechanism(s) are confirmed by appropriatedins
upporting data;

nspection, testing or monitoring data that meets the reliability requirements of the
esults;

echanical properties data of pipe body or weld that are required.for the FFP assessm
oading data that are required for the FFP assessment;

or time-related defects, the applicable defect growth(rate can be obtained throy

inspections, monitoring data, defect growth modelling or simulation test. Otherwise,

ate should be selected conservatively.
Additional data collected as per Clause 6 shall*be re-analysed in accordance with 5.

The additional data shall be integrated*with the original data in accordance with
rd identification and cause analysis shall'be updated.

Condition inspection and monitoring

Data collection method

collection method-includes ILI, direct inspection, pressure test, SCT monitoring

bection and

assessment

ent;

gh multiple
the growth

™

5.3, and the

excavation

ication, failure analysis, material sampling test and informative data collection, etc. and should be

ted based on the type and accuracy of data required for the assessment.
In-Ling inspection

Selection of proper ILI technology should be based on the threat and expected

Hefects, risk

assed

sment and inspection history of the pipp]inp For pipplinpc with mnlfiplp inspel

tions, it is

recommended to use the same type or selecting complementary ILI techniques as per Figure 2. For
more information on the ILI methods available, see ISO 19345-1:2019, Table 2.
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START

Th
Threats to assess [€———0i Gas > reats to
assess
' |
Y
| Crack I Metal loss Crack
v y

elective sea 1; Longitudinal or
corrosion? circumferentia
Yes
Circumferential
No Longitudinal No
v { v
Run geometry Run geometry Run geometry Run geometry Run geometry Run geometry Run geomefry
tool, MFL / UT tool, TFI / USCD tool, USCD tool, USCCD tool, MFL tool, TFI tool, EMAT
Y
Threats
to assess
are bending
strain
Y
*es No

Run IMU.and bending
strain/assessment

Data and report

Figure 2 <<A general ILI tool selecting procedure diagram

a) For metal loss thredtS;MFL and UT provide good detection of volumetric defects while TFI should

be depl

yed in addition to MFL when it is suspected that axially aligned metal-loss defects present.

b) For crag¢k thrieats (including crack and crack-like features in the pipe body, seam welds and, girth
welds), USCD can be used to detect longitudinal features, USCCD is able to detect circumferentially

Crotis-Irist—TItoacturtcs

all ned craclee vy cvacsly len fontirne EMAT 3¢ A cnneial caliibinn £y npanly tncmnectingy 1 gac
gned leraeks—ot —EMAT-is-a-speeial-selutionfor-erackinspectioningas

TFI is able to detect some axially aligned cracks, but excluding SCC.

ines.

c¢) Deformation or geometry tools are often used for detecting damage in the pipeline involving

deformation of the pipe cross section.

d) IMU can be adopted to identify segments subject to bending strain and location of defects in

conjunction with other ILI data sets, such as metal loss or crack inspection.

6.2.2 When inspection data has been obtained, performance specifications such as inspection
threshold, POD, POI and sizing accuracy should be verified statistically considering the ILI tool

tolerance, errors in dig verification measurement method and confidence level.

10 © IS0 2023 - All rights reserved
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6.2.3 The ILI performance should be verified based on historical data, pull tests or dig verification.
The subsequent FFP assessment shall be executed only after the inspection data are verified to be
acceptable.

6.2.4 The most recent ILI data should be used when executing an assessment based on ILI. Corrosion
growth rate assessments can be performed based on two (or more) ILI datasets. Dig verification should
be performed to determine if the growth rate of time-dependent defects is consistent with previous
prediction.

6.3 Directinspection

6.3.1 Directinspection should include methods for external corrosion, internal corrgdsiot], SCC, stress
concentration inspection, and could include methods as described in 6.5 and 6.6, as)pér Figure 3. The
flow|chart outlined in Figure 3 can be used for degradation mechanisms that aré;predictable and not
explicitly outlined herein.

6.3.2 Direct inspection should be confirmed to be feasible before condticting a survey. The following
condjfitions are not suitable for direct inspection:

a) [KExternal corrosion direct inspection should not be conducted ow’pipelines under electfic shielding
¢aused by coating disbonding or with underground metal strictures nearby,

b) Internal corrosion direct inspection should not be conducted on pipelines with internal coating or
lining.
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Figure 3 — Direct inspection flow chart
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6.3.3 External corrosion direct inspection should be carried out through the inspection of coating/
insulation, cathodic protection of pipelines, AC/DC interference and current drainage and pipeline

defects.

a)

i

b)

ntegrity, analysis of the soil corrosiveness, etc. should be included.

of corrosion should be conducted.

)

For pipelines with external coating, inspection for the effectiveness of cathodic protection, coating

For pipelines without external coating or with poor quality coating, an inspection for the presence

The coating/insulation inspection should be carried out through aboveground inspection methods

ome direct

q
[

d) 1

.

such as Pearson survey, A{‘V{“, n{‘V(“, A(‘AQI rnafing rncicfivify measurement, and

bxamination methods for coating thickness, adhesion and degradation measufey
pxcavation site.

[he effectiveness of cathodic protection should be inspected by aboveground’inspect
uch as CIPS along the pipeline, coupon instant-off potential survey, and on=eff potentis

[he AC/DC interference data of pipelines should be obtained by monitoring/dg

interference current, interference voltage, corrosion rate and other related param

6.3.4
corr

a)

.

f
b)

c 1

6.3.5
sites
meth
simi]

6.3.6
non-

6.3.7
ScC
inspq

ipeline or at the area with severe interference.

Internal corrosion direct inspection should be conddcted by establishing the
sion models to predict the corrosion risk and examinatien at the site excavation.

'he models should be established by primarily considering the transferred fluid, top
low rates.

The flow and corrosion models should considerthe historical operation of the pipeline

During internal corrosion direct inspection, the prediction of the distribution of intern|
isk location and the high-risk internal corrosion sites should be determined.

should be carried out for SCC direct inspection. Historical data and above groung
ods can be used. The location where SCC has occurred or with the same SCC chara
ar pipelines should be of priority.

Stress concentration inspection can be used to identify pipeline damage by above
ntrusive methed,-which include LSM, SCT and the TEM.

Excavation sites should be proposed for the external corrosion, internal cox
nspection’ verification. The type and size of the defect(s) can be obtained through
pctionymethods (e.g. ultrasonic guided wave, ultrasonic thickness measurement or X-rg

nent at the
on methods

1l survey.

tecting the
pters of the

flow or/and

graphy and

al corrosion

Identification and inspection\of susceptible sections of external SCC on pipelines af excavation

| inspection
cteristics as

ground and

rosion, and
appropriate
y, etc.)

6.4

Pressure test

6.4.1 A pressure test is the process of proving the structural integrity of the pipeline for a given test
pressure.

6.4.2 The test pressure and duration should be determined by the potential threats on the pipeline,
the highest pressure in historical operation, the altitude difference of the pipeline, and the surrounding
environment of the pipeline.

6.4.3 A pressure test should be conducted with water, however, dry air or nitrogen can also be used
as the test medium, if the pipeline has been evaluated and safety measures have been implemented.
Air pressure tests should not be used in high-density of population areas and oil pressure test should
not be used for pipelines crossing important water bodies and environmentally sensitive areas. When
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liquid is used as the pressure test medium, the air content in the pipeline should be tightly controlled,
and the pressure-volume curve should be used for judgment and control.

6.4.4 When carrying out a pressure test with transmission medium, the test pressure should not
exceed the highest operating pressure in the past three years. For pipelines that have leaked and been
repaired, a step-by-step method should be used where the maximum test pressure for the first step of
testing should not exceed 0,8 times the operating pressure at the time of pipeline leak.

6.4.5 The pipeline integrity should be pre-estimated according to the surrounding environment,
transmission medium, operatmg pressure, prev1ous operation status and failure and repalr records

of the pipelj
results, and|
pressure te

6.4.6 For
and a certa
set. Once th
After the re
test pressuif
adopts the

6.4.7 For
conservativ
defect(s) rej
should also
with higher
the pressurs

6.4.8 The
data such a
and ambien
volume, the
carried out.

6.49 For

the cause of
location of t
or tracer intf

6.4.10 The
pressure te
cause analy

in target test pressure (maximum allowable operating pressure x safety|factor) shou

then the target method or step-by-step method pressure test scheme and other PY
t methods can be selected to formulate a detailed pressure test scheme.

ipelines with low leak risk, the target method pressure test scheme should be sele

e pipeline leaks or ruptures during the pressure test, the failure causes should be anal
bair, the test pressure should be reduced to the failure pressure orccontinue with the t
e, and the pressure test should be taken again until successful.<Th€ target method us
yater medium for pressure test.

pipelines with high risk, a step-by-step method pressuré test should be adopted. Fi
e pressure should be determined for the first step pressure test according to the pip
air, risk mitigation, FFP, and the historical operating'pressure, and the target test pres

cted,
Id be
yzed.
hrget
ually

Fst, a
eline
sure

be set. Once the test pressure is successful, the ne€xt step test pressure should be continued

pressure until the target pressure is reachedyIf a failure occurs during pressure teg
e test should be terminated and failure analysis and repairs should take place.

speed of pressure rise and the duration of pressure stabilization should be contr
5 the position and elevation of the (pressure test terminal, type of medium, test prej
I temperature change with timé, stabilization time, position of the leakage point, led
leakage time, leakage pressure.shall be collected, and the leakage cause analysis shz

pipelines that leak duting the pressure test, an excavation shall be conducted to an
the leakage and té-clarify the hazard factors of the pipeline. Accuracy in determinin
he leakage can beimproved by segmenting the pressure test pipeline, injecting dye, od
0 the pressure'tést medium and utilizing acoustic monitoring equipment.

main steps of pressure test include identifying potential threats, integrity pre-estimg
5t methodology, pipeline filling and pigging, pressure rise, pressure stabilization, led
sis, repalr depressurlzatlon displacement and disposal of water, pipeline drying

ting,

lled,
sure
kage
111 be

hlyze
o the
rant

tion,
kage
and

repeated pre
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Figure 4 — Flow chart of pressure test

6.5 Material property testing

If the material properties are unknown or the assessment requires actual measured data, sampling or
non-destructive/micro-destructive methods can also be used for testing.
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6.6 Other new methods

With the development of technology, any method that can detect or monitor the performance
parameters related to pipeline safety and integrity should be used as a data source for new integrity

assessment.

7 Fitness for purpose

7.1 General

7.1.1 The
within the s
severity, siz
determine i
the defect i

7.1.2 The
remaining

FFP assessment shall determine whether the pipeline has sufficient structural strd
pecified safety limits to withstand various loads encountered during operation. (Fhe t
bs and causes of reported pipeline defects should be investigated. The FFP assessment
[ the defect is acceptable under the MAOP and other loads applicable to the defect ar
not acceptable, the MAOP shall be re-determined or the defect repaired,

FFP assessment should include: damage mechanism, selection-of assessment me
strength assessment, remaining life prediction and re-inspectien intervals, rem|

measures aijpd recommendations. The process of FFP assessment is illustrated in Figure 5. Assess

methods sh{

7.1.3 Safe
on analysis

714 Gen
report.

7.1.5 The
assessment
methods sh

11l be selected in accordance with the collected pipeline condition detection informatig

operation and maintenance recommendations shall begiven in the FFP assessment b
bf high critical areas, medium temperature, pressure:change and soil stress.

brally, time effectiveness and reliability of the results should be given in the FFP assess

users shall select the assessment method based on defect information, load cond
objective, quality and type of the assessment data. Conservative data and assess
buld be used to assess the acceptability of defects, and more precise (less conservg

methods sh¢uld only be used when required.

7.1.6 Re-3

ssessment shall be carried out when the operating conditions of the pipeline changes.

ngth
ypes,
shall
ea. If

thod,
edial
ment
n.

ased

ment

tion,
ment
tive)
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Data collection and analytics
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I
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I
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recommendation
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Figure 5 — FFP assessment process

Establishing acceptable FFP assessment

7.2.1 Failure and damage mechanism

a)

b)

Failure or defect(s) cause analysis shall be carried out to determine the pipeline damage mechanism
and assessment method.

The following types of failure and damage mechanisms should be considered based on the available
data. Each damage mechanism occurs under specific combinations of materials, surrounding
environments, and operating conditions. The possible interaction between the various damage
mechanisms should be considered.

1) brittle and/or ductile fracture;

2) plastic collapse;
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fatigue damage;
leakage failure;

corrosion (internal and external) and/or erosion damage;

ironmentally assisted cracking;

failure by instability (buckling);

mechanical damage (e.g. dent, etc.).

7.2.2 Ass

If only one t
on ILI shall

on pressurg
According t
stress corr
assessment

If multiple

assessment
assessment,
operation pjJ

7.2.3 Acc

The potenti
growth by t
conservatis

Acceptance

environmerft and damage mechanism, etc., Based on the risk.

7.3 FFPa

7.3.1 Def

Causation al
causes of an
pipe, coatin
relevant att
required sh

bssment method selection

ype of data of ILI, pressure test or direct inspection is collected, integrity assessment H
be selected in accordance with the ILI data as described in 7.3. Integrity assessment H
test shall be carried out as described in 7.4 in accordance with the pressure test
b the direct inspection data, direct assessment of external corrosion,internal corrd
sion or stress concentration shall be carried out as described 4n 7.5. New inte
methods can be used given new inspection methods.

ypes of data are collected, such as ILI data and direct inspection data, comprehe
shall be selected. If ILI data available, it shall be mainly.‘eonsidered for comprehe
The comprehensive assessment with pressure test canbe’directly used as the bas
ressure adjustment.

pptance criteria of FFP assessment

he degradation mechanism and/or loading-conditions should be determined. The ley
m of an assessment depends on available-data.

Criteria shall be determined in accordance with the pipeline design, defect type, surrout

ssessment based on in-line inspection

ect data statistics and/causation analysis

nalysis should beConducted on defect data from various inspections to identify the pog
y detects including the defect type, location on the pipe, distribution along the length ¢
b type and\external influences, such as topography, soil type, elevation profile and
ributes identified from the inspection or similar assessment results. Such analysis W
buld include but not be limited to:

ased
ased
data.
sion,
ority

nsive
hsive
s for

hl damage mechanisms causing each type of defects should be assessed and possible defect

rel of

1ding

sible
fthe
bther
there

statistig

a)

alanalysis on overall defects;

b)

statistical analysis on specific defects;

c) distribution statistics and causation analysis;

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

7.3.2 Assessment method selection

a) Appropriate defect assessment methods shall be selected in accordance with the type and
characteristic of the pipeline defect(s), the type of load at the defect location and the properties
of the pipeline. Assessment methods for types of defects can be determined according to
IS0 19345-1:2019, Table 3 or according to standards of operating companies approved in accordance
with the established procedure.

18
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b) The following factors shall be considered when selecting the defect assessment methods, including
but not limited to:

1) Defect type and pipe properties;

2) The type of load undertaken by the pipeline at the defect location;
3) The applicable scope and limitations of the assessment method;

4) Excavation verification information and historical failure analysis.

c) Other considerations

1) Appropriate inspection tolerances should be added to the measured dimensiong of a defect
when assessing the static or fatigue strength of a defect.

2) The validity of the inspection and integrity assessment shall be considered. The defect repair
time limit shall be counted from the time when the on-site inspection-is’completed|

3) The accuracy of the growth rate prediction for time-dependent-defects should he corrected
according to the excavation verification results, and the assessment report should pe revised.

7.3.3 Assessment conclusions

The gssessment conclusions shall include but not be limited, to:
a) list of defects to be repaired immediately;

b) gchedule of defects planned to be repaired;

c) 1maximum allowable operating pressure;

d) fe-assessment interval and method.
7.4 | Applicability analysis of pressure test

7.4.1] The pipeline integrity shall be evaluated in accordance with information including the maximum
test pressure, pressure stabilization time, whether there is failure under the pressure test condition,
failure pressure value, etC.) combined with the existing pipeline parameters and historicpl operating
pressure. For pipelines‘that leak during pressure test, failure analysis shall be carried out to identify
the hazard factors and characteristics of these factors, identify the types of defects, determfine whether
the defects are related to time, and estimate the development speed of defects. For pipelines without
leakgge duringipressure test, the maximum allowable operating pressure and the maximum time
interjval for thenext pressure test or other integrity assessment shall be confirmed in accordance with
the data cellected from the pressure test, estimated defect characteristics and pipeline surrounding
envifonment.

7.4.2 The MAOP of a pipeline should be determined according to the maximum test pressure, failure
pressure value, design coefficient and safety margin requirements. The MAOP of oil pipelines is usually
0,8 times of the maximum test pressure or failure pressure, and de-rating at highly sensitive areas
should also be considered. The MAOP of gas pipelines should be calculated according to the location
class and the distribution of highly sensitive objects near the pipeline;

7.4.3 The interval for the next pressure test or other integrity assessment shall be confirmed and
determined in accordance with the combined factors of the existing pipeline wall thickness, test
pressure, pipeline operating parameters, estimated defect growth characteristics, geological and
environmental changes and pipeline maintenance level.
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conclusion of a pressure test report shall include but not be limited to:

b) nextassessment time and suggested method;

c)

recommendations for maintenance and operation to ensure integrity.

7.5 FFP assessment of direct inspection

7.5.1 The results of external corrosion aboveground inspection shall be classified in accordance
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nterference should be treated as a relatively independent assessment factor, and it s}
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internal corrosion risk along the pipeline should be classified based on the model re
htion results at the excavation site.

bd by analysing where the free water layer may form deposit.
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10 %, the remaining strength of the pipeline should be assessed.

direct inspection réport shall clarify the validation and limitations of the inspe
rlude remaining service life calculations, re-assessment intervals, and recommendati
maintenance andrepair methods if required.

" methods(of FFP assessment

e déyelopment of new technologies, pipeline integrity can be assessed by other
ich.methods should have sufficient data and test validation to evaluate and predic

severely corroded sites and.the corrosion rate should be calculated. If the wall thick
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7.7 Comprehensive assessment

7.7.1

If data of two or more integrity assessment methods are available, they shall be aligned and

analysed with the aim of understanding the causes of defects and loads. In addition, consideration
should be given to pipeline operation conditions, changes in surrounding environment and stress and/
or strain monitoring, etc.

7.7.2 The comprehensive assessment shall be carried out by the FFP method preferentially based
on ILI, if available, combined with the data from other inspections, monitoring and surrounding
environment assessments.
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