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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 1SO
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
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Introduction

Significant differences exist between member countries in the areas of public safety and protection of the
environment, which cannot be reconciled into a single preferred approach to pipeline transportation systems
for the petroleum and natural gas industries. Reconciliation was further complicated by the existence in some
member countries of legislation that establishes requirements for public safety and protection of the
environment. Recognizing these differences, ISQ/TC 67/SC 2 concluded that this International Standard,
ISO 13623, should allow individual countries to apply their national requirements for public(sgfety and the
protertion of the environment.

This [International Standard is not a design manual; rather, it is intended for use in-conjunctiop with sound
engirjeering practice and judgment. This International Standard allows the use of ifinovative te¢hniques and
procgdures, such as reliability-based limit state design methods, providing the minimum requirements of this
Interpational Standard are satisfied.

© IS0 2009 — Al rights reserved Vi
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INTERNATIONAL STANDARD ISO 13623:2009(E)

Petroleum and natural gas industries — Pipeline transportation
systems

1 cope

This [International Standard specifies requirements and gives recommendations for the| design, materials,
consfruction, testing, operation, maintenance and abandonment of pipeline systems used for trapsportation in
the petroleum and natural gas industries.

It applies to pipeline systems on land and offshore, connecting wells, production plants, prgcess plants,
refingries and storage facilities, including any section of a pipeline constructed“within the boundpries of such
facilifjes for the purpose of its connection. The extent of pipeline systems covered by this |International
Standlard is illustrated in Figure 1.

This |nternational Standard applies to rigid, metallic pipelines. It is’not applicable for flexible pipeljnes or those
cons{ructed from other materials, such as glass-reinforced plasties.

This [nternational Standard is applicable to all new pipeline(systems and can be applied to modifications made
to ex|sting ones. It is not intended that it apply retroactively to existing pipeline systems.

It degcribes the functional requirements of pipeline systems and provides a basis for their [safe design,
consfruction, testing, operation, maintenance and abandonment.

© 1SO 2009 — Al rights reserved 1
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Pipeline elements covered by this International Standard

Connections with other facilities. The pipeline system should include an isolation valve at connections with

other facilities and at branches.

Pipeline elements not covered by this International Standard.

Station/plant area, offshore installation not covered by this International Standard.

Station/plant area covered by this International Standard.

NOTE  The pipeline system should include an isolation valve at connections with other facilities and at branches.

Figure 1 — Extent of pipeline systems covered by this International Standard
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) corrigendum, and maintenance agency output applies.

ISO 148-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method

ISO 3183:2007, Petroleum and natural gas industries — Steel pipe for pipeline transportation systems

ISO 3977 (all parts), Gas turbines — Procurement

ISO
ISO 1
ISO
ISO 1

1SO 1
pumg

ISO
ISO

ISO 1
valve

ISO 1
and d

ISO 1
and ¢

ISO 1
and d

ISO 1
syst¢

ISO 1
syst¢

10439, Petroleum, chemical and gas service industries — Centrifugal compressors

0474:1991, Steel and steel products — Inspection documents

13707, Petroleum and natural gas industries — Reciprocating compressors

3709, Centrifugal pumps for petroleum, petrochemical and natural gasdndustries

3710, Petroleum, petrochemical and natural gas industries — ‘Reciprocating positive
S

13847, Petroleum and natural gas industries — Pipeline transportation systems — Welding g

14313, Petroleum and natural gas industries — Pipelin€ transportation systems — Pipeline V|

4723, Petroleum and natural gas industries== Pipeline transportation systems — Sub
S

5156-1, Petroleum and natural gas industries — Materials for use in H,S-containing enviro
as production — Part 1: General principles for selection of cracking-resistant materials

5156-2, Petroleum and naturalgas industries — Materials for use in H,S-containing enviro
as production — Part 2: Cracking-resistant carbon and low alloy steels, and the use of cast

5156-3, Petroleum andyiatural gas industries — Materials for use in H,S-containing enviro
as production — Part’3: Cracking-resistant CRAs (corrosion-resistant alloys) and other alloy

5589-1, Pefroleum and natural gas industries — Cathodic protection of pipeline f
Ims — Part 1On-land pipelines

5589:2,. Petroleum and natural gas industries — Cathodic protection of pipeline f
Ims ~—'Part 2: Offshore pipelines

Hisplacement

f pipelines
alves

sea pipeline

nments in oil

nments in oil
rons

nments in oil
S

ransportation

ransportation

ISO 15590-1, Petroleum and natural gas industries — Induction bends, fittings and flanges for pipeline
transportation systems — Part 1: Induction bends

ISO 15590-2, Petroleum and natural gas industries — Induction bends, fittings and flanges for pipeline
transportation systems — Part 2: Fittings

ISO 15590-3, Petroleum and natural gas industries — Induction bends, fittings and flanges for pipeline
transportation systems — Part 3: Flanges

ISO 15649, Petroleum and natural gas industries — Piping

©1S0
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ISO 16708, Petroleum and natural gas industries — Pipeline transportation systems — Reliability-based limit
state methods

ISO 21809-1, Petroleum and natural gas industries — External coatings for buried or submerged pipelines
used in pipeline transportation systems — Part 1: Polyolefin coatings (3-layer PE and 3-layer PP)

ISO 21809-2, Petroleum and natural gas industries — External coatings for buried or submerged pipelines
used in pipeline transportation systems — Part 2: Fusion-bonded epoxy coatings

ISO 21809-3, Petroleum and natural gas industries — External coatings for buried or submerged pipelines
used in pipeline transportation systems — Part 3: Field joint coatings

ISO 21809-4
used in pipe

ISO 21809-5
used in pipe

IEC 60034-1

IEC 60079-1
areas

IEC 60079-1
hazardous a

API) 620, |
API 650, We
ASME B16.5

ASME Boiler
(BPVC)

MSS2) SP-24
MSS SP-44,
NFPA3) 30, A

NFPA 220, §

Petroleum and natural gas industries — External coatings for buried or submerged pipt
ne transportation systems — Part 4: Polyethylene coatings (2-layer PE)

Petroleum and natural gas industries — External coatings for buried or submerged pip4
ne transportation systems — Part 5: External concrete coatings

Rotating electrical machines — Part 1: Rating and performance

D, Electrical apparatus for explosive gas atmospheres — Part,10:) Classification of haza
1, Electrical apparatus for explosive gas atmospheres<~ Part 14: Electrical installatio
[eas (other than mines)

Design and Construction of Large, Welded, Low-Pressure Storage Tanks

ded Steel Tanks for Oil Storage

, Pipe Flanges and Flanged Fittings —I\NPS 1/2 Through NPS 24

and Pressure Vessel Code, Section VIII, Division |, Rules for Construction of Pressure Vg

, Standard Marking Systém for Valves, Fittings, Flanges and Unions
Steel Pipeline Flanges
Flammable and, Combustible Liquids Code

tandard.en)Types of Building Construction

blines

blines

fdous

NS in

ssels

American

1)

2)
USA.

3)

Petroleum Institute, 1220 L Street, Northwest Washington, DC 20005-4070, USA.

National Fire Protection Association, 1 Batterymarch Park, PO Box 9101, Quincy, MA 02269-9101, USA.

Manufacturer's Standardization Society of the Valve and Fittings Industry, 127 Park Street, N.E., Vienna, VA 22180,
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3 Terms, definitions and symbols

3.1 Terms and definitions
For the purposes of this International Standard, the following terms and definitions apply.

3.1.1
commissioning
activities associated with the initial filling of a pipeline system with the fluid being transported

3.1.2
design life
periof for which the design basis is planned to remain valid

3.1.3
desiiqn pressure
maximum internal pressure of the pressure-containing components of the pipeline system |designed in
compliance with this International Standard

314
design strength
strenpth level to be used in design, based on material’s specified minimum properties

3.1.5
fabricated assembly
grouping of pipe and components assembled as a unit and¢nstalled as a subunit of a pipeline system

3.1.6
fluid
medipim being transported through the pipeline system

317
hot tapping
tappipg, by mechanical cutting, of an in-Service pipeline or piping

3.1.8
in-sefrvice pipeline
pipeline that has been commissioned for the transportation of fluid

3.1.9
lay cprridor
corridor in which'an*offshore pipeline is being installed, usually determined prior to construction

3.1.1p
location'class
geoglaphic area classified according to criteria based on population density and human activity

3.1.11
maintenance
all activities designed to retain the pipeline system in a state in which it can perform its required functions

NOTE These activities include inspections, surveys, testing, servicing, replacement, remedial works and repairs.
3.1.12

maximum allowable operating pressure

MAOP

maximum internal pressure at which a pipeline system, or parts thereof, is allowed to be operated in
compliance with this International Standard

© 1SO 2009 — Al rights reserved 5
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3.1.13
offshore pipeline
pipeline laid in maritime waters and estuaries seaward of the ordinary high water mark

3.1.14

pipeline

those components of a pipeline system connected together to convey fluids between stations and/or plants,
including pipe, pig traps, components, appurtenances, isolating valves, and sectionalising valves

See Figure 1.
3.1.15

pipeline on |and
pipeline laid pn or in land, including lines laid under inland water courses

3.1.16
pipeline system
pipelines, stations, supervisory control and data acquisition system (SCADA), safety. systems, corrpsion
protection syptems, and any other equipment, facility or building used in the transportation of fluids

3.1.17
piping
pipe, fittings fnd components inside stations and terminals, but not part of the pipeline

3.1.18
primary piping
piping conveying or storing the fluid transported by the pipeline

3.1.19
right-of-way
corridor of Ignd within which the pipeline operator hasthe right to conduct activities in accordance with the
agreement wfith the land owner

3.1.20
riser

that part of gn offshore pipeline, including.subsea spool pieces, that extends from the sea bed to the pipeline
termination point on an offshore installation

3.1.21
secondary giping
piping carrying fluids other tharnthose of the primary piping and pipeline, such as fuel gas, water, or lube pil

3.1.22
specified minimum-tensile strength

SMTS

minimum tensile.strength required by the specification or standard under which the material is purchased

3.1.23

specified minimum yield strength

SMYS

minimum yield strength required by the specification or standard under which the material is purchased

3.1.24

station

facility for the purpose of increasing pressure, decreasing pressure, storage, metering, heating, cooling or
isolating the transported fluid

6 © 1SO 2009 — Al rights reserved


https://standardsiso.com/api/?name=40b34171032d6a69c648729f99518112

I1ISO 13623:2009(E)

3.2 Symbols

4, internal cross-sectional area of the pipe

Ag cross-sectional area of pipewall

D specified diameter (outside or inside)

D,ax maximum measured diameter (outside or inside)

Dynin  minimum measured diameter (outside or inside)

Dy | nominal outside diameter

E modulus of elasticity

I hoop-stress design factor, obtained from Table 2 for pipelines on land and -Table 3
pipelines;

F pipe wall axial force

pid | design pressure

Pod | minimum external hydrostatic pressure

o ovality or out-of-roundness

tmin | specified minimum wall thickness

T, installation temperature

T, maximum or minimum metal temperature during operation

v Poisson ratio

a linear coefficient of thermal expansion

Oeq | €quivalent stress

o, | circumferential stress

onp | circumferential hogp stress due to fluid pressure

o longitudinal stfess

oy specified-minimum yield strength (SMYS) at the maximum design temperature

op | design'strength

T shear stress

4 General

4.1 Health, safety and the environment

for offshore

The objective of this International Standard is that the design, material selection and specification,
construction, testing, operation, maintenance and abandonment of pipeline systems for the petroleum and
natural gas industries be safe and conducted with due regard to public safety and the protection of the
environment.

© 1SO 2009 — All rights reserved
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4.2 Competence assurance

All work associated with the design, construction, testing, operation, maintenance and abandonment of the
pipeline system shall be carried out by suitably qualified and competent persons.

4.3 Compliance
A quality system should be applied to assist compliance with the requirements of this International Standard.

NOTE ISO/TS 29001 gives sector-specific guidance on quality management systems.

4.4 Recolds
Records of the pipeline system shall be kept and maintained throughout its lifetime to demonstrate lcompljance

with the reqpirements of this International Standard. Annex F can be used for guidance or records which
should be refained.

5 Pipeline system design

5.1 System definition

The extent of the pipeline system, its functional requirements and applicable legislation should be defined and
documented

The extent of the system should be defined by describing the system, including the facilities with their ggneral
locations and the demarcations and interfaces with other facilities.

The functional requirements should define the required design life and design conditions. Foreseeable ngrmal,

extreme and|shut-in operating conditions with their possible ranges in flowrates, pressures, temperatures|, fluid
compositiond and fluid qualities should be identified-and considered when defining the design conditions.

5.2 Categorization of fluids

The fluids bging transported shall be plaeed in one of the following five categories given in Table 1 accqrding
to the hazard potential with respect.to public safety.

Tiable 1 — Classification of fluids with respect to potential hazard to public safety

Category A Non-flammable, water-based fluids.

Category B Flammable and/or toxic fluids that are liquids at ambient temperature and at atmospheric pregsure
conditions. Typical examples are oil and petroleum products. Methanol is an example of a flammable
and toxic fluid.

CategoryC Non=ftammabte—fiuids—that—are—rnon-toxic gases—at ambient tUIIIpUIdtUIU and dtlllubphcl;b pressure
conditions. Typical examples are nitrogen, carbon dioxide, argon and air.

Category D Non-toxic, single-phase natural gas.

Category E Flammable and/or toxic fluids that are gases at ambient temperature and atmospheric pressure
conditions and are conveyed as gases and/or liquids. Typical examples are hydrogen, natural gas (not
otherwise covered in category D), ethane, ethylene, liquefied petroleum gas (such as propane and
butane), natural gas liquids, ammonia and chlorine.

Gases or liquids not specifically included by name should be classified in the category containing fluids most
closely similar in hazard potential to those quoted. If the category is not clear, the more hazardous category
shall be assumed.

8 © 1SO 2009 — Al rights reserved
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5.3 Hydraulic analysis

The hydraulics of the pipeline system should be analysed to demonstrate that the system can safely transport
the fluids for the design conditions specified in 5.1, and to identify and determine the constraints and
requirements for its operation. This analysis should cover steady-state and transient operating conditions.

NOTE Examples of constraints and operational requirements are allowances for pressure surges, prevention of
blockage such as caused by the formation of hydrates and wax deposition, measures to prevent unacceptable pressure
losses from higher viscosities at lower operating temperatures, measures for the control of liquid slug volumes in multi-
phase fluid transport, flow regime for internal corrosion control, erosional velocities and avoidance of slack line operations.

5.4 rPressturecontrolandoverpresstureprotection—

Provisions such as pressure-control valves or automatic shutdown of pressurizing equipmentishall be installed,
or procedures implemented, if the operating pressure can exceed the maximum allowable loperafing pressure
anywhere in the pipeline system. Such provisions or procedures shall prevent the Operating pfessure from
excegding MAOP under normal steady-state conditions.

Overpressure protection, such as relief or source-isolation valves, shall be proyvided if necessafy to prevent
incidental pressures exceeding the limits specified in 6.3.2.2 anywhere in thepipeline system.

5.5 | Requirements for operation and maintenance
The [requirements for the operation and maintenance of the Ppipeline system shall be established and
documented for use in the design and the preparation of procedures for operations and maintenance. Aspects
for which requirements should be specified include

— nequirements for identification of pipelines, stationsi\and fluids transported;

— principles for system control, including consideration of manning levels and instrumentation;
— Ipcation and hierarchy of control centres;

— yoice and data communications;

— ¢orrosion management;

— ¢ondition monitoring;

— Ipak detection;

— pigging philesophy;

— dccess; sectionalizing and isolation for operation, maintenance and replacement;

— interfaces with upstream and downstiream facilities,
— emergency shut-in;

— depressurization with venting and/or drainage;

— shutdowns and restart;

— requirements identified from the hydraulic analysis.

© 1SO 2009 — Al rights reserved 9
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5.6 Public safety and protection of the environment

National requirements that take precedence over the requirements in this International Standard shall be
specified by the country in which the pipeline system is located. The requirements in this International
Standard for public safety and protection of the environment shall apply where no specific national

requirements exist.

On-land pipeline systems for category D and E fluids should meet the requirements for public safety of
Annex B where specific requirements for public safety have not been defined by the country in which the

pipeline is located.

6 Design of pipeline and primary piping

6.1 Design principles

The extent
required by this International Standard can be maintained during the design life.

Representative values for loads and load resistance shall be selected in accordance with good enging
practice. Methods of analysis may be based on analytical, numerical or empiricalmodels, or a combinat
these methodls.

Principles of [reliability-based limit state design methods may be applied, provided that all relevant ultimat
serviceabilit
considered and sufficient statistical data shall be available for adequate characterization of these uncerta

nd detail of the design shall be sufficient to demonstrate that the integrity~and serviceability

ering
on of

b and

limit states are considered. All sources of uncertainty~ih loads and load resistance shall be

nties.

Reliability-balsed limit-state design methods shall not be used to replace the requirements in Tables 2 and 3

for the maximum permissible hoop stress due to fluid pressuire.

NOTE 1 Ultimate limit states are normally associated with loss of structural integrity, e.g. rupture, fracture, fatig
eas exceeding serviceability limit states prévents the pipeline from operating as intended.

NOTE 2 ISPO 16708 gives guidance on reliability-based limit state design.
6.2 Routg selection
6.2.1 Congiderations

6.2.1.1 General

Route selectlon shalktake into account the design, construction, operation, maintenance and abandonm
the pipeline ih accerdance with this International Standard.

ue or

bnt of

To minimizg ‘the possibility of future corrective work and limitations, anticipated urban and ing

ustry

developments shall be considered.

Factors that shall be considered during route selection include

— safety of the public, and personnel working on or near the pipeline;
— protection of the environment;

— other property and facilities;

— third-party activities;
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— geotechnical, corrosivity and hydrographical conditions;
— requirements for construction, operation and maintenance;
— national and/or local requirements;

— future exploration.

Annex C provides guidance on the planning of a route selection. Annex D provides examples of factors that
should be addressed during the considerations required in 6.2.1.1 t0 6.2.1.7.

6.2.1]12 Public safety

Pipellnes conveying category B, C, D and E fluids should, where practicable, avoid built:up arpas or areas
with frequent human activity.

In the absence of public safety requirements in a country, a safety evaluation shall be performed in
accofdance with the general requirements of Annex A for

— pipelines conveying category D fluids in locations where multi-storey<buildings are prevalent,|where traffic
ip heavy or dense, and where there can be numerous other utilities underground;

— pipelines conveying category E fluids.

6.2.1{3 Environment

An agsessment of environmental impact shall consider @as-a minimum:
— femporary works during construction, repair and modification;

— the long-term presence of the pipeline;

— potential loss of fluids.

6.2.1|4  Other facilities

Facilities along the pipeline\route that can affect the pipeline should be identified and their impaci evaluated in
consuiltation with the operator of these facilities.

6.2.1}15 Third-party activities

Thirdrparty activities along the route shall be identified and should be evaluated in consultatign with these
partigs.

6.2.1.6——Gevutechmnical;, hydrographicatand meteorotogicat conditions

Adverse geotechnical and hydrographic conditions shall be identified and mitigating measures defined. In
some instances, such as under arctic conditions, it can be necessary also to review meteorological conditions.

6.2.1.7 Construction, testing, operation and maintenance
The route shall permit the required access and working width for the construction, testing, operation and

maintenance, including any replacement, of the pipeline. The availability of utilities necessary for construction,
operation and maintenance should also be reviewed.
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6.2.2 Surveys — Pipelines on land

Route and soil surveys shall be carried out to identify and locate with sufficient accuracy the relevant
geographical, geological, geotechnical, corrosivity, topographical and environmental features, and other
facilities such as other pipelines, cables and obstructions, that can impact the pipeline route selection.

6.2.3 Surveys — Offshore pipelines

Route and soil surveys shall be carried out on the proposed route to identify and locate

— geological features and natural hazards;

— pipelines
— obstruct
— geotech

Meteorologic

Such data m
a) bathyme
b) winds;
c) tides;

d) waves;

e) currents
f) atmospH
g) hydrolog
h) marine d

i) soil accr

6.3 Loads

6.3.1 Gengdral

, cables and wellheads;
ons such as wrecks, mines and debiris;
nical properties.

al and oceanographic data required for the design and construction planning shall be colle
Ay include

try;

eric conditions;
ic conditions (temperature, oxygen content, pH value, resistivity, biological activity, salinity);
rowth;

etion and erosion.

Loads that c

for in the dedign.

n_cause or contribute to pipeline failure or loss of serviceability shall be identified and acco

cted.

inted

For the strength design, loads shall be classified as

— functional; or

— environmental; or

— construction; or

— accidental.

12
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6.3.2 Functional loads

6.3.2.1 Classification
Loads arising from the intended use and residual loads from other sources shall be classified as functional.

NOTE The weight of the pipeline, including components and fluid, and loads due to pressure and temperature are
examples of functional loads arising from the intended use of the system. Pre-stressing, residual stresses from installation,
soil cover, external hydrostatic pressure, marine growth, subsidence and differential settlement, frost heave and thaw
settlement, and sustained loads from icing are examples of functional loads from other sources. Reaction forces at
supports from functional loads and loads due to sustained displacements, rotations of supports or impact by changes in
flow direction are also functional

6.3.2|2 Design pressure

The fesign pressure at any point in the pipeline system shall be equal to or greater than the maximum
allowpble operating pressure (MAOP). Pressures due to static head of the fluid\@hall be ingluded in the
steady-state pressures.

Incid¢ntal pressures during transient conditions in excess of MAOP are permitted, provided they pre of limited
frequency and duration, and the MAOP is not exceeded by more than 10 %.

NOTEH Pressure due to surges, failure of pressure control equipment{"and cumulative pressures during activation of
over-pressure protection devices are examples of incidental pressures.<Pressures caused by heating of blpcked-in static
fluid dre also incidental pressures, provided blocking-in is not a regularoperating activity.

6.3.2|13 Temperature
The range of fluid temperatures during normal operations and anticipated blowdown conditipns shall be

considered when determining temperature-induced loads. Both a maximum design temperature and a
minimum design temperature shall be establishéd.

6.3.3| Environmental loads

6.3.3}|1 Classification

Loadp arising from the environment shall be classified as environmental, except where it is ngcessary that
they be considered as functional (see 6.3.2) or when, due to a low probability of occurrence, @s accidental
(see p.3.5).

EXAMPLE Loads ffom waves, currents, tides, wind, snow, ice, earthquake, traffic, fishing and miningl are examples
of enyironmental [9ads. Loads from vibrations of equipment and displacements caused by structures on|the ground or
seabdd are alsg.examples of environmental loads.

6.3.3|2_"“Hydrodynamic loads

Hydrodynamic loads shall be calculated for the design return periods corresponding to the construction phase
and operational phase. The return period for the construction phase should be selected on the basis of the
planned construction duration and season and the consequences of the loads associated with these return
periods being exceeded. The design return period for the normal operation phase should be not less than
three times the design life or 100 years, whichever is shorter.

The joint probability of occurrences in magnitude and direction of extreme winds, waves and currents should
be considered when determining hydrodynamic loads.

The effect of increases in exposed area due to marine growth or icing shall be taken into account. Loads from
vortex shedding shall be considered for aerial crossings and submerged spanning pipeline sections.
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6.3.3.3 Earthquake loads

The following effects shall be considered when designing for earthquakes:

— direction

, magnitude and acceleration of fault displacements;

— flexibility to accommodate displacements for the design case;

— mechani

cal properties under operating conditions;

— design for mitigation of stresses during displacement caused by soil properties for buried crossings and

inertial €

— induced

ffects tor above-ground fault crossings;

effects (liquefaction, landslides).

6.3.3.4 So¢il and ice loads

The following
— sand-du
— sanden
The following
a) ice froze
b) bottom s
c) drifting i
d) impactf
e) forcesd
f)  higher h

g) effects 3

effects shall be considered when designing for sand loads:
ne movement;

croachment.

effects shall be considered when designing for ice loads:

n on pipelines or supporting structures;

couring of ice;

Ce;

brces due to thaw of the ice;

e to expansion of the ice;

ydrodynamic loads due toinereased exposed area;

dded on possible vibration due to vortex shedding.

6.3.3.5 Road and rail traffic

Maximum ftr.
authorities a

ffic axledloads and frequency shall be established in consultation with the appropriate
d with fecognition of existing and forecast residential, commercial and industrial developme

6.3.3.6  Fighing

raffic
nts.

Loads and frequency from fishing activities shall be established based on the applied fishing techniques.

6.3.3.7 Mining

Loads due to ground vibrations from the use of explosives shall be considered. Loads from subsidence arising
from mining activities shall be classified as functional.

6.3.4 Construction loads

Loads necessary for installation and commissioning shall be classified as construction loads. The effect of

dynamic beh

14

aviour of installation vessels and equipment shall be considered where appropriate.
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Installation includes transportation, handling, storage, construction and testing. Increases in external pressure

during pressure grouting or sub-atmospheric internal pressure by draining and vacuum drying also give rise to
construction loads. Dynamic effects from the movements of lay vessels are also construction loads that it can be
necessary to consider for offshore pipelines.

6.3.5 Accidental loads

Loads imposed on the pipeline under unplanned but plausible circumstances shall be considered as
accidental. Both the probability of occurrence and the likely consequence of an accidental load should be
considered when determining whether the pipeline should be designed for an accidental load.

EXANM

landslides, third-party equipment (such as excavators or ships' anchors), loss of power of construction)e
collisipns.

6.3.6) Combination of loads

When calculating equivalent stresses (see 6.4.1.2), or strains, the most unfavourable co
functlonal, environmental, construction and accidental loads that can be predicted to occur si
shall be considered.

If the| operating philosophy is such that operations are reduced or discontinued under extreme ¢
condftions, then the following load combinations shall be consideredfor operations:

design environmental loads plus appropriate reduced functional loads;

design functional loads and coincidental maximum environmental loads.

Unlegs they can be reasonably expected to occur_together, it is not necessary to consider a cq
accidental loads or accidental loads in combination\with extreme environmental loads.

6.4

Strength requirements

6.4.1] Calculation of stresses

6.4.11 Hoop stress due to fluid pressure

The

circumferential stress;,Gyp, due to fluid pressure only (hoop stress), shall be calculated

Equation (1):

wher

NOTE

(Do _tmin)

Php = (pid “Pod ) x 20

W

ditions during
quipment and

mbination of
multaneously

nvironmental

mbination of

as given in

(1)

pid  is the design pressure;
Pod is the minimum external hydrostatic pressure;
D, is the nominal outside diameter;

tmin IS the specified minimum wall thickness.

The specified minimum wall thickness is the nominal wall thickness less the allowance for manufacturing per

the applicable pipe specification and corrosion. For clad or lined pipelines (see 8.2.3), the strength contribution of the
cladding or lining is generally not included.

© 1SO 2009 — All rights reserved
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6.4.1.2 Other stresses

Circumferential, longitudinal, shear and equivalent stresses shall be calculated taking into account stresses
from all relevant functional, environmental and construction loads. Accidental loads shall be considered as
indicated in 6.3.5. The significance of all parts of the pipeline and all restraints, such as supports, guides and
friction, shall be considered. When flexibility calculations are performed, linear and angular movements of

equipment to

which the pipeline is attached shall also be considered.

Calculations shall take into account flexibility and stress concentration factors of components other than plain

straight pipe.

Ogq = (o
where

o, isth

o isth

T isth

Equivalent sf
neglected wh

6.4.2 Stren

Credit may be taken for the extra flexibility of such components.

shall be calculated using the von Mises equation as given in Equation (2):

2 0'|2 — opo) + 312)1/2

e circumferential stress;
e longitudinal stress;
e shear stress.

resses may be based on nominal values of diameterand wall thickness. Radial stresses m
en not significant.

gth criteria

6.4.2.1 General

Pipelines sha
— yielding;
— buckling
— fatigue;

— ovality.

Il be designed for the following mechanical failure modes and deformations:

6.4.2.2 Yielding

(2)

hy be

The maximu

Ohp <fh

where

Noop STress, Ohp» due 10 TiUIa pressure shall be aetermined In accoraance with equation (s5):

XGy

®)

Jn s the hoop-stress design factor, obtained from Table 2 for pipelines on land and Table 3 for offshore
pipelines;

16

is the specified minimum yield strength (SMYS) at the maximum design temperature.
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Pipelines using steel grades above L555 should be designed using a reliability-based limit-state design
approach in accordance with ISO 16708 or other recognized code or standard. If a limit-state design approach
is not used, the maximum hoop stress due to fluid pressure shall be determined in accordance with

Equa

tion (4):

%hp </h X %

(4)

where op is the design strength, which is the lesser of SMYS or the specified minimum tensile strength
(SMTS) divided by 1,15 for grades above L555.

For temperatures above 50 °C, oy or op shall be documented in accordance with 8.1.7.

op C
differ|
test g

haracterizes the material strength at the maximum temperature for the analysed scendrio

nd the design temperature during operation.

Table 2 — Hoop-stress design factors, f},, for pipelines on‘land 2

Location /n

General route P 0,77

Crossings and parallel encroachments: ©

— minor roads 0,77
— major roads, railways, canals, rivers, diked flaodydefences 0.67
and lakes ’
Pig traps and multi-pipe slug catchers 0,67
Primary piping in stations and terminals 0,67
Special constructions such as fabricated assemblies and 0,67

pipelines on bridges

@  The hoop stress factors_of\TFable B.2 shall apply for category D and E pipelines to be
designed to meet the requirements of Annex B.

These factors apply to‘\pipélines pressure-tested with water. Lower design factors may be
necessary when testedwwith air.

b The hoop stress) factor may be increased to 0,83 for pipelines conveying category C and D
fluids at locations subject to infrequent human activity and without permanent human habitation
(such as deserts“and tundra regions).

¢ Seg-6.9 for the description of crossings and encroachments.

Table 3 — Hoop stress design factors, 1, for offshore pipelines

. op may be

ent in different phases; typically representing the ambient temperature during installation §nd pressure

©1S0

Location /h

General route? 0,77
Shipping lanes, designated anchoring areas and harbour 0,77
entrances

Landfalls 0,67

Pig traps and multi-pipe slug catchers 0,67
Risers and primary piping 0,67

@  The hoop stress factor may be increased to 0,83 for pipelines conveying category C and D fluids.

2009 — All rights reserved
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The maximum equivalent stress, Oeqpy shall be determined in accordance with Equation (5):

Teq < Jeq % Oy (5)
wherefeq is the equivalent stress design factor, obtained from Table 4.
If a pipeline is designed using steel grade above L555, oy shall be replaced by op, in Equation (5).
Table 4 — Equivalent stress design factors, feq
Load combination Jeq
Construction and environmental 1,00
Functional and environmental 0,90
Functional, environmental and accidental 1,00
The criterion|for equivalent stress may be replaced by a permissible strain criterion where
— the configuration of the pipeline is controlled by imposed deformations or displacements; or
— the pospible pipeline displacements are limited by geometrical ~constraints before exceeding the
permissible strain.
A permissible strain criterion may be applied for the construction of pipelines to determine the alloyable
bending and| straightening associated with reeling, J-tube pull:ups, installation of a bending shoe risef and
similar constfuction methods.
A permissiblg strain criterion may be used for pipelines in“service for
a) pipeline [deformations from predictable non-cyelic displacement of supports, ground or seabed, su¢h as
fault moyement along the pipeline or differential settlement;
b) non-cyclic deformations, where the pipgline is supported before exceeding the permissible strain, sugh as
in case ¢f a pipeline offshore that is(not continuously supported but with sagging limited by the seabqd;
c) cyclic fupctional loads, provided that plastic deformation occurs only when the pipeline is first raised|to its
“worst-case” combination of fanctional loads and not during subsequent cycling of these loads.
The permisgible strain shall be determined considering the fracture toughness of the material, [weld
imperfections and previously experienced strain. The possibility of strain localization, such as for con¢rete-
coated pipelipes in behding, shall be considered when determining strains.
NOTE B$ 7910'provides guidance for determining the level of permissible strain.
6.4.2.3 Buckling

The following buckling modes shall be considered:

combination of these loads;

buckle p

ropagation;

pressures.

18

local buckling due to external pressure, axial tension or compression, bending and torsion, or a

restrained buckling due to axial compressive forces induced by high operating temperatures and
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NOTE Buckling of restrained pipelines can take the form of lateral displacement for unburied pipelines or vertical
upheaval of trenched or buried pipelines.

6.4.2.4 Fatigue

Fatigue analyses shall be performed on pipeline sections and components that can be subject to fatigue from
cyclic loads in order to

— demonstrate that initiation of cracking does not occur; or

— define requirements for inspection for fatigue.

Fatigle analyses shall include a prediction of load cycles during construction and operationc@tid|a translation
of logd cycles into nominal stress or strain cycles.

The ¢ffect of mean stresses, internal service, external environment, plastic prestrain.and’rate of ¢yclic loading
shall pe accounted for when determining fatigue resistance.

Assepsment of fatigue resistance may be based on either S-N data obtained.on representative cqmponents or
a fragture mechanics fatigue life assessment.

The selection of safety factors shall take into account the inherent inaccuracy of fatigue-resistange predictions

and gccess for inspection for fatigue damage. It can be necessary‘to monitor the parameters cgusing fatigue
and tp control possible fatigue damage accordingly.

6.4.2|5 Ovality

Ovality, or out-of-roundness, O, expressed as a percentage, is defined as given in Equation (6):

N = Dmax = Pin %100 (6)
where

b is the specified diaméeter (outside or inside);

Drax  is the maximum,measured diameter (outside or inside);

Din  is the minimum measured diameter (outside or inside).

Ovality or out-of-fetindness arising from manufacture, construction and installation shall be donsidered in
relatipn to buckling and operational requirements.

6.5 | Stability

Pipelines shall be designed to prevent horizontal and vertical movement, or shall be designed with sufficient
flexibility to allow predicted movements within the strength criteria of this International Standard.

Factors which should be considered in the stability design include

— hydrodynamic and wind loads;

— axial compressive forces at pipeline bends and lateral forces at branch connections;
— lateral deflection due to axial compression loads in the pipelines;

— exposure due to general erosion or local scour;
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— geotechnical conditions including soil instability due to, for example, seismic activity, slope failures, frost
heave, thaw settlement and groundwater level;

— construction method, including bundled or piggybacked lines;
— trenching and/or backfilling techniques.

NOTE Stability for pipelines on land can be enhanced by such means as pipe mass selection, anchoring, control of
backfill material, soil cover, soil replacement, drainage and insulation to avoid frost heave. Possible stability improvement
measures for subsea pipelines are pipe mass, mass coating, trenching, burial (including self-burial), gravel or rock
dumping, anchoring and the installation of mattresses or saddles.

6.6 PipeIiL\e spanning

Spans in pipelines shall be controlled to ensure compliance with the strength criteria Ain.6.4.2.| Due
consideration shall be given to

— support fonditions;

— interactipn with adjacent spans;

— possible|vibrations induced by wind, current and waves;
— axial forge in the pipeline;

— soil accretion and erosion;

— possibleleffects from third-party activities;

— soil properties.

6.7 Pressure test requirements

t into
may
bn or
steel

tures
water
is not possible, if testing is not expedient or if water contamination is unacceptable. Pneumatic tests (when
necessary) may be made using air or a non-toxic gas.

NOTE Rerouting of short pipeline sections or short tie-in sections for pipelines in operation are examples of situations
for which pressure tests with water might not be expedient.

6.7.3 Pressure levels and test durations

The duration of strength and/or leak testing shall be determined taking into consideration ambient temperature
changes and leak detection methods.
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Pipelines and primary piping shall be strength-tested, after stabilization of temperatures and surges from
pressurizing operations, for a minimum period of 1 h with a pressure at any point in the system of at least
1,25 x MAOP.

If applicable, the strength test pressure shall be multiplied by the following ratios:

oy at test temperature divided by oy at the design temperature; and

tmin Plus corrosion allowance divided by 7, in case of corrosion allowance.

The strength test pressure for pipelines conveying category C and D fluids at locations subject to infrequent

humgmactivity and without permmanent tabitation may be reduced to a pressure of not tess tham 1,20 x MAOP,
provifled the maximum incidental pressure cannot exceed 1,05 x MAOP.

Follofing a successful strength test, the pipeline shall be leak-tested for a minimum ‘period ¢f 8 h with a
presdqure at any point in the system of at least 1,1 x MAOP.

The strength and leak test may be combined by testing for a minimum of 8 h at the pressure spgcified above
for sfrength testing. The requirement for a minimum duration of a leak test is_not applicable tq pipelines or
primgry piping completely accessible for visual inspection, provided the complete pipeline is visuglly inspected
for lepks following a hold-period of 2 h at the required leak-test pressure. The additional test requirements of
Clauge B.6 shall apply for category D and E pipelines to which Annex{B applies.

6.7.4| Acceptance criteria

Pressure variations during strength testing shall be acceptable if it can be demonstrated that thely are caused
by fagtors other than a leak.

Presgure increases or decreases during leak testing shall be acceptable provided it can be demonstrated
through calculations that they are caused by variations in ambient temperature or pressure, $uch as tidal
variation for offshore pipelines.

Pipellnes not meeting these requirements'shall be repaired and retested in accordance with the fequirements
of this International Standard.

6.8 | Other activities

6.8.1| Activities by others

The fpllowing factorsshall be considered when determining the requirements for the protection of|pipelines:
— possible gffects of pipeline damage on public safety and the environment;

— possible effects of interference from other activities;

EXAMPLES

dtionhal requirements 1or pubIiC Safety and the protection or the environment.

Activities that it is necessary to consider for pipelines on land include other land users, traffic, cultivation,

installation of drainage, construction of buildings and work on roads, railways, waterways and military exercises. Examples
for offshore pipelines include the setting of jack-up vessels, the movement of anchors and anchor chains, snagging cables
and umbilicals, dropping of objects near installations, moving vessels close to risers, seabed fishing activity during their
installation and military exercises.

Protection requirements shall be established as part of the safety evaluation in 6.2.1.2 where required.

EXAMPLES Protection of pipelines on land includes cover, increased wall thickness, markers and marker tape,
mechanical protection, controlling access to the pipeline route, or a combination of these measures. Trenching or burial,
rock dumping, cover with mattresses or protective structures and riser protection are possible protective measures for
offshore pipelines.
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For pipelines on land, markers should be erected at road, rail, river and canal crossings and elsewhere, to
enable other users of the area to identify the location of pipelines. The use of marker tape should be
considered for buried pipelines on land.

6.8.2 Pipeline cover

6.8.2.1  Pipelines on land

Buried pipelines on land should be installed with a cover depth not less than shown in Table 5. Cover depth
shall be measured from the lowest possible ground surface level to the top of the pipe, including coatings and

attachments.
Table 5 — Minimum cover depth for pipelines on land
Cover depth 2
Location
m

Areas of limited or no human activity 0,8
Agricultural or horticultural activity © 0,8
(anals, rivers © 1,2
Roads and railways 9 1,2
Residential, industrial, and commercial areas 1,2
Rocky ground © 0,5
a8  Special consideration for cover may be required in areas with‘frost heave.
B Cover shall not be less than the depth of normal cultivation:
9  To be measured from the lowest anticipated bed.
4 To be measured from the bottom of the drain ditehes.
€ The top of pipe shall be at least 0,15 m belgwsthe surface of the rock.

Pipelines may be installed with less cover depth than indicated in Table 5, provided a similar le

protection is provided by alternative methods.

The design df alternative protection,methods should take into account

— any hind

— soil stab

rance caused-to other users of the area;

lity and settlement;

— pipeline sstability;

— cathodic

protection;

— pipeline expansion;

— access for maintenance.

6.8.2.2 Offshore pipelines

el of

Offshore pipelines shall be trenched, buried or protected if external damage affecting the integrity is likely, and
where necessary to prevent or reduce interference with other activities. Other users of the area shall be

consulted when determining the requirements for reducing or preventing this interference.
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Protective structures for use on offshore pipelines should present a smooth profile to minimize risks of
snagging and damage from anchoring cables and fishing gear. They should also have sufficient clearance
from the pipeline system to permit access where required, and to allow both pipeline expansion and
settlement of the structure foundations. The design of protective structures should be compatible with the

cathodic protection of the pipeline.

6.9

6.9.1

The

Crossings and encroachments

Consultations with authorities

ipeline _design loads, including frequency. construction methods and requirements for the

protection of

Cross

6.9.2

Road

Moto
track

The hoop stress design factors in Table 2 and the cover depth requirements in Table 5 should, a

apply to the road right-of-way boundary or, if this boundary has notdbeen defined, to 10 m from thge edge of the
hard purface of major roads and 5 m for minor roads.

Pipellnes running parallel to a road should be routed outside the road right-of-way boundary wheie practicable.
6.9.3] Railways

The hoop stress design factors in Table 2 and the~¢cover depth requirements in Table 5 should, ag a minimum,
apply to 5 m beyond the railway boundary or, if.the boundary has not been defined, to 10 m from the rail.
Pipellnes running parallel to the railway should be routed outside the railway right-of-way where practicable.
The yertical separation between thé\top of the pipe and the top of the rail should be a minimun} of 1,4 m for
opentcut crossings and 1,8 m forbored or tunnelled crossings.

6.9.4] Waterways and landfalls

Protdction requirements.for pipeline crossings of canals, shipping channels, rivers, lakes and lar|dfalls should
be dgsigned in consultation with the water and waterways authorities.

Crossings of fleod defences can require additional design measures for the prevention of flooding and limiting
the ppssible.consequences.

ings, shall be established in consultation with the appropriate authorities.

Roads
s should be classified as major or minor for the application of the hoop-stress_design factor.

r'ways and trunk roads should be classified as major and all other public roads as minor. Pri
5 should be classified as minor even if used by heavy vehicles.

The

yate roads or

5 a minimum,

botential for pipeline damage by ships' anchors, scour and tidal effects, differential soil

bettlement or

subsidence, and any future works such as dredging, deepening and widening of the river or canal, shall be

consi

6.9.5

dered when defining the protection requirements.

Pipeline/cable crossings

Physical contact between a new pipeline and existing pipelines and cables shall be avoided. Mattresses or
other means of permanent separation should be installed if necessary to prevent contact during the design life
of the pipeline.

Crossings should occur at as close as practicable to 90°.
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6.9.6 Pipeline bridge crossings

Pipeline bridges may be considered when buried crossings are not practicable.

Pipeline bridges shall be designed in accordance with structural design standards, with sufficient clearance to
avoid possible damage from the movement of traffic, and with access for maintenance. Interference between

the cathodic protection of the pipeline and the supporting bridge structure shall be considered.

Provision shall be made to restrict public access to pipeline bridges.

6.9.7 Sleeved crossings

Sleeved crogsings should be avoided where possible.

NOTE ARI RP 1102 provides guidance on the design of sleeved crossings.

6.10 Adverse ground and seabed conditions

Where necefsary, protective measures, including requirements for surveillance;-shall be established to
minimize the|occurrence of pipeline damage from adverse ground and seabed conditions.

EXAMPLE Adverse ground and seabed conditions include landslide, erosion,¢subsidence, differential settigment,
areas subject|to frost heave and thaw settlement, peat areas with a high groundwater table and swamps. Pdssible
protective measures are increased pipe wall thickness, ground stabilization, erosion prevention, installation of anghors,
provision of negative buoyancy, etc., as well as surveillance measures. Measurements of ground movement, pipeline
displacement pr change in pipeline stresses are possible surveillance methods.

Local authorities, local geological institutions and mining .consultants should be consulted on ggneral
geological cgnditions, landslide and settlement areas, tunnelling and possible adverse ground conditions,

6.11 Section isolation valves

Section isolation valves should be installed at thie beginning and end of a pipeline and where required for
— operatioh and maintenance;

— control gf emergencies;

— limiting potential spill volumes:

Account shquld be taken—of topography, ease of access for operation and maintenance, incljuding
requirementq for pressure relief, security and proximity to occupied buildings when locating the valves.

The mode offoperation of section isolation valves shall be established when determining their location.

6.12 Integrity mormitoring

Requirements for pipeline integrity monitoring shall be established at the design stage.
NOTE Monitoring can include corrosion monitoring, inspection and leak detection.

6.13 Design for pigging

The requirements for pigging shall be identified and the pipeline designed accordingly. Pipelines should be
designed to accommodate internal inspection tools.
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The design for pigging should consider the following:

— provision and location of permanent pig traps or connections for temporary pig traps;
— access;

— lifting facilities;

— isolation requirements for pig launching and receiving;

— requirements for venting and draining (for pre-commissioning and during operation);

— ingging direction(s);

— permissible minimum bend radius;

— distance between bends and fittings;

— fhaximum permissible changes in diameter;

— fppering requirements at internal diameter changes;

— design of branch connections and compatibility of line pipe material;
— ipternal fittings;

— ipternal coatings;

— pig signallers.

The gafety of access routes and adjacent fagcilities shall be considered when determining the oriehtation of pig
traps

6.14| Fabricated components

6.14.1 Welded branch connections

Welded branch connections on steel pipe shall be designed in accordance with the requirements of a
recognized design standard. The hoop stress in the connection shall not exceed the hoop stresg permitted in
the afljacent pipe.

Mechanical fittings may be used for making hot taps on pipelines, provided they are designef to meet or
exceed the design pressure of the pipeline.

6.14.2-Specialcomponents-fabricated-bywelding———————

The design of special components shall be in accordance with sound engineering practice and this
International Standard. Where the strength of such components cannot be computed or determined in
accordance with the requirements of this International Standard, the maximum allowable operating pressure
shall be established in accordance with the requirements of ASME BPVC, Section VI, Division 1.

Prefabricated items, other than commonly manufactured butt-welded fittings, that employ plate and
longitudinal seams shall be designed, constructed and tested in accordance with this International Standard.
Orange-peel bull plugs, orange-peel swages and fish tails shall not be used.

Flat closures shall be designed in accordance with ASME BPVC, Section VIII, Division 1.
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Special components shall be capable of withstanding a pressure equal to the pressure during the strength-
testing of the pipeline. Components to be installed in existing pipelines shall be pressure-tested before
installation in accordance with 6.7.

6.14.3 Extruded outlets
Extruded outlets shall be designed in accordance with ISO 15590-2.

6.14.4 Pig traps

All anticipated pigging operations, including possible internal inspection, shall be considered when
determining {he dimensions of the pig trap.

Pig traps, bgth permanent and temporary, shall be designed with a hoop-stress design factor in"aecordance
with Tables 2 and 3, including such details as vent, drain and kicker branches, nozzle reinforcements, spddle
supports. Clgsures shall comply with ASME BPVC, Section VIII, Division 1.

Closures shall be designed such that they cannot be opened while the pig trap is-pressurized. This| may
include an inferlock arrangement with the main pipeline valves.

Pig traps sh4dll be pressure-tested in accordance with 6.7.
6.14.5 Slug(catchers

6.14.5.1 V¢ssel-type slug catchers

All vessel-type slug catchers, wherever they are located, shall\be designed and fabricated in accordancg with
ASME BPV{, Section VIII, Division 1.

6.14.5.2 M\lti-pipe slug catchers

Multi-pipe sldg catchers shall be designed with @ hoop-stress design factor in accordance with Tables 2 gnd 3.

6.14.6 Fabricated assemblies
The hoop-stress design factors for fabricated assemblies shall apply to the entire assembly and shall eXtend,

excluding trapsition ends of piping,\bends or elbows, for a distance of the lesser of five pipe diameters gr 3 m
in each direction beyond the last.component.

6.15 Attachment of supports or anchors

The pipeling] and equipment shall be adequately supported, so as to prevent or to damp out excgssive
vibration, and shallbe anchored sufficiently to prevent undue loads on connected equipment.

Branch con with

adequate flexibility.

When openings are made in a consolidated backfill to connect new branches to an existing pipeline on land, a
firm foundation shall be provided for both the header and the branch to prevent both vertical and lateral
movements.

Braces and damping devices required to prevent vibration of piping shall be attached to the carrier pipe by
full-encirclement members.

All attachments to the pipeline shall be designed to minimize the additional stresses in the pipeline.
Proportioning and welding-strength requirements of attachments shall conform to standard structural practice.
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Structural supports, braces or anchors shall not be welded directly to pipelines designed to operate at a hoop
stress of 50 % or more of SMYS. Instead, such devices shall be supported by a full-encirclement member.

Where it is necessary to provide positive support, as at an anchor, the attachment should be welded to the
encircling member and not to the pipe. The connection of the pipe to the encircling member shall be by
continuous circumferential rather than intermittent welds.

Supports not welded to the pipeline should be designed to allow access for inspection of the pipeline
underneath the supports.

Design of anchor blocks to prevent axial movement of a pipeline should take into account the pipeline

Aqion for aad-arvr—aiae-ta-aeal-fratiaon-—BraeventHia-a-ma-everaent
eXpa ISTOTTOTCC—aru—arTy  prpCrto=-SUmT Mo tUT T pTreve Ty TTTove Tt

The fesign of the full-encirclement member shall include the combined stress in the_Carrief pipe of the
functjonal, environmental, construction and accidental loads. Attachment of the full-encirclement member may
be by clamping or continuous full encirclement welds.

The pipe wall axial force, F, to be resisted for fully restrained pipelines should be calculated as given in
Equattion (7):

Ijz—pid XAi(1—2V)—AS><E>< a(Tz—T1) (7)

wher

w

g s the design pressure;

is the internal cross-sectional area of the pipe;

is the cross-sectional area of pipewall;

K is the modulus of elasticity;

 is the linear coefficient of thermal:expansion;

Ty is the installation temperature;

T, is the maximum or minimum metal temperature during operation;
is the Poisson ratio:

Significant residual igstallation loads shall also be taken into account when determining axial pipejine forces.
6.16| Offshorerisers
OffsHore¢risers should be given careful design consideration because of their criticality to| an offshore

instalatien and its exposure to environmental loads and mechanical service connections. The follpwing factors

h (I o | HwN HN | bt H 4l H (| H
Shoulgoe taren Mto consiIaeraton i tnetraesSign:

— splash zone (loads and corrosion);

— reduced inspection capability during operation;
— induced movements;

— velocity amplification due to riser spacing;

— possibility of platform settlement;

— protection of risers by locating them within the supporting structure.
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7 Design of stations and terminals

71

Selection of location

In selecting the locations for stations and terminals on land, consideration shall be given to

access;

topography;

ground conditions;

availabil

hazards

Stations and
fires on adja

The location
determined &
safety evalu
explosion or

7.2 Layoy

Open space
Sufficient ac

other emerggncy equipment.

Layouts of st

Areas within
IEC 60079-1

Spacing of te

Piping and p|

requirenents for inlet and outlet connections to and from the pipeline;

public safety and the environment;

anticipated developments.

ty of services;

from other activities and adjacent property;

terminals should be located such that the facilities constructed on the site can be protected
ent properties that are not under the control of the pipeline-operating company.

of parts of the pipeline system within other installations, both on land and offshore, shod
s part of an overall installation layout review. The review should take into account the resu

htions including consequences on personnelcaccommodation and evacuation in the ca
fire.

t

shall be provided around stations and terminals for the free movement of fire-fighting equip

from

Id be
Its of
e of

ment.

Cess and clearance shall be provided at stations and terminals for movement of fire-fighting and

ptions and terminals_shall’be based on minimizing the spread and consequences of fire.

stations and terminals with possible explosive gas mixtures shall be classified in accordancg with

D and the requirements for plant and equipment defined accordingly.
nkage shall be in accordance with NFPA 30.

pelines shall be routed such that trip or overhead hazards to personnel are avoided and a

CCESS

to piping an

d-equipment for inspection and maintenance is not hindered. Requirements for acces

s for

replacement

of equipment shall also be considered.

Vent and drain lines to atmosphere shall be extended to a location where fluids can be discharged safely.
Particular attention shall be paid to safety in locating vent and drain lines near living quarters on offshore

installations.

7.3 Security

Access to stations and terminals shall be controlled. They should be fenced, with gates locked or attended.

Permanent notices shall be located at the perimeter indicating the reference details of the station or terminal
and a telephone number at which the pipeline operating company can be contacted.
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Security requirements for parts of the pipeline system within other installations shall be established in
conjunction with the requirements for the installation.

7.4 Safety

Signs shall be placed to identify hazardous, classified and high-voltage areas. Access to such areas shall be
controlled.

Fences shall not hinder the escape of personnel to a safe location. Escape gates shall open outward and be
capable of being opened from the inside without a key when the enclosure is occupied.

Adequate exits and unobstructed passage to a safe location shall be provided for each operating|floor of main
pump and compressor buildings, basements, and any elevated walkway or platform. Exits~shall provide a
convenient possibility of escape.

Appropriate fire and gas detection and fire-fighting facilities shall be provided. For stations and|terminals on
land, [the requirements for such facilities shall be established in consultation with thé-local fire authorities.

Tank, dikes and firewalls shall meet the requirements of NFPA 30.
Ventilation shall be provided to prevent the exposure of personnel to hazardous concentrations pf flammable
or ngxious liquids, vapours or gases in enclosed areas, sumps<and pits during normal apd abnormal
condftions, such as a blown gasket or packing gland. Equipment forthe detection of hazardous cncentrations
of flulds shall be provided.

Hot gnd cold piping that can cause injury to personnel shall-be suitably insulated or protected.

7.5 | Environment

The disposal of effluent and discharges shall comply with national and local environmental requirgments.

7.6 |Buildings
Pump and compressor buildings that house equipment or piping in sizes larger than 60 mm outgide diameter

or equipment for conveying, exgept for domestic purposes, category D and E fluids, shall be cpnstructed of
fire-r¢sistant, non-combustible(or limited combustibility materials defined in NFPA 220.

7.7 | Equipment

Pumps and compréssors, prime movers, their auxiliaries, accessories, control and support systems, shall be
suitale for the_services specified in the system definition in accordance with 5.1. Pumps, compressors and
their prime movers shall be designed for a range of operating conditions within the constraints of the pipeline
system asdimited by the controls identified in 5.4.

Prim¢g movers, except electrical induction or synchronous motors, shall be provided with an autgmatic device
that is designed to shut down the unit before the speed of the prime mover or of the driven unit exceeds the
maximum safe speed specified by the manufacturer.

Plant and equipment shall meet the requirements of the area classification in accordance with 7.2.
In addition to the functional requirements stated above, pumps, compressors, gas turbines and electric motors

shall meet the requirements of 1ISO 3977, ISO 10439, ISO 13707, ISO 13709, ISO 13710 or IEC 60034-1, as
applicable.
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7.8 Piping

7.8.1

Primary piping

Primary piping shall be designed in accordance with the requirements of Clause 6.

Vibrations caused by vibrating equipment, fluid pulsations from reciprocating pumps or compressors and flow

induced puls

ations shall be considered during the piping design.

Piping shall be protected against damage from vacuum pressures and overpressures. Pressure control and

over-pressur

NOTE Pi
in flow during
sources during

7.8.2 Seco

7.8.21 Fu
Fuel-gas pip
Fuel-gas line

The fuel gas
the normal o

e protection shall comply with the requirements of 5.4.

bing can be subjected to overpressure or vacuum conditions as a result of surge following a suddenc!
valve closure or pump shutdown, excessive static pressure, fluid expansion, connection to high-prg
a fault condition, or as a result of a vacuum created during shutdown or drain-down.

hdary piping

el gas piping

ng within a station shall be in accordance with ISO 15649.

system shall be provided with pressure-limiting deviceste’/prevent fuel pressures from exce
perating pressure of the system by more than 25 %, The maximum fuel pressure shall not e

the design prlessure by more than 10 %.

Provision sh
chambers wih

7.8.2.2

Air receivers
Section VIII,

7.8.23 LU

All lubricating

7.8.2.4

AI
Air piping wi

all be made to vent and purge fuel headers”to prevent fuel gas from entering comby
en work is in progress on the drivers or connected equipment.

piping
in a station shall be in accordance with ISO 15649.
Division 1.

bricating oil and-hydraulic oil piping

oil and hydraulic oil piping within stations shall be in accordance with ISO 15649.

nt and.drain lines

nange
ssure

s shall be provided with master shut-off valves located outside any building or residential quarters.

eding
ceed

stion

or air-storage bottles shall’ be constructed and equipped in accordance with ASME BPVC,

VJ
Vent and drafinlines shall be sized to match the capacity of relief valves.

7.9 Emergency shutdown system

Each pump or compressor station shall be provided with an emergency shutdown system that is readily
accessible, locally and/or remotely operated, and which shuts down all prime movers. Consideration should
also be given to isolating the station from the pipeline and to relieving or venting when required.

Operation of the emergency shutdown system shall also permit the shutdown of any gas-fired equipment that
can jeopardize the safety of the site, provided it is not required for emergency purposes.

Uninterrupted power supply shall be provided for personnel protection and those functions that are necessary
for protection of equipment.
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7.10 Electrical
Electrical equipment and wiring installed in stations shall conform to the requirements of IEC 60079-14.

Electrical installations that are required to remain in operation during an emergency shall be based on the
zone applicable during the emergency.

7.11 Storage and working tankage

Tanks for storage or handling of fluids shall be designed and constructed in accordance with the following
standards:

— API1 650 for fluids with a vapour pressure less than 3,5 kPa [0,035 bar(g)];

— API 620 for fluids with a vapour pressure higher than 3,5 kPa [0,035 bar(g) but not more than 100 kPa
bar(g)];

— this International Standard for pipe-type holders used for fluids with a vapour pressure ¢f more than
00 kPa [1 bar(g)];

— gpplicable standards for holders other than pipe-type holders for fluids with a vapour presgure of more
than 100 kPa [1 bar(g)].

Founfdations shall be designed and constructed in accordance .with plans and specifications which shall take
into gccount local soil conditions, type of tank, usage and general location.

7.12| Heating and cooling stations

Temperature indication and controls should be provided where heating or cooling of the fluids i§ required for
opergtion of the pipeline system.

For heating stations, trace heating can be_required on pipework, pump bodies, drains and instrument lines to
ensufe satisfactory flow conditions followirng shutdown.

7.13| Metering and pressure-control stations

Metefs, strainers and filters-shall be designed for the same internal pressure and shall meet the pressure-test
requirements of this International Standard.

Components shall be)Supported in such a manner as to prevent undue loading to the conngcting piping
system.

Design andsinstallation shall provide for access and ease of maintenance and servicing while minimizing
interference’with the station operations. Consideration shall be given to backflow, vibration or pujsation of the
flowing stream.

The retention size of any filtering medium shall be selected to protect the facilities against the intrusion of
harmful foreign substances and to prevent electrostatic charge accumulation.

7.14 Monitoring and communication systems

The requirements for monitoring pressure, temperature, flowrate, physical characteristics of the fluid being
conveyed, information on pumps, compressors, valve positions, meters and tank levels, together with alarm
conditions such as power supply failure, high temperature of electric motor windings and rotating machinery
bearings, excessive vibration levels, low suction pressures, high delivery pressures, seal leakage, abnormal
temperatures, and the detection of fire and hazardous atmosphere shall be defined and included in the system
design in accordance with Clause 5.
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Supervisory control and data acquisition (SCADA) systems may be used for controlling equipment.

Operating requirements of the pipeline system, as well as safety and environmental requirements, shall be the
basis for determining the requirement for redundant monitoring and communication components, and back-up
power supply.

7.15 Compressor stations for on-land gas supply systems

Additional specific functional requirements for compressor stations are given in EN 12583.

8 Materi

8.1 Gene

8.1.1 Selec
Materials for

have the

requirenents of 6.4;

have thg
be suita
NOTE
8.1.2 Mate

Specification
ISO 15156-3

8.1.3 Congdistency of requirements

Requirement

EXAMPLE
fracture.

8.1.4 Chemical composition

Ferritic steel
maximum ca

Material requirements for secondary piping are addressedhin ISO 15649.

als and coatings

al material requirements for pipelines and primary piping
tion

use in the pipeline and primary piping shall

mechanical properties, such as strength and toughness, necessary to comply with the d
properties necessary to comply with the requirements for.eorrosion control of Clause 9;

ble for the intended fabrication and/or construction methods.

rials for sour service

5 for materials in sour service shall.meet the requirements in 1ISO 15156-1, 1SO 15156-2
as applicable.

s shall be specified consistently for all pressure-containing components.

Such requiremeats include chemical composition to ensure weldability and toughness to prevent

materials intended for welding and for which a product standard is not available should h

Psign

and

brittle

AvVe a

rbon equivalent, CE, of

0,45 for

0,48 for

grades with a specified minimum yield strength not exceeding 360 MPa;

grades with a specified minimum yield strength above 360 MPa.

Ferritic steel materials intended for welding and for which a product standard is available shall have a CE not

exceeding th

e above values or the values quoted in the product standard, whichever is the lowest.

The purchaser of materials may consider applications for which higher CEs are acceptable or the acceptable
maximum CE requires further limitation.
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The CE shall be calculated as given in Equation (8):

CE=C+ Mn/6 + (Cr + Mo + V)/5 + (Ni + Cu)/15

(8)

where the symbols of the elements represent the percent mass fraction of the corresponding element.

NOTE

The formatting for Equation (8) does not conform to the standard 1ISO formatting but it has b

exceptionally, on the basis of its long-standing and well established history in the industry.

een accepted,

For pipelines and primary piping transporting category A fluids, where the full chemical composition is not
reported, an alternative CE formula may be used.

8.1.5
Mate

Mate
diam
follow

bl
4

4

The
cated
trans

NOTH

Full-3
piece
requi
the c

CE =C + Mn/6 + 0,04

Brittle fracture toughness
rials shall be selected and applied in such a way that brittle fracture is prevented.
bter above DN 150 and of ferritic, ferritic/austenitic or martensitic stainleSs or carbon steel, s
ing minimum Charpy impact energy values for full-size Charpy V-noteh test specimens:

7 J average/20 J individual for grades with specified minimumiyield strength not exceeding

requirements for preventing brittle fracture of materials in pipelines and primary piping
ory A and B fluids and of components with a.hominal diameter not exceeding DN 150
borting category C, D and E fluids shall be determined based on the design conditions.

Higher impact values can be required to.arrest running ductile fractures; see 8.1.6.

ize Charpy V-notch tests shall be gatried out in accordance with ISO 148-1. The alternative
s specified by ISO 3183 may also-be used. Reduced-size specimens may be tested and
red impact energy values reduced in proportion to the thickness of the specimen when the
bmponents being tested dogsynot permit a full-size Charpy V-notch test.

The

foro

shore risers and for large-thickness components.

The nequirements,for preventing brittle fracture shall be met in the parent metal and, for welded

the W
brittlg

eld metal and heat-affected zones by the use of a welding procedure qualified to provide
fracture-resistance.

8.1.6

|0 J average/30 J individual for grades with specified mipimum yield strength above 360 MP3.

(9)

fials used in pipelines and primary piping transporting category C, D_and E fluids, with a nominal

hall meet the

860 MPa;

transporting
in pipelines

tapered test
he minimum
thickness of

est temperature shall(not be higher than the minimum temperature the material can expg¢rience while
undef pressure. Lower testiemperatures shall be considered for gas or gas/liquid pipelines and p

rimary piping,

components,
the specified

Shear-fracture toughness

The parent metal of line pipe for pipelines conveying category C, D, and E fluids shall be capable of arresting
running shear fractures. The phase behaviour of fluids during sudden decompression shall be determined and
the required shear-fracture arrest properties verified for all phases.

NOTE ISO 3183:2007, Annex G, provides guidance on determining the fracture-toughness requirements for the
arrest of running shear fractures.

Charpy V-notch tests shall be carried out, in accordance with the requirements of 8.1.5, at the minimum
temperature the pipeline can experience during service under the effect of lowest air, seawater or ground
temperature.
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Mechanical crack arrestors consisting of sleeves or heavy-wall pipe may be applied where it is not practical to
achieve the toughness required for fracture arrest. The consequences of fracture propagation shall determine

the locations

and minimum spacing of arrestors along the pipeline.

8.1.7 Higher-temperature service

The mechanical properties at the maximum operating temperature of materials for operations above 50 °C
should be documented unless specified in the referenced product standard or complementary justification.

8.1.8 Properties after forming and heat treatment

For materialdg
properties,

Documentati
metal and heg

8.1.9 Prod

Requirement
considered o

8.1.10 Mark

Materials an
standard or,

Marking by
locations wh

subjected to heat treatment, hot or cold forming, or other processes that can affect the mg
tompliance with the specified requirements in the final condition shall be docume
bn shall be provided for the parent metal and, in the case of welded components,(for’'the
at-affected zones.

iction qualification programmes

s for production qualification programmes and pre-production testing,for material shou
N the basis of available experience with previous fabrication of that material.

ng

H components shall be marked in accordance with the_requirements of the applicable pr
f not specified, the requirements of MSS SP-25.

die stamping shall be done in a manner resulting’ in minimum stress concentrations a
ere the marking will not be harmful.

8.1.11 Inspection documents

All materials
traced to the
type 3.1.Bin

8.1.12 Spec

All materials
with the requ

Requirement
and supplem|

Detailed sp

shall be supplied with an inspection-document in accordance with 1ISO 10474, which c3

pipeline component. For materials-for pressure-retaining components, an inspection certi
accordance with ISO 10474:1991 shall be supplied as a minimum.
fications

for line pipe, piping~ecomponents and coatings shall be manufactured and used in accorg
rements of the relevant product standard and of this International Standard.

s of this International Standard not included in the relevant product standard shall be spe
ented to.the ‘product standard.

beifications, which shall include the required properties, dimensional requirements

terial
nted.
weld

d be

bduct

hd at

n be
ficate

ance

cified

and
d for

requirementg

for ‘fabrication, testing, inspection, certification and documentation, shall be prepare

materials if a

8.1.13 Reus

The reuse of

refevant product starmdardis ot avaitabte:

e of components

components is permitted provided

Standard;

inspection documentation complies with the requirements of 8.1.11;

Standard, that they are sound and free from defects.
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the specification for the original fabrication is known and meets the requirements of this International

it is demonstrated by inspection, following cleaning, and repair where permitted by this International
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Line pipe for which the specification of the original fabrication is not known may be used as grade L245 only
provided it is demonstrated by adequate inspection and testing that the line pipe meets the requirements of
the appropriate part of ISO 3183. The use of such materials shall be limited to pipe operating at stress levels
below 30 % of the specified minimum yield strength.

NOTE The pipeline operator can clarify in project specifications his acceptance of the reuse of materials.
8.1.14 Records
Specifications with agreed deviations, design dossier such as calculations and drawings, test and inspection

results, and certification shall be collected for retention during operations, in accordance with the requirements
of 13¢+

8.2 | Line pipe
8.2.1] Carbon steel pipe

Line pipe made of C-Mn steel shall conform to ISO 3183.

8.2.2| Stainless steel and non-ferrous metallic pipe

Stainjess steel and non-ferrous metallic line pipe may be welded or¢Seamless pipe.

8.2.3| Carbon steel pipe with stainless steel or non-ferrous'metallic layer
Carbpn steel line pipe shall conform to ISO 3183.

The dlesign and internal corrosion evaluation shall-address whether the internal stainless steel of non-ferrous
metallic layer should be metallurgically bonded (elad) or may be mechanically bonded (lined)|to the outer
carbgn steel pipe. The minimum thickness of the-internal layer should not be less than 3 mm in the pipe and at
the wleld.

The fequirement of pipe-end tolerances-closer than specified in ISO 3183 for welding shall be feviewed and
specified if deemed necessary.

8.3 | Components other thah pipe

8.3.1] Flanged connections

Flanged connections shall meet the requirements of 1SO 15590-3, ASME B16.5 or MSS SH-44 or other
recognized codes. Proprietary flange designs are permissible. They should conform to relevar]t sections of
ASME BPVC,:Séction VI, Division 1.

ing from the

Compliance with the design requirements of ISO 15590-3 shall be demonstrated when devia
flange-di i il ifiedH

Consideration shall be given to matching the flange bore with the bore of the adjoining pipe wall to facilitate
alignment for welding.

Gaskets shall be made of materials that are not damaged by the fluid and shall be capable of withstanding the
pressures and temperatures to which they are subjected in service. Gaskets for services with operating
temperatures above 120 °C shall be of non-combustible materials.

Bolt material shall be compatible with the operating and environmental conditions and with the pipeline
material. Bolts or studbolts shall completely extend through the nuts.
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8.3.2 Bend

s made from pipe

Bends may be made from pipe by hot, cold or induction bending. Mitred bends shall not be used.

The requirements for hot or cold bends are

pipe sha

Il be of fully killed steels;

the ovality of the bend body shall not exceed 2,5 %;

bend-end tolerances shall meet the pipe end tolerances of the matching pipe;

wrinkling

all areas
adjacent

bends s

Induction bemnds shall meet the requirements of ISO 15590-1.

Testing and

8.3.3 Fittings

Fittings shall

Fittings shall
treat respons

8.3.4 Valvés

Ball, check,
shall meet th

8.3.5 Prefdbricated isolating couplings

Prefabricateq
electrical dis

8.3.6 Othe

The design g
Section VIII,

hall comply with the mechanical properties specified for the pipe in 8.2.

nspection of bends shall be done in the delivery condition.

shall not be permitted;

of the bend shall comply with the requirements for specified minimum wall thickhess ¢
piping;

comply with the requirements specified in ISO 15590-2:

be made from fully killed steel and made using-recognized practices to provide the intended
e and notch toughness properties.

gate and plug valves shall meet the requirements of ISO 14313. Valves for subsea applig
e requirements of ISO 14723.

isolating couplings.shall be pressure-tested to 1,5 x MAOP and tested electrically to confir
continuity, prior te/installation in the pipeline.

F components

f compenents for which there is no product standard shall meet the requirements of ASME E
Division 1. Fabrication welding and welding attachment to the pipeline, of all other compor

f the

heat

ation

m the

BPVC,
ents,

shall be in ad

cordance with 1ISO 13847

8.4 Coatings

8.41

8.4.11

External coatings

Concrete weight coatings

Concrete weight coating shall comply with ISO 21809-5.
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8.4.1.2 Coating for corrosion prevention and thermal insulation

Plant-applied coating shall comply with the requirements of 9.5 and the applicable part of ISO 21809 as
follows:

— three layer polyolefin coating: ISO 21809-1;

— fusion bonded epoxy (FBE) coating: ISO 21809-2;

— two-layer polyolefin: ISO 21809-4.

8.4.1{3 Thermal insulation coatings

Theral insulation coating shall comply with a recognized standard or specification, covering
requifements:

— flype of coating and reinforcement, where relevant;

— 1

—

hickness of individual layers and total thickness;

omposition and/or base material;

— thechanical properties;

— 1

—_ q

J

emperature limitations;

urface preparation requirements;

— adhesion requirements;

quirements for materials, application ‘and curing, including possible requirements for healt
nvironmental aspects;

— requirements for qualification testing of coating system and personnel, where relevant;

— nequirements for testing ahd inspection;

— Hepair procedures where relevant.

8.4.2

Intern
requi

Internal coatings/linings

al coating.should, in general, comply with a recognized standard or specification covering
rements:

— ftype’of coating and reinforcement, where relevant;

the following

h, safety and

the following

— thickness of individual layers and total thickness;

— composition and/or base material;

— mechanical properties;

— temperature limitations;

— surface preparation requirements;

— adhesion requirements;
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environmental aspects;

requirements for qualification testing of coating system and personnel where relevant;
requirements for testing and inspection;

repair procedures where relevant.

Anti-friction coatings should have a minimum thickness of 40 pm.

requirements for materials, application and curing, including possible requirements for health, safety and

9 Corroelion management

9.1 Gene

Internal and
loss of opera

selectior

identificd

review o

periodic
changes

Internal and

corrosion cam be controlled within the designtintent over the design life.

The evaluati
laboratory te

Any corrosio

Possible int
preservation

9.2 Intern

identification and evaluation of the potential sources of corrosion;

definitio of the requirements for corrosion monitoring and inspéection;

al

bility from corrosion within the specified design life. The corrosion managément should inclu

of materials, taking into account the results of the internal and external corrosivity evaluatio

tion of the necessary corrosion mitigation;

f the findings from corrosion monitoring and inspection;

modification of the requirements of corrosion management, as dictated by experiencs
in the design conditions and environment.

bxternal corrosivity evaluations shall’be carried out to document that, for the selected mater
bns should be based on\rélevant operating and maintenance experience and/or the resu
5ting.

h allowance should.take into account the type and rate of corrosion predicted for the design |

brnal and_‘external corrosion of materials during transport, storage, construction, te
commissioning and operational upset conditions shall be included in the evaluations.

al-corrosivity evaluation

bxternal corrosion of pipeline systems shall be managed to prevent unacceptable risk of faildire or

e

and

al(s),

Its of

fe.

sting,

Possible loss or degradation of materials shall be determined for all design conditions; see 5.1.

The possible formation of free liquid water shall be evaluated for the fluid velocities, pressures and
temperatures anticipated during operations.

Components of the fluid(s) that can cause or affect internal corrosion shall be identified and their potential for
corrosion determined for the predicted ranges of concentrations, pressures and temperatures.

EXAMPLES

Fluid components that may cause or affect internal corrosion include carbon dioxide, hydrogen s

ulfide,

elemental sulfur, mercury, oxygen, water, dissolved salts (chlorides, bicarbonates, carboxylates, etc.), solid deposits (in
relation to line cleanliness), bacterial contamination, chemical additives injected during upstream activities, contamination
from upstream process upsets.
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The types of potential corrosion to be addressed shall include

— general material loss and degradation;

— localized corrosion, such as pitting under deposits and mesa- or crevice-type attack;
— microbiologically induced corrosion;

— stress cracking;

— hydrogen-induced cracking or stepwise cracking;

— gtress-oriented hydrogen-induced cracking;
— ¢rosion and erosion-corrosion;
— gorrosion fatigue;

— himetallic/galvanic couples, including preferential weld corrosion.
9.3 | Internal corrosion mitigation

9.3.1] Methods

Methpds for the mitigation of internal corrosion may include

— g modification of design/operating conditions;

— the use of corrosion-resistant materials;

— the use of chemical additives;

— the application of internal coatings or linings;

— the use of regular mechanical.cleaning;

— the elimination of bimetallic couples.

The ¢ompatibility of the selected mitigation with downstream operations should be considered.
9.3.2| Revision 'of design conditions

Fluidiprocessing facilities upstream of the pipeline system and procedures for operating the pigeline system

may [pé-reviewed to identify opportunities for the removal of corrosive components or conditipns identified
duringthecorrosivity evatuatior:

9.3.3 Chemical additives

Factors for consideration during the selection of chemical additives should include
— effectiveness at water-wetted areas over the full pipeline system;

— velocity variation of fluids;

— partitioning behaviour in multiphase systems;

— influence of sediments and scales;
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— compatibility with the fluid specification;

— compatibility with other additives;

— compatibility with the component materials, in particular non-metallic materials;
— personnel safety in chemicals handling;

— environmental effects in the event of discharge;

— compatibility with operations downstream of the pipeline system.

9.3.4 Internal coatings or linings

Coatings or|linings may be applied to reduce internal corrosion provided that it is demonstrated that
incomplete pfotection, at areas such as holidays and other defects, does not lead to unacceptable corros|on.

Factors for cpnsideration during coating or lining selection should include
— internal goating of field joints;

— applicatipn methods;

— availabillty of repair methods;

— operating conditions;

— long-terin effects of the fluid(s) on the coating/lining;

— resistange to pressure change;

— influence¢ of temperature gradients over the-coating;

— compatibility with pigging operations.

9.3.5 Cleaning

Requirements for the periodic-infernal mechanical cleaning should be determined. Factors for considefation
should include

a) the remgval of accumulated solids and/or pockets of corrosive liquid to assist in the reduction of corrpsion
in theselareas;

b) enhancgment of the effectiveness of chemical additives.

In choosing a mechanical cleaning device, consideration should be given to

— the possible consequences of removing protective layers of corrosion products or chemical additives, or
damage to internal coatings or linings, by mechanical cleaning;

— the possible adverse effects of contacts between pipeline system materials, such as stainless steels, and
the materials of mechanical cleaning devices.

9.4 External corrosion evaluation

The possibility of external corrosion occurring shall be determined on the basis of operating temperatures
(see 5.1) and the external conditions (see 6.2).
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Table 6 lists typical environments that shall be considered when evaluating the possibility of external corrosion.

Table 6 — Environments to be considered for external corrosion

Offshore pipelines

Pipelines on land

Atmosphere (marine)
Air/water interface (splash zone)
Sea water

Seabed or buried in seabed

Atmosphere (marine/industrial/rural)
Sea water (tidal zone/shore approach)
Fresh or brackish water

Marshes and swamps

Inside bundles or sleeves

Rock dump/concrete mattresses

River crossings

Dry or wet soil

Inside J-tubes/caissons Inside tunnels, sleeves or caissons

Envirponmental parameters that should be considered include

a) ambient temperatures;

b) resistivity, salinity and oxygen content of the environment;
c) bacterial activity;

d) water current;

e) degree of burial;

f)  potential in-growth of tree roots;

g) potential soil pollution by hydrocarbons.and other pollutants.
The pvaluation of corrosion measures should take into account the probable long-term corrpsivity of the
envirbnment rather than be solely confined to the as-installed corrosivity. For pipelines dn land, due
consideration should be given/o~any known planned changes in the use of the land traversed by the pipeline
route| that can alter the enyironmental conditions and, thus, soil corrosivity, e.g. irrigation of lapd previously

arid gr of low corrosivity.

The possible effect 6f'the pH of the environment and possible sources of stray and alternating ¢urrents shall
be evaluated for pipelines on land.

The types of-extérnal corrosion damage for consideration shall include

@K

eneral metal loss and degradation;

— localized corrosion, e.g. pitting under deposit or crevice attack;
— microbiologically induced corrosion;

— stress-corrosion cracking, e.g. carbonate/bicarbonate attack.
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9.5 External corrosion mitigation

9.5.1 Protection requirements

All metallic pipelines and primary piping should be provided with an external coating and, for buried or
submerged sections, cathodic protection. The use of corrosion allowance and a durable coating or the use of
a corrosion-resistant alloy cladding should also be considered for areas with a high probability of severe
corrosion.

EXAMPLE The splash zone is an area with a high probability of severe external corrosion of risers in offshore
pipelines.

9.5.2 Extellnal coatings

The effectivegness in providing the required protection and the possible hazards during application-and sgrvice
shall be condidered when selecting external coatings.

Parameters for consideration when evaluating the effectiveness of external coatings shall include
— electrica resistivity of the coating;

— moisturg permeation and its relation to temperature;

— required|adhesion between the coating and the base material;

— required|resistance to shear forces between the coating and additional coating, insulation or environment;
— susceptipility to cathodic disbondment;

— resistange to ageing, brittleness and cracking;

— requirenjents for coating repair;

— possible|detrimental effects on the pipexmaterial;

— possible|[thermal cycling;

— resistan¢e to damage during-handling, shipping, storage, installation and service.

External coajings of line pipe,should be factory-applied, except for field joints and other special points, yhich
shall be coatgd on site.

Field joints $hould be protected with a coating system that is compatible with the line-pipe coating| The
coating should mgét or exceed the line-pipe coating specification and allow satisfactory application under the
predicted field‘eonditions. T

Thermally insulated pipelines should have an anti-corrosion coating between the pipeline and the insulation.

Pipelines in J-tubes should be externally coated. Possible coating damage during installation inside J-tubes
should be considered when selecting a coating.

9.5.3 Cathodic protection

Cathodic protection systems shall be designed, manufactured, installed and operated in accordance with
ISO 15589-1 for on-land pipelines and ISO 15589-2 for offshore pipelines.
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9.6 Monitoring programmes and methods

9.6.1 Requirement for monitoring

The requirements for corrosion monitoring programmes shall be established on the basis of the predicted
corrosion mechanisms and corrosion rates (see 9.2 and 9.4), the selected corrosion mitigation methods
(see 9.3 and 9.5) and safety and environmental factors.

The use of internal inspection tools should be considered if monitoring of internal or external corrosion or other
defects is required over the full length of the pipeline. Approximate rates or trends of corrosion degradation
may be determined by analysis of results of consecutive metal loss inspections.

An inspection of the pipeline soon after commissioning should be considered to provide a baseline for the
intergretation of future surveys.

9.6.2 Monitoring internal corrosion

9.6.2{1  Selection of techniques

The gelection of techniques for the monitoring of internal corrosion shall cansider
— anticipated type of corrosion;

— potential for water separation, erosion, etc. (flow characteristics);

— anticipated corrosion rate; see 9.2;

— fequired accuracy;

— available internal and external access;

— hindrance of the passage of pigs orinspection vehicles by internal obstructions.

NOTH Possible techniques include the installation of devices such as coupons or probes to give an indication of the
corrogion in the pipeline system, or petiodic analyses of the fluid to monitor its corrosivity.

9.6.2|2 Location of test points for local corrosion monitoring

Test |points for corrosion’ monitoring should be located along the pipeline or associated facilities, where it is
most|likely to obtaif.representative indications of corrosion in the pipeline.

9.6.3| Monitoring external condition

Accepsible sections should be visually surveyed periodically to assess the conditions of the pipgeline system
and, bwheére qpplinr‘l, the external r‘n:\fing Buried or Qllhmnrgnd pipnlinnc shall also be inspected when

exposed.

A more detailed, close visual examination of the coating shall be carried out periodically at locations with a
high probability of severe corrosion.

The requirements for periodic surveys of the coating of pipelines on land shall be determined, taking into
account the selected coating and predicted degradation, the soil type, the observed cathodic protection
potentials and current demands and known metal loss.

NOTE Applicable survey techniques are described in ISO 15589-1.
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9.6.4 Monitoring cathodic protection

Periodic surveys shall be carried out to monitor the cathodic protection in accordance with ISO 15589-1 and
ISO 15589-2.

9.7 Evaluation of monitoring and inspection results
All findings of the monitoring and inspection activities shall be analysed to

— review the adequacy of the corrosion management;

— identify [possible improvements;
— indicate ja requirement for further detailed assessment of the pipeline system condition;

— indicate [the requirement to modify the corrosion-management requirements.

9.8 Corrosion-management documentation

Documentatipn that describes the following shall be prepared in accordance with the requiremenis for
corrosion mgnagement given in 9.1 to 9.6:

— assessnjent of the corrosion threats and associated potentials for faildre;

— choice of materials and corrosion mitigation methods;

— selection of inspection and corrosion-monitoring techniques‘and inspection frequencies;
— any specific decommissioning and abandonment  requirements associated with the selected

corrosiop-management approach.

10 Construction
10.1 Geneixal

10.1.1 Construction plan
A constructign plan shall be{prepared before the commencement of construction to assist in the control ¢f the
work. This plan shall be_commensurate with the complexity and the hazards of the work and should coptain,
as a minimumn,

— a description 6fthe construction;

— ahealth cnfnh]/ and environment rr_\lan;

— aquality plan.

The description of the construction should include methods, personnel and equipment required for the
construction and working procedures.

NOTE Special construction, such as tunnels, landfalls for offshore pipelines, pipeline bridges and horizontal
directional drilling, can require supplemental pipeline installation procedures.

The health, safety and environment plan should describe requirements and measures for the protection of the
health and safety of the public, personnel involved in the construction and the environment. It should contain
the requirements of the relevant legislation and applicable standards, identification of hazards and measures
required for their control and emergency procedures.
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10.1.2 Construction near other facilities

All facilities that can be affected by the construction of the pipeline system shall be identified prior to beginning
the work.

Temporary provisions and safety measures necessary to protect the identified facilities during construction
should be established. Owners and/or operators of the facilities should be consulted when defining these
temporary provisions and safety measures and shall be given timely notification of the commencement of
construction.

EXAMPLES Other facilities can include existing roads and railways, watercourses, footpaths, pipelines, cables and
buildings-

10.1.B Plant, equipment and marine vessels

All major plant, equipment and marine vessels used for construction shall be inspécted beforge and during
consfruction to determine their suitability for the intended work in accordance with goéd engineering practice.

10.1.4 Transport and handling of materials
Handling, storing, transport and installation of materials shall be perfosmed in a manner tha{ prevents or
minimizes damage to pipes, fittings, components and coating. Transport and handling procedures may be
required. These procedures should identify the equipment being used’and the stacking requiremgnts.

NOTH API RP 5LW and API RP 5L1 provide guidance for the trahsport of line pipe.

Materials shall be inspected for damage and defects thaf*de not conform to the specifications. Th¢se materials
shall jnot be installed unless the damage and/or defect:has been removed or corrected.

10.2| Preparation of the route on land

10.2./1 Site inspections
Site inspections of existing conditions along the working width of the pipeline route shall be undertaken after
accegs to the route has been~granted and before commencement of construction. Repdrts of these

inspgctions shall state the condition of the items potentially affected by construction and record the mutual
appr¢val of all parties concerned.

10.2.2 Survey and marking

The pipeline route,“working width, buried structures and overhead structures shall be surveyed| and marked
prior fo constrdction. Marking shall be maintained in good condition during the construction period.

10.2.3 Preparation of the working width

Appropriate fencing shall be provided along the working width where required for public safety and to prevent
livestock from encroaching on the working width. Constraints or precautions that it is necessary to observe
within the working width shall be defined in the construction specifications.

EXAMPLES Such constraints or precautions include preservation of specific trees, disposition of trees and stumps,
separation of topsoil, drainage and scour and erosion prevention.

10.2.4 Blasting

Blasting shall be in accordance with relevant legislation and environmental constraints and shall be performed
by competent and qualified personnel.
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10.3 Preparation of the route offshore

10.3.1 Surveys

In addition to the survey requirements of 6.2.3, a pre-construction seabed survey should be performed along
the proposed pipeline route to identify potential hazards for the pipeline or construction operations.

10.3.2 Seabed preparation

Seabed survey data shall be analysed and seabed preparation undertaken, if necessary, to meet the strength
criteria in 6.4.2.

10.4 Weldi

10.4.1 Weld

Lg and joining

ing standard

Welding of the pipeline and primary piping shall be carried out in accordance with 1ISO 13847. Welding

secondary pi

ping shall be carried out in accordance with ISO 15649.

10.4.2 Weld|examination

Examination
except as all

The extent o

of welds in the pipeline and primary piping shall be performed.in‘accordance with ISO 1384
bwed for tie-in welds in 11.5, the weld examination shall be earried out before pressure-testir

the non-destructive examination for girth welds shall bé<as follows.

a) All weldg shall be visually examined.

b) A minim

um of 10 % of the welds completed each day:shall be randomly selected by the owner or ow

designated representative for examination by radiography or ultrasonics. The 10 % level should be

for pipel
that are

nes in remote areas, pipelines operating at’20 % or less of SMYS or pipelines transporting
low hazards to the environment or. personnel in the event of a leak. The percentage of

examingtion for other fluids and locations shall be selected appropriate to the local conditions

examingtion shall be increased to 100-% of the welds if lack of weld quality is indicated, but
subsequently be reduced progressively\to the prescribed minimum percentage if a consistent weld q
is demonstrated.

c) 100 % of the welds shall be examined by radiography or ultrasonics for the following circumstances:

— pipsglines designed to tfransport category C fluids at hoop stresses above 77 % of SMYS;

— pipselines desigfied to transport category D fluids at hoop stresses at or above 50 % of SMYS;

— pipsglines.designed to transport category E fluids;

bf the

y and,
g.

ner's
used
fluids
weld
The
may
uality

— pipsglines not pressure-tested with water;

— primary piping and sections of pipelines in stations and terminals;

— pipelines within populated areas, such as residential areas, shopping centres and designated
commercial and industrial areas;

— pipelines in environmentally sensitive areas;

— pipelines with river, lake, and stream crossings, including overhead crossings or crossings on
bridges;

— pipelines on railway or public highway rights-of-way, including tunnels, bridges and overhead
crossings;
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— pipelines in offshore and coastal waters;

— pipelines with tie-in welds not pressure-tested after installation.

Radiography or ultrasonic examination shall cover the weld over its full circumference. The examination shall
be appropriate to the joint configuration, wall thickness and pipe diameter.

Welds in secondary piping shall be examined in accordance with the applicable standard.

Welds shall meet the acceptance criteria specified in the applicable welding standard. Welds not meeting
these criteria shall be either removed or, if permitted, repaired and re-inspected.

10.4.

B Joining other than welding

Joining by other techniques shall be performed in accordance with approved procedures,

10.5

Coating

10.5.f1 Field joint coating

Field

10.5.

Coat
stand

Imme
entire

appli

joint coatings shall satisfy the requirements of ISO 21809-3.

P Coating inspection

ngs shall be visually inspected at the time of pipe installation to ensure compliance with
ard and application procedure.

diately before the pipe is lowered into the trench, or before the pipe leaves the installatio
coating surface shall be inspected, where accessible, using a holiday detector set to the cq
cable to the coating. Defects shall be marked and repaired before the pipe is placed in its

Whete coating damage or disbondment hasoccurred, the coating shall be removed, replaced ang

Coat
deted

10.6

ng on tie-ins, special assemblies.and pipe sections for crossings shall be inspected w
tor prior to installation.

Installation of pipelines on land

10.6.1 Pipe stringing

Strin

the specified

h vessel, the
rrect voltage
inal position.
retested.

th a holiday

ing shall be performed in accordance with written procedures that define access linpitations and
provisions for minimizing interference with local and public land use and include provisions for a
the working width.

10.6.2 (Field pipe bends

CCEeSs across

Pipes may be bent cold in the field to fit pipeline alignment and topographical conditions. Field bends shall be
made on bending machines that provide sufficient support to the pipe cross-section to prevent buckling or
wrinkling of the pipe wall and to maintain coating integrity.

The minimum bending radii should not be less than

— 20 D for pipe OD of less than 200 mm;

— 30 D for pipe OD of 200 mm to 400 mm;

— 40 D for pipe OD of over 400 mm.
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Field bends may be made to a shorter radius than shown above provided that, after bending, the ovality is not
greater and the wall thickness is not less than permitted by the design and that the material properties meet

the toughnes

s requirements specified for the line pipe.

Bends shall be free from buckling, cracks or other evidence of mechanical damage.

When bending pipe with diameters above 300 mm and with a diameter-to-wall-thickness ratio of greater than
70:1, consideration should be given to the use of an internal mandrel.

A test bend should be made to verify that the requirements of this subclause can be met.

Bends shou
Longitudinal

10.6.3 Excapyation

Trench depth

Trench side
working con
damage to th

The trench b
this is not pg
bedding mat
current to thq

When work
Precautions
atmosphere

be taken to @avoid damage to such structures. A minimum separation of 0,3 m shall be provided betwesg

outside of an
made to prot

10.6.4 Lows

Prior to lowe
be graded to

Equipment o
Lifting and o

10.6.5 Back
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weld seams should be placed near the neutral axis of field bends.

shall be sufficient to provide the cover specified in accordance with 6.8.2.1.
slopes shall be analysed to determine whether shoring or sloping is-required to provide
Hitions. Erosion-mitigation measures should be established to prevent trench instability
e environment.

bttom shall be flat and free from sharp edges or objects that can/damage the pipe or its coat
ssible, the pipe shall be protected by installing bedding material or mechanical protection

pipe surface.
s performed in the trench, it shall be widened and deepened to allow safe working condi
shall be taken prior to personnel entering -the "trench to ensure that a safe, non-flamr

s present. When trenching occurs adjacent te existing underground structures, precautions

y buried pipe and the extremity of any-ether underground structure, unless special provision
bct the pipeline and the underground-structure.

ring pipe

ing, the trench bottom shall be clean and free of objects likely to cause coating damage and
provide uniform suppaort'to the pipeline.

r methods used~for lowering the pipe into the trench shall not damage the pipe or its co
wering procedures shall such that the strength criteria specified in 6.4.2 are not exceeded.

fill

end.

safe
and

ng. If
Any

brial or mechanical protection shall not act as a shield to'the passage of the cathodic-protgction

fions.
hable
shall
n the
s are

shall

hting.

To avoid coaling damage, backfill should be carried out as soon as possible after lowering.

Flooded trenches should be pumped dry or drained prior to backfilling. When this is not possible and it is
necessary to backfill a flooded trench, care shall be exercised to ensure that liquefied backfill does not
displace the pipe.

Backfill materials or protective measures shall be selected to prevent damage to the pipe or its coating.

Field drains, ditches and other drainage systems interrupted during the work should be reinstated.

Backfill materials and installation methods under roads, footpaths, shoulders, banks and similar areas shall be
selected to ensure the stability and integrity of these facilities. When terrain, soil and water conditions are

present that can cause erosion, consideration shall be given to the installation of barriers to prevent land
slippage or washout.
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10.6.6 Tie-in

Tie-in procedures shall include provisions for controlling the pipe stress to the allowable strength criteria in
6.4.2. Procedures shall include consideration of the pipeline configuration, planned movement after tie-in and
temperature differences between tie-in and future operations.

10.6.7 Reinstatement

Reinstatement of the working width and other areas affected by construction shall be carried out in
accordance with procedures that meet the requirements of relevant legislation and agreements with
landowners and occupants.

10.6.B Crossings

All crpssings shall be carried out in a manner that meets the requirements of 6.2.1 and_ 10.1.2.

Whelfe watercourses are crossed by the open-cut method, consideration shall be‘given to the composition of

the 4

execlited in such a way that flooding of adjacent land does not occur.

Precautions shall be taken during installation to avoid impact, distortion of the pipeline or other ¢

cand

Insta
such

—

10.6.

Pipel

10.7

10.7.l Marine operations

10.7.1.1 Anchors and station-keeping

The
marir

instrumentation for monitoring drilling profile, alignment and pulling forces.

ottom, variation in banks, velocity of water, scouring and special seasqnal problems. W

ause pipe stress or strain to exceed the levels established in the\design.

lation procedures for horizontal directionally drilled crossings shall address the requireme
crossings, for example,

ontainment and disposal of drilling fluid;

election of abrasion-resistant corrosion coating;

D Markings

ne location markers shall be-placed as specified in 6.8.1.

Installation of offshore pipelines

stationskeeping system should have adequate redundancy or back-up systems to ensu
e’vessels or installations are not endangered by its partial failure.

ork shall be

bnditions that

nts unique to

e that other

Construction vessels using anchors to maintain position should do so in accordance with a predetermined
anchor pattern. The anchor pattern should be shown on a bathymetric chart to a suitable scale, containing the
following information, as appropriate:

— position of each anchor and each cable touchdown point;

— location of existing pipelines and installations;

— vertical clearance between anchor cables and pipelines;

— proposed pipeline route and lay corridor;
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tempora

construc

ry works present during the construction period;

anchor patterns of other vessels in the vicinity;

tion-vessel position;

prohibited anchoring zones;

wrecks and other potential obstructions.

To prevent damage to existing facilities, minimum clearances shall be established between anchor and anchor

cables and fi

All anchors transported over subsea installations or pipelines should be secured on the deck of+the an

handling ves
indicator.

10.7.1.2 Contingency procedures

Prior to begif

a) worksite
b) pipe bug
c) lossofc
d) abandor

10.7.1.3 Notifications

Prior to cong
cables that v
appropriate €

10.7.2 Survey and positioning systems

Horizontal su
vessels, pip§
have sufficig
documents.

system of gre¢ater accaracy than that required for pipeline placement.

The survey
includes a sH

xed structures, subsea Installations or other pipelines.

sel. Construction-vessel anchor winches should be equipped with a cable length and

ning the work, contingency procedures shall be prepared. These should’include
abandonment;

kles (wet and dry);

pating;

ment and recovery of the pipeline.

truction of offshore pipelines, notification shall be given to operators of existing pipelineg
ill be crossed during pipeline construction or pipeline tow. Notification shall also be given {
ntities, such as coastguard, fishermen and other users of the sea.

rface positioning, either satellite- or land-based, should form the basis for locating constrt
line position and“points of reference for local positioning systems. The positioning system
nt accuracy to\allow placement of the pipeline within the tolerances specified in the d
Operations sin~congested areas and work requiring precise location can require a positi

system used offshore shall be correlated with the onshore survey system when the pif

chor-
load

and
o the

ction
shall
Esign
bning

eline

oreline crossing.

10.7.3 Pipe

laying

Pipe should be specified and ordered in lengths to suit the spacing of lay-barge work stations, such that

variations in

length do not disrupt operations.

The pipe-laying and tensioning systems shall be capable of laying the pipeline without exceeding the strength

criteria in 6.4

The critical s

.2 and shall be designed to prevent damage to the coating and anodes.

upport points of the pipeline on the stinger should be monitored by video.

Buckle detectors should be used during pipe laying to detect reductions in diameter of the pipe. Detectors
shall be capable of determining diameter changes of 5 % or greater.
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Instrumentation should be provided to monitor and record the parameters required to demonstrate that the
allowable strength criteria in 6.4.2 are not exceeded.

Pipelines installed by towing into position, either on the bottom, off-bottom or on the surface, can require a
monitoring and/or guard vessel to prevent interference with the towed pipeline by other vessels.

Construction plans for the J-lay and reel barge methods shall address the unique stress levels and tensioning
requirements associated with such methods.

10.7.4 Landfalls

Land
strair

10.7.

Tren
opera
be m

alls by bottom pull, directional drilling or other methods shall not cause the pipeline desig
s to exceed the strength criteria in 6.4.2 or damage to coating and anodes.

b Trenching

hing depth and profile should be selected to ensure that the pipeling' stresses duri
tions do not exceed the strength criteria in 6.4.2. Loads imposed on the pipeline during trer
bnitored. Consideration shall be given to the extra loads imposed if the-pipeline is flooded. |

h stresses or

ng trenching
ching should
fonitoring for

boulders, debris and excessive spanning should be carried out. Trenchingsmethods and equipment shall be
selegted to prevent damage to the pipe, coating and anodes and should be'suitable for the soil cgnditions.
Post{ay and simultaneous-lay trenching equipment shall be proyided with instrumentation that ponitors and
records the parameters required to demonstrate that the strength criteria are not exceeded.

EXAMPLES Acceptable trenching methods include jetting, ploughing, mechanical cutting for rock or pard soils and
dredgjng.

10.7.p Backfilling

Backjill material shall be placed in a controlled manner to prevent pipe and pipe-coating damage and to
ensufe the specified grading, cover and-.profile requirements are met. Backfill profiles shall b¢ selected to

minin

10.7.

The

consfruction of the crossing,

If pre
accu
Cross
anch

HoriZ

nize interference with fishing and ofher third-party activities.

7 Crossings of other pipelines and cables
location, position and-~condition of a pipeline or cable being crossed shall be detern
set supports are specified, the position of the existing pipeline or cable and the crossing f
ately established prior to installing supports. The installation of supports should produ
ing profilesthat minimizes the risk of damage to either structure from external forces s

brs anddishing equipment.

ontal*surface positioning systems shall be supplemented by an on-bottom positioning syst

of th

hined before

oint shall be
e a smooth
uch as from

bm. Because

cloca tolaranecac racrirad tha ~racoinea tnctallatinn chan A ha st raAd th ~Arnfieas that +

he structures

C—oroSCtoICTacCoToquirTty

M CTroo o g otaat O oot oC T oMo T U—to—Cor T tat U

are in their correct position.

10.7.8 Spans
The pipeline shall be surveyed for the presence of spans, and span rectification shall be performed, where

required, to satisfy the strength-criteria limitations of 6.4.2. The potential for scour and the stability of supports
or imported material shall be established.

10.7.9 Tie-ins

Construction procedures for tie-ins shall include provisions for controlling the pipe stress to the allowable
strength criteria in 6.4.2.
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10.8 Cleaning and gauging

Following construction, the pipeline sections should be cleaned by the passage of cleaning pigs or similar
devices to remove dirt, construction debris and other matter.

Gauging pigs or devices that check for ovality and internal obstructions should be passed through each
section before testing. The gauging-plate diameter shall be no less than 95 % of the smallest nominal internal
pipe diameter of the pipeline, except that in no case should the clearance between the gauging plate and the
pipe wall be less than 7 mm.

10.9 As-built surveys

Upon complltion of construction, an as-built survey shall be performed to record the accurate location’¢f the
pipeline, crogsings, adjacent features, spans and associated appurtenances.

10.10 Conpstruction records

Permanent fecords in reproducible and retrievable form that identify the locationcand description df the
pipeline systém shall be compiled upon completion of the work and shall include theZfellowing:

— as-built $urveys;
— welding documentation;
— as-built grawings and technical specifications;

— construgtion procedures.

11 Testing

11.1 General

Pressure-testing shall be in accordance with*6.7.

The number pf test sections should-be minimized. Selection of test sections shall take into account
— safety of personnel and the-public, and the protection of the environment and other facilities;
— construgtion sequence;

— terrain apd access;

— availability-and disposal of test water.

If the test medium is subject to thermal expansion during the test, provisions shall be made for relieving
excess pressure.

Equipment that should not be subjected to the test pressures shall be isolated from the pipeline during testing.
Valves should not be used as end closures during pressure-testing, unless rated for the differential pressure
across the valve during testing. All devices used as end closures shall have sufficient strength to withstand the

test pressure.

Temporary testing manifolds, temporary pig traps and other testing components connected to the test section
shall be designed and fabricated to withstand the design pressure of the pipeline.
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Individual components and fabricated items, such as pig traps, manifolds, metering skids, block valve
assemblies, pipe for crossings (stream, road or railway), risers and tie-in assemblies, may be pretested in
accordance with the provisions of this International Standard. Pre-tested assemblies shall be tested to at least
the strength test pressure of the pipeline.

11.2 Safety

Work on, or near, any part of a pipeline system under test shall not be permitted for the period from the start of
the increase in pressure to the reduction in pressure at the end of the test, except where necessary for the
testing.

Warrfing signs shall be placed and the pipeline route, patrolled as appropriate o prevent.afcess to the
pipeline during the test.

In the case of pneumatic testing, the hazards from energy stored in the pipeline shall-be'taken|into account
when designing the safety requirements.

The gafety of the public, construction personnel, adjacent facilities and the protection of the envifonment shall
be erjsured when depressurizing the test medium. If air or gas is used as a test.medium, it shall be relieved by
reduging pressure in a controlled manner.

11.3| Procedures

11.3.l Written procedures

Writtxn procedures for strength and leak tests shall be.prépared prior to the beginning of testlng and shall
inclugle the requirements of 6.7 and the following:

— profile, which should indicate the pipe grade-and wall thickness, and length of each test se¢tion with the
test pressure specified for each end of pipe(Section being tested;

— gafety provisions;

— requirements for continuous monitoring; see 11.6 and 11.7;
— gource and composition of test water and its disposal;

— equipment requirements;

— pressures and-durations;

— ¢valuationof test results;

— |paK-finding.

11.3.2 Communications

Communications should be provided between all points manned during the test.

11.3.3 Water quality

Water for testing and flushing should be clean and free from any suspended or dissolved substance that can
be harmful to the pipe material or internal coating (where applied) or that can form deposits within the pipeline.
Water samples should be analysed and suitable precautions taken to remove or inhibit any harmful
substances. Consideration shall be given to the control of internal corrosion in accordance with 9.2, and the
monitoring of internal corrosion in accordance with 9.6.2.
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itors and additives

If hydrostatic test water analysis or procedures indicate that inhibitors and additives, such as corrosion
inhibitors, oxygen scavengers, biocide and dyes, are necessary, then consideration shall be given to their
interaction and the effect on the environment during test-water disposal. Consideration shall also be given to
the effect of any such additives on the materials throughout the pipeline system.

11.3.5 Fillin

g rate

Filling shall be performed at a controlled rate. Pigs or spheres may be used to provide a positive air-to-water
interface and to minimize air entrainment. All locations in which air can be trapped, such as valve bodies and

bypass pipin

When the pi
running ahea

D, should De vented during the Tilling and sealed prior 10 beginning the hydrostaticC test.

beline traverses steep terrain, provisions should be taken to prevent the pigs or spheres
d of the linefill and creating a safety concern at the end of the fill section. Considgration s

be given to the use of a pig-tracking system and to the use of backpressure to control the pig.speed.

11.3.6 Airc

Where the a
accounted fo

NOTE TH
initial filling an

bntent

r content can affect the accuracy of the hydrostatic test, the air content’shall be determine
r during the evaluation of the test results.

e assessment of air content can be carried out by constructing a plot\of pressure against volume duri
i pressurization until a definite linear relationship is apparent.

11.3.7 Temperature stabilization

Prior to begi
water to stab

ning the hydrostatic pressure test, time should-be allowed after filling for the temperature
lize with the ambient temperature.

11.3.8 Temperature effects and correlations

Correlations
the possible

11.3.9 Leak

Leak detectiq

11.4 Accey

The pressurg

11.5 Tie-in

Tie-in welds

that show the effect of temperature_changes on the test pressures shall be developed to a
Hifferences between the initial and.final test pressures and temperatures.

finding
n and location procedures shall be developed as part of the hydrostatic test procedure.

ptance criteria

test shallkmeet the requirements of 6.7.

F following testing

from
hould

| and

ng the

bf the

bSESS

not subjected to a strength test after tie-in shall be examined in accordance with 10.4.2 c).

Non-welded tie-in connections not pressure-tested after construction should be leak-tested at the

commencem

ent of operation at the maximum available pressure but not exceeding MAOP.

11.6 Testing equipment

Hydrostatic testing equipment should include the following:

deadwei

54

ght tester or other device with equivalent accuracy;

pressure gauges;
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volume-measuring equipment;
temperature-measuring equipment; and

pressure- and temperature-recording equipment.

Current certificates of calibration that identify the instrument with the calibration certification shall be provided.

11.7 Test documentation and records

Test records shall be retained for the life of the pipeline system and shall include the following:

test procedure;
pressure and volume change at half-hour intervals over the test period;

geawater, underground and air temperature, where appropriate, and weather conditio
intervals;

pressure-recording charts;

test instrument calibration data;

mame of the operator;

mame of the person responsible for making the test;
mame of the test company, if used;

date and time of the test;

minimum and maximum test pressures at the test site;
fest medium;

test duration;

test acceptance signature;

description of the-facility tested and the test apparatus;

xplanation ‘and disposition of any pressure discontinuities, including test failures, that a
ressure-recording charts;

here ‘elevation differences in the section under test exceed 30 m, a profile of the pipe

ns at hourly

bpear on the

line showing

levations and test sites over the entire length of the test section.

11.8 Disposal of test fluids

Test fluids shall be disposed of in such a manner as to minimize damage to the public and the environment.

11.9 Protection following test

Test fluids shall not be left in the pipeline or piping following testing, unless provisions identified in accordance
with 9.2 have been incorporated.

If water is used as a test medium in cold regions, provisions shall be made to prevent freezing of the test
water.
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12 Pre-commissioning and commissioning

12.1 General

Written procedures shall be established for pre-commissioning and commissioning. Procedures shall consider
the characteristics of the fluids, the requirement to isolate any part of the pipeline system from other
connected facilities and the transfer of the constructed pipeline system to those responsible for its operation.

Pre-commissioning and commissioning procedures, devices and fluids shall be selected to ensure that
nothing is introduced into the pipeline system that is incompatible with the fluids, or with the materials in the
pipeline system components.

12.2 Cleanjing and gauging procedures

Consideration shall be given to the requirement for cleaning and gauging the pipeline system beyond that
required in 1.8.

Additional cl¢aning can be required to remove the following:

— particled, including residue from testing and mill scale;

— metallic particles that can affect intelligent-pig result interpretation;

— chemicadl residue from test water inhibitor;

— organisms resulting from test water;

— construdtion devices, such as isolation spheres used for.tie-ins.

Additional gguging can be required to prove the suitability of the pipeline for intelligent pigging.
Cleaning and gauging procedures shall consider the;following:

a) protectign of components from damage by, cleaning fluids or devices;

b) removal|of particles that can contaminate the fluid;

c) removallof metallic particles that/can affect intelligent pigging devices.

12.3 Drying procedures

Drying methiods should\be selected on the basis of the requirement for dryness to meet the quality
specifications$ of the_transported fluids.

Dryness critgria”shall be established as a water dew-point temperature. Drying procedures shall considTr the
following:

— compatibility with the transported-fluid quality specifications;

— effect of drying fluids and devices on valve seal materials, pipeline internal coating and other
components;

— corrosion potential caused by a combination of free water and the drying fluids, especially for H>S and
CO2 corrosion potential;

— removal of water and drying fluids from valve cavities, branch piping and other cavities in the system
where such fluids can be retained;

— effect of hydrate formation during commissioning.
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EXAMPLES Drying methods include swabbing with drying fluids or gels, air or nitrogen purging, vacuum drying or
using the transported fluid itself.

12.4 Functional testing of equipment and systems

As a part of commissioning, all pipeline-system monitoring and control equipment and systems shall be fully
function-tested, especially safety systems such as pig-trap interlocks, pressure- and flow-monitoring systems,
and emergency pipeline-shutdown systems. Consideration should also be given to performing a final test of
valves prior to the introduction of the transported fluid to ensure that they operate correctly.

12.5 Documentation and records

Pre-gommissioning and commissioning records that shall be retained should include
— ¢leaning and drying procedures;
— ¢leaning and drying results;

— function-testing records of pipeline system monitoring and control equipmernt.

12.6| Start-up procedures and introduction of transported fluid

Writtén start-up procedures shall be prepared before introducing ‘the transported fluid into the pigeline system
and ghall require the following:

— that the pipeline system should be mechanically complete and operational;
— that all functional tests should be performed and’accepted;

— that all necessary safety systems shall be*gperational;

— that operating procedures shall be available;

— that a communication system shall be established,;

— that the completed pipeline-system be formally transferred to those responsible for its operatipn.

During filling with the fluid/ the rate of fill shall be controlled and the fluid pressure shall not Be allowed to
excegd permitted limits:

NOT Filling \rates can be critical for certain fluids to prevent detonation, layering of gases, ynstable dusty
atmogpheres, ete.

Provisions shall be taken to prevent hydraulic lock during filling of pipelines with liquid.

Consideration shall be given to carrying out leak checks during the filling process.

13 Operation, maintenance and abandonment

13.1 Management

13.1.1 Objectives and basic requirements

A management system shall be established and implemented to ensure safe and reliable operation of the
pipeline system.
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ment system shall include the following:

system, and for key activities;

ate organization;

written plan covering operating and maintenance procedures;

API STD 1160, ASME B31.8S, CEN/TS 15173 and CEN/TS 15174 give guidance on integrity management.

identification of personnel responsible for the management of the operation and maintenance of the

Mergency response plan, Covering failure of pipeline systems and other INncidents;
ermit-to-work system;
lan for the control of change of design conditions.

he management system shall specify the requirements for training, liaison with third partie
ecords.

n, maintenance, modifications and abandonment of the pipeline system shall be carried
vith the plans.

ment systems shall be reviewed from time to time as experiénce dictates, and as changes
hditions and the environment require.

pting and maintenance plan
j and maintenance plan shall include

res for normal operations and maintenance;

requirenpents for personnel communications;

he issue of procedures to cever non-routine operations and maintenance.
ating and maintenance)procedures

d maintenance pfecedures shall define

| and functional responsibilities and tasks;

ry safety precautions;

s'with other pipeline systems and installations;

5 and

but in

n the

information and references to applicable rules and guidelines.

Procedures for dealing with interfaces with other pipeline systems and installations should be developed in
consultation with their operators.

NOTE

13.1.4 Incid

Annex E provides guidance on the possible content of the operating and maintenance procedures.

ent and emergency-response plan

The incident and emergency-response plan shall define the requirements for personnel and equipment for
responding to incidents and emergencies, and for training.
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The effectiveness of the plan shall be tested periodically through desk and field simulations of incidents and
emergencies. Simulations may be carried out in cooperation with operators of other pipeline systems or
facilities, organizations and individuals who are directly affected by an incident or emergency or who
contribute to the response.

Causes of incidents and emergencies should be identified and analysed, and actions necessary to minimize

recur

rence implemented.

NOTE Annex E provides guidance on the content of the emergency procedures.

13.1.5 Permit-to-work system

The
perm

The permit-to-work system should specify requirements for

— 1

— reviewing the effectiveness of the permit-to-work system;

—

—

— handover between shifts.

The permit-to-work should

a) ¢

b) i

c) reference other relevant wark permits;

d) s
e) 3
13.1.

Train

informing personnel controlling the pipeline system of the{,work activity and all rg
fequirements;

bermit-to-work system shall define the activities to which it applies, the personnel authotiz
t-to-work and the personnel responsible for specifying the necessary safety measures:

Faining and instruction in the issue and use of permits;

isplay of permits;

ontrol of pipeline system operation in the event of stispension of the work;

efine the scope, nature, location and\timing of the work;

hdicate the hazards and define'\necessary safety measures;

tate the requirementsfor returning the pipeline system to service;
tate the authgrization for execution of the work.
b Training

ng of personnel should include, where relevant,

pd to issue a

lated safety

— familiarization with the pipeline system, potential hazards associated with the fluid, and procedures for
operations and maintenance;

— the use of permits-to-work;

— the use of protective equipment and fire-fighting equipment;

— provision of first aid;

— response to incidents and emergencies.
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13.1.7 Liaison

Contacts should be established and maintained with appropriate organizations and individuals, such as

operator

fire, police, coast guard and other emergency services;

regulatory and statutory authorities;

s of public utilities;

operators of other pipelines that connect to, cross, or run in close proximity to the pipeline;

member

third par
Pipeline rout
NOTE A

construction i
soliciting infor

5 of the public living in close proximity to the pipeline system;

owners and occupiers of land crossed by the pipeline;

lies involved in any activity that can affect, or be affected by, the pipeline system:
e maps should be deposited with statutory authorities or “one-call” organizations, as appropr|

"one-call" organization collects information on underground facilities)and, following notificati
the area, advises the presence of these facilities. Local legislation’can stipulate the requiremg
ation on the presence of underground utilities before commencement of work.

13.1.8 Records

Records of o

demons]
mainten

provide
plans;

provide

NOTE A

13.2 Opers

13.2.1 Fluid

Procedures
permitted by

perating and maintenance activities shall be prepared ‘and retained to

he information necessary forlassessing the integrity of the pipeline system.

nex F provides guidance-on the retention of records.
tions

parameterimonitoring

for the “Operation of the pipeline system should define the envelope of operating cond
the\design, and the operating requirements and constraints for the control of corrosion.

ate.

bn  of
nt for

rate that the pipeline system is operated and.maintained in accordance with the operating and
bhnce plans;
the information necessary for reviewing the effectiveness of the operations and mainter]

ance

tions
Fluid

parameters 9

hould be monitored to establish that the pipeline system is operated accordingly.

Procedures for the operation of multi-product pipeline systems should include requirements for the detection,
separation and prediction of arrival of batches.

Procedures for the operation of multi-phase pipeline systems should include requirements for control of liquid
hold-up in the pipeline and free volume in the slug catcher.

Deviations from the operating plan shall be investigated and reported, and measures to minimize recurrence

implemented
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13.2.2 Stations and terminals

Procedures for the operation of stations and terminals should include requirements for start-up and shutdown
of equipment, and for the periodic testing of equipment, control, alarm and protection devices.

13.2.3 Pigging
Procedures for pigging operations should include requirements for

— confirming that the pipeline is free of restraints or obstructions for the passage of pigs;

— ¢ontrol of pig travelling speed;

— gafe isolation of pig traps;

— g¢ontingencies in the event of a stuck pig.
13.2.4 Decommissioning

Consjderation should be given to decommissioning pipeline systems planned to be out of sgrvice for an
exterlded period. The removal of fluids shall be in accordance with 13,3.7.

Decommissioned pipeline systems, except when abandoned, shall be maintained. Buried or| submerged,
decofnmissioned pipelines shall be cathodically protected unless.abandoned.

13.2.p Recommissioning

The ¢ondition of a decommissioned pipeline systemcshall be established and its integrity confirmed before re-
comnissioning.

Pipel[ne filling shall meet the requirements of12.6.
13.3| Maintenance

13.3.1 Maintenance programme

Maintenance programmes-shall be prepared and executed to monitor the condition of the pipelinI system and
to provide the informatioh.rniecessary to assess its integrity. Factors that shall be considered when defining the
requifements for condition monitoring include
— pipeline system design;

— as-built-condition;

—  nesults of earlier inspections:
r 7

— predicted deterioration in the condition of the pipeline system;
— adverse site conditions;
— inspection time intervals;

— requirements of relevant legislation and statutory authorities.

EXAMPLE Possible deteriorations in pipeline condition include general and pitting corrosion, changes in the pipewall
geometry (such as ovality, wrinkles, dents, gouges), cracking (such as stress corrosion and fatigue cracking), changes in
the pipeline position, support or cover, and loss of weight coating.
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Unfavourable results, such as defects, damage and equipment malfunctioning, shall be assessed and
corrective action taken where necessary to maintain the intended integrity.

The maintenance programmes shall cover the complete pipeline system, including fire-fighting and other
safety equipment, access roads, buildings, security provisions such as fences, barriers and gates, means of
identifying the pipeline, its components and the fluids it carries, and notices. Particular attention should be
paid to pipeline system protection and safety equipment.

13.3.2 Route inspection

13.3.2.1 General

The pipeline
detect factor
be recorded

13.3.2.2 Pipelines on land

The right-of-
facilities. Pip
necessary, a
Surveys sho
— encroac
— mechan
— third-pan
— change
— fire;

— mineral

— ground 1

— soil erog

— condition of water crossings, such as sufficiency of cover, accumulation of debris, flood or storm dan

The requirer
pipelines on

route, including the right-of-way for pipelines on land, shall be periodically patrolled/survey
5 that can affect the safety and the operation of the pipeline system. The results of surveys
and monitored.

way should be maintained to provide the necessary access to the-pipeline and assoq
(dditional markers should be installed in areas where new developments take place.
ild identify

hments;

cal damage to above-ground and exposed pipeline sections and leakages;

ty activities;

pf land use;

pxtraction/mining operations;
novement;

jon;

hents«for the route inspection of offshore pipelines in 13.3.2.3 shall also apply to sectio
and\crossing large rivers and estuaries.

ed to
shall

iated

bline markers shall be maintained to ensure that the route of the pipeline is clearly indicated. If

age.

ns of

13.3.2.3 Offshore pipelines

Surveys of the pipeline and adjacent seabed should identify

— mechanical damage to the pipeline, including leakage;

— evidence of pipeline movement;

— extent of marine growth;

— condition of the adjacent seabed, including the presence of foreign objects;
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— extent of any free spans;

— extent of any loss of cover along the buried or protected sections;

— extent of any loss of weight coating;

— extent of bank erosion or deposition of material;

— security of pipeline attachments, including anodes and clamps on piggy-back pipelines.

13.3.

13.3.

3 Mechanical condition monitoring

B.1 Corrosion

The Jmaintenance programmes shall include the requirements for corrosion monitoring established for
corrosion management in accordance with Clause 9.

The quality and performance of corrosion inhibitors should be verified periodically to ensure thaf they remain
effective.

13.3.3.2 Adverse ground conditions and vibration

Surveillance in areas with adverse ground conditions, as idefitified in accordance with 6.10, shall be
implgmented.

Proce¢dures shall be established to cover the protection af\all pipelines and associated facilities |n the vicinity

of blgsting or any other activity resulting in ground vibrations that can affect the integrity of the pigeline system.

Such

13.3.

The

procedures should state the maximum allowapje effect on the pipeline system.

i Leak detection and surveys

performance of the leak-detection system should be reviewed and tested periodicall

/ to confirm

compliance with the requirements of 5.5. Records should be kept of alarms and leaks fo assist the

perfo
shall

13.3.

13.3.

Above-ground¢pipelines, piping and pipe supports should be inspected for corrosion, mechan

stabi

Barri
be m

rmance review. Where appropriate, leakage surveys should be carried out. The type of su
be effective for determining.if)potentially hazardous leakage exists.

b Facilities, equipment and component monitoring

5.1 Above-ground pipelines, piping and overhead crossings

ity and-corncrete degradation.

brS-designed to restrict access or to resist third-party impact to above-ground pipelines and

vey selected

cal integrity,

biping should

HIS i ol
alritalricu.

13.3.5.2 Valves

Valves should be inspected periodically, moved and/or tested for proper operation. Where it is required to fully
operate a valve, due account should be taken of the permissible pressure drop across the valve.

Remotely operable valves and actuators should be tested remotely to ensure the correct functioning of the
whole system.

Pressure vessels associated with valve actuators shall be inspected and tested periodically.
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13.3.5.3 Protection devices

Protection devices, including actuators, associated instrumentation and control systems, shall be inspected
and tested periodically. The inspection and testing shall cover

condition;
verification of proper installation and protection;

correct setting and activation;

inspectid

EXAMPLE
quick-connect

Emergency
tested period
are acceptal

Particular att

13.3.5.4 Pi

Pig traps an

n tor leakages.

Protection devices include pressure control and overpressure protection, emergency shutdown)isolations,

disconnect connectors, storage tank level controls, etc.

hutdown valves, including actuators and associated control systems, should-be inspected and

ically to demonstrate that the whole system functions correctly and that valve-seal leakage
le.

bntion shall be paid to storage tank level controls and to relief valvesion pressure storage ve

g traps and filters

J filters with “quick-release” closures, together with assogiated equipment, shall be mainta

with special attention given to the locking closure mechanism, which shall be periodically tested.

Temporary o
during transif

13.3.5.5

Instrumentat
safe operatio

Maintenance
maintenance

I transportable pig traps should be inspected befere use for signs of mechanical damage cz
or installation.

Instrumentation

on, telemetry systems and the data“acquisition, display and storage systems essential fq
n of the pipeline system shall be ‘examined, tested, maintained and calibrated.

procedures should covep-the’ control of temporary disarming or overriding of instrumentatio
or other purposes.

13.3.5.6 Risers

Risers on off
“splash zone

the cong

shore installations shall be inspected periodically with particular attention paid to sections
". These inspections should cover

ition of the riser pipe, including any loss of wall thickness, particularly under riser clamp

guides;

rates

ssels.

ined,

used

r the

n, for

n the

5 and

64

the condition of impact protection, fire protection, protective coatings, cladding and fitted anodes;
the condition of riser flanges or couplings;

the condition of attachment or clamping arrangements, and associated supporting structure;
changes in position of the riser;

the extent of marine growth;

the corrosion protection in enclosed J-tubes or caissons.
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13.3.5.7 Pipelines in sleeves or casings

The inspection of pipeline sections in sleeves or casings shall cover

— the condition of pipeline and sleeve or casing;

— the electrical isolation between the pipeline and sleeve or casing;

— leakage into, or from, pressurized sleeve or casing systems.

13.3.5.8 _Storage vessels and tanks

Storg
—

— 1

— 1
—
13.3.

Inspq

ge vessels and tanks, atmospheric and pressurized, shall be inspected to cover
he stability of foundations;

he condition of tank bottom, shell, stairs, roof and seals;

enting and safety valve equipment;

he condition of firewalls and tank bunds/dikes;

ondition and blockage of drain lines.

6.9 Pipeline systems in arctic conditions

ction of pipeline systems in arctic conditions shall:include

— nequirements for surveillance defined in accordance with 6.10;

inspections and surveillance during and\after spring ice break-up to monitor frost heave and
floods;

— ieriodic inspection and surveillance of pipeline and piping exposed to wind-induced v

Procgdures shall address requirements for snow removal from structures that are exposed to hea

13.3.

13.3.

If a d
time

articular attention to circumferential welds and threaded joints.

b Pipeline and.piping defects and damage

b.1 Initial ‘actions

erosion from

bration, with

vy snowfall.

efectior*damage is reported, the pipeline pressure shall be maintained at or below the pr¢ssure at the

he defect or damage was first reported.

A preliminary assessment shall be carried out by a competent person and, if any unsafe condition is found,
appropriate action shall be taken immediately.

13.3.6.2 Examination, inspection and assessment of defects

Care shall be exercised during preparation and examination of damaged and pressurized pipelines because
of the possibility of sudden failure. Consideration should be given to reducing the pipeline operating pressure
to ambient conditions, e.g. when divers are to conduct an examination of an underwater pipeline, or to a
stress level that does not lead to pipeline rupture.

Procedures shall be established for assessment of pipeline defects and damages.
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Defects and damage permitted under the original fabrication and construction specifications may remain in the
pipeline without further action.

For other defects, further assessment should be made to determine their acceptability or the requirement for
pressure-derating, repair or other corrective action. These assessments may include the review of

as welds or heat-affected zones;

details of the original design and fabrication specifications;

inspection and measurement data, including orientation of the defect and proximity to other features such

actual p
possible
possible
operatin
consequ

monitori
13.3.7 Pipel

13.3.7.1

Repair procs
reinstate the

NOTE D¢
including crag
coating defect
movement (su

13.3.7.2 Is
The selectior
hazards

required

the dura

possible
isolation

EXAMPLES
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e-matertal mechanical and chemical properties;
modes of failure;

growth of the defect;

j and environmental parameters, including effect on pigging operations;
ences of failure;

ng of the defect where possible.

fne and piping repairs and modifications

General

dures shall cover the selection of repair techniques and the execution of repairs. Repairs
intended integrity at the location of the defect.or damage.

bfects and damage can be grouped under a.humber of headings, including: pipewall defects (such as
king caused by stress corrosion and_fatigle, gouges, dents, corrosion, weld defects, laminations)

ch as upheaval buckling, frost heayve and landslip, which can also result in buckling, denting or crackin
plation
of an isolation methoedshould take into account
associated with.the fluid;
availability)of the pipeline system;

fion‘of{the work activity;

shall

racks
pipe

s (such as loss of wrap or concrete'\coating); loss of support (such as spanning of pipelines); andl pipe

~

J).

the need for redundancy in the isolation system;

effect on materials;

of interconnected vents, drains, instrumentation piping and “dead legs”.

Possible isolation techniques include removable spools, spectacle blinds, valves, pipe freezing or freeze
blocking, line plugging, high friction pigs, inert fluid slugs.
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13.3.7.3 Venting and flaring

Hazards and constraints that should be considered when planning to vent or flare are

— asphyxiating effects of vented gases;

— ignition of gases by stray currents, static electricity or other potential ignition sources;
— noise-level limits;

— hazard to aircraft movements, particularly helicopters in the vicinity of offshore installations and terminals;

— blydrate formation;
— V\alve freezing;

— embrittlement effects on steel pipework.

13.3.f.4 Draining

Liquigls may be pumped, or pigged, out of a pipeline system using water or an inert gas. Hazards and
consfraints that should be considered when planning to drain include:

— asphyxiating effects of inert gases;

— protection of reception facilities from overpressurizatiof,

— drainage of valve cavities, “dead legs”, etc.;

— (dlisposal of fluids and contaminated water;

— Buoyancy effects if gas is used to displace liquids;

— g¢ompression effects leading to ignition of fluid vapour;

— ¢ombustibility of fluids at increased pressures;

— accidental launch of stuck pigs by stored energy when driven by inert gas.
13.3.f.5 Purging

Hazards and constraints that should be considered when preparing for purging include

— Isphyxiating effects of purge gases;

— combustion, product contamination or corrosive conditions when reintroducing fluids.

13.3.7.6 Cold cutting or drilling

Procedures for cold cutting and drilling shall specify the requirements for preventing the accidental release or
ignition of the fluid, and other unsafe conditions.

Where appropriate, the section of pipeline or piping being worked on shall be isolated, depressurized by
venting, flaring or draining and purged.

A temporary electrical continuity bond should be fitted across any intended break in an electrically conductive
pipeline before making such breaks.
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