INTERNATIONAL ISO
STANDARD 13623

Third edition
2017-09

Petroleum and natural gas
industries — Pipeline transportation
systems

Industries du pétrole et du gazmaturel — Systémes de trapsport par
conduites

Reference number
1SO 13623:2017(E)

©1S0 2017


https://standardsiso.com/api/?name=7e0e4ba7d568e5844bedd4664537a071

IS0 13623:2017(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2017, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=7e0e4ba7d568e5844bedd4664537a071

IS0 13623:2017(E)

Contents Page
0 Sk 740 o OO viii
0 U 00 X0 1D ot 0 ) OO ix
1 S0P ... 1
2 L0 00 B T AT o <Y (=) =) 4 o = 3
3 Terms, definitions and SYMDOLS ... 4
3.1 Terms and definitions
3.2 Sylll‘UUib ..............................................................................................................................................................................
4 (T2 1 1) o= | T, A I 7
4.1 Health, safety and the environment. ... d e 7
4.2 COMPETEIICE ASSUTAIICE ..o e s 7
4.3 Compliance
4.4 2T el0 ] (6 (3 S
5 Pipeline System d@SiZIN................ciiieesiee oo Sagshrssssseessssesssssessseesssse 7
5.1 System definition ... 7
5.2 Categorization of fluids.. .. 8
5.3 Hydraulic analysis ... .8
5.4 Pressure control and overpressure protection .. ahd. e 8
5.5 Requirements for operation and maintenanCet. .. ... 9
5.6 Public safety and protection of the environmMeERT. ... e 9
6 Design of pipeline and primary piping ... s e e 9
6.1 Design principles
6.2 2O Y LW SIRT=] [=Totu (o ) o WO
(ST R 070 173 T 1<) ir= 18 (o ) 6 K-
6.2.2  Surveys — On-land pipelines
6.2.3  Surveys — OffShoFEPIPElINesS ... e 11
6.3 I 7= 6 T
6.3.1 General......7.
6.3.2  Functionalleads......
6.3.3  Environmental loads.......
6.3.4  Construction loads.......
6.3.5 Accidental loads.....
6.3.6 . CombIiNation Of IOAAS ...
6.4 SErenG R T@QUITEIMEITS ..o
6.4.1 Calculation of stresses
642  Strength criteria ...
6.5 Stability......cccovcis
6,6 Pipeline spanning.........c.....
6.7 Pressure test requirements...
A 7 1 (‘nhnrn] ..........................................................................................................................................................

6.7.2  TESEIMIEATUITL ..o
6.7.3  Pressure levels and test durations
6.7.4  ACCEPTANCE CITLOITA ..eovoooeeeioeeee ekt
6.8 OENET ACTIVITIES ..ottt
6.8.1  Activities by others.
6.8.2  Pipeline cover................
6.9 Crossings and eNCIOACHIMENITS ...t
6.9.1  Consultations With QUEROTTEIES ...
6.9.2

0.9.3  RAIIWAYS ..
6.9.4  Waterways and 1andfalls ...
6.9.5  Pipeline/cable crossings...........c......

6.9.6  Pipeline bridge crossings

© 1S0 2017 - All rights reserved iii


https://standardsiso.com/api/?name=7e0e4ba7d568e5844bedd4664537a071

IS0 13623:2017(E)

6.9.7  Sleeved or cased crossings........
6.10 Adverse ground and seabed conditions
6.11 Section isolation valves..........cccrcee
6.12  INTEGIILY MOMIEOTIIIG ..o
6.13  DeSIGN fOI PIGEING ..o
6.14 Fabricated components
6.14.1 Welded branch connections
6.14.2 Special components fabricated by Welding ..., 25
6.14.3 Extruded outlets
6.14.4 Pigtraps.......
6.14.5  SIUG CAECRETS ...
6.14.6 Fabricated assembIIies ...
6.15| Attachment of supports or anchors
6.16|  OffSROTE TISEI'S oo oo s
Design of stations and terminals ... b 28
7.1 Selection of location ..
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.8.1  Primary piping....c...
7.8.2  Secondary piping
7.9 Emergency ShUtdOWIN SYSTEIM ... B e 30
7% L0 I 1 V=T ot o O S
7.11| Storage and working tankage
7.12] Heating and COOING STATIONIS ... @i
7.13| Metering and pressure CONtIrol STALIOTIS ...
7.14] Monitoring and communication Sgstems.............c.....
7.15| Compressor stations for on-lafid gas supply systems
Matgrials and COATINES .............oae Dot 32
8.1 General material requirements for pipelines and primary piping........fon 32
81T SELECHION o h s
8.1.2  Materials for sour service
8.1.3  Consistency of requirements
8.1.4  ChemiCal COMPOSITION ..o
8.1.5  Brijttle fracture toughness
8.1.6 __ Shear-fracture toughness
8.1.7 "\ S HIgher-teMPErature SEIVICE. ... oo
8,1:8> Properties after forming and heat treatment
8.1.9  Production qualification Programmes............. s
8110 Marking
8.1.11  INSPECLION AOCUIMEIIES ....oocooeeree e
8.1.12 Specifications ...
8.1.13 Reuse of components
8.1.14 Records
8.2 LiNe PIPe ..o
8.2.1  Carbomn Steel PIPe ...
8.2.2  Stainless steel and non-ferrous metallic pipe
8.2.3  Carbon steel pipe with stainless steel or non-ferrous metallic layer....................... 35
8.3 Components other than PIPE ...
8.3.1 Flanged connections..................
8.3.2  Bends made from pipe
8.3.3  FittingsS..oicsics
8.314  VAIVES oo

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=7e0e4ba7d568e5844bedd4664537a071

IS0 13623:2017(E)

8.3.5  Fabricated isolating couplings

8.3.6  Other components.........cne
8.4 Coatings. ...
8.4.1  External coatings
8.4.2  Internal coatings/lININGS ...t
9 COTTOSION MAMAZEIMIETIL ..o
9.1 GENETAL. .o
9.2 Internal corrosivity evaluation
9.3 Internal corrosion mitigation
9.3.1  Methods ..
03 2—Revistenref desigheonditions
9.3.3  Chemical additiVes ... e
9.3.4 Internal coatings Or lININES ...y e e 39
9.3.5  Cleaning ...
9.4  External corrosion evaluation
9.5 External corrosion mitigation
9.5.1 Protection requirements
9.5.2  External coatings ...
9.5.3  Cathodic ProteCtion ... S
9.6  Monitoring programmes and Methods ... M, 42
9.6.1 Requirement for monitoring
9.6.2  Monitoring internal corrosion
9.6.3  Monitoring external cONAition........qd S
9.6.4  Monitoring cathodic protection.....gs0"...
9.7 Evaluation of monitoring and inspection results.
9.8 Corrosion-management dOCUMENTATION ..o
10 COMSEIUCTION......ooccces s g e
T0. T GEIETALe s B e
10.1.1 Construction plan..xf
10.1.2 Construction nearether facilities...........
10.1.3 Plant, equipmentand marine vessels......
10.1.4 Transport andhandling of materials.......
10.2  Preparation of theroute on-land............cccccconeen
10.2.1  SIEe INSPEILTIONS ..ot
10.2.2  Survey And mMarking ...
10.2.3 Préparation of the working width
O 3 V=S
10.3  Prepardtion of the route offShore ...
10317 SUIVEYS ...oooiiiiiessteses e
10:3.2 Seabed preparation
10.4 S SWelding and JOIMIIIE ...
10.4.1 Welding standard
10.4.2 Weld examination
1043 Joining other than welding
T0.5  COATIME et
10.5.1 Field joint coating ...
10.5.2 Coating inspection
10.6 Installation of on-land pipelines

10.6.1 Pipe stringing
10.6.2 Field pipe bends..

L0.6.3  EXCAVATIOTL. ookt
10.6.4  LOWETIIE PIP.iiiiiiiiiiiieiciieicesiies e
10.6.5 Backfill................
10.6.6 Tie-in...ee
10.6.7 Reinstatement..
10.6.8 Crossings..........
10.6.9  MATKINES ..o

© IS0 2017 - All rights reserved v


https://standardsiso.com/api/?name=7e0e4ba7d568e5844bedd4664537a071

IS0 13623:2017(E)

11

12

13

vi

10.7 Installation of offshore pipelines.........
10.7.1 Marine operations...................
10.7.2  Survey and positioning systems...
10.7.3  PIPE LAYIIIG oo
O I8  Vo § OO
10.7.5 Trenching
10.7.6 Backfilling
10.7.7 Crossings of other pipelines and cables............ e 50
10.7.8  SPANS ..oooooiiiiiriiesisiesees s
10.7.9 Tie-ins
10.8  Cleaning and AU ... 50
10.9]  AS-DUILE SUTVEYS ..o 51
10.10 CONSEIUCEION FECOTTS ..ottt e 51
Testing
11.1| General
11.2| Safety
11.3| Procedures
11.3.1 Written procedures
11.3.2  COMMUICATIONS ooy S e
11.3.3  Water QUALTEY e € b
11.3.4 Inhibitors and additives
11.3.5  FIllNE TAEE e g
11.3.6 AN CONTENT ..o oo
11.3.7 Temperature stabilization ..................
11.3.8 Temperature effects and correlations
11.3.9  LeaR-fInding et Bt
11,4 ACCEPLANCE CTIEOTIA oo e
11.5| Tie-ins following testing..
11.6| Testing equipment
11.7] Test documentation and FECOTAS. ...f Moo
11.8]| Disposal of test fluids .......ccotaCrtnns
11.9| Protection following test
Pre-commissioning and cOMMUSSIONING ... | 54
L1201 GENETAL..oiriies ) s 54
12.2| Cleaning and gauging PrOCEAUIES ... 55
12.3]  DIYING PIOCEAUIES, ..l ooooriieiiiiiiisestiiees sttt 55
12.4] Functional testing.0f equipment and SYSTEIMNS ........cc.vvrrireereeeeseeeesire e | 55
12.5( Documentati@Mand FECOTAS ...t 56
12.6| Start-up procédures and introduction of transported fluid.........cccicccics o 56
Operation, maintenance and abandONMENt ...
13.1| Mamagement
13.1.1 Objectives and basiC reqQUITEMENTS ...
13.1.2 Operating and MainteNance PIam ...
T3.T.3~ Uperating and maintenance procedures...
13.1.4 Incident and emergency-response plan....
13.1.5 Permit-to-work system...........
13.1.6  Training.....cs
13.1.7 Liaison
130108 RECOTMS. oot
L1302 OP@IATIOTLS. oo
13.2.1 Fluid parameter monitoring
13.2.2 Stations and terminals..................
13.2.3 Pig@INg ...t
13.2.4 DecommisSioning.........
13.2.5 Recommissioning...................
1303 MAINEEIIATICE ..o
13.3.1 MaintenanCe PrOZIAINITIE ........cciiiriiieioiisesieseesseisseeess oo

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=7e0e4ba7d568e5844bedd4664537a071

IS0 13623:2017(E)

13.3.2 Route inspection ...
13.3.3 Mechanical condition monitoring
13.3.4 Leak detection and SUIVEYS...........ccrscrss
13.3.5 Facilities, equipment and component monitoring. ...
13.3.6 Pipeline and piping defects and damage..............ccssiscse
13.3.7 Pipeline and piping repairs and modifications.
13.4 Changes to the design CONAITION ...
13.4.1  Chan@e CONTIOL. ...
13.4.2 Operating pressure
13.4.3 Service conversion
13.4.4 New crossings and developments
13.4.5 Moving in-service pipelines and piping ...
13.4.6 Testing of modified pipelines and piping...
13.4.7 Changes to 10Cation Class ... ks
13.5  Life @XEENSION ooty ) e

Anng

Anng

Anng
Anng
Anng
Anng

Bibliography

13.6  Abandonment
ex A (informative) Records and documentation................ oS e

ex B (normative) Supplementary requirements for public safety’of-on-land pipelin
for category D and E fluids

bx C (informative) Pipeline route selection process
bx D (informative) Examples of factors for routing considerations

bx E (normative) Safety evaluation of pipelines

ex F (informative) Scope of procedures for operation, maintenance and emergencie

© IS0 2017 - All rights reserved

vii


https://standardsiso.com/api/?name=7e0e4ba7d568e5844bedd4664537a071

ISO 13623

:2017(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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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, ISO/TC 67/SC 2 concluded that this
document should allow individual countries to apply their national requirements for public safety and
the protection of the environment.
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ice and judgment. This docu ows the use of innovative techniques and proced
bility-based limit state design methods, providing the minimum requirements©f th
ptisfied.

© ISO

engineering
ires, such as
s document

2017 - All rights reserved

ix


https://standardsiso.com/api/?name=7e0e4ba7d568e5844bedd4664537a071



https://standardsiso.com/api/?name=7e0e4ba7d568e5844bedd4664537a071

INTERNATIONAL STANDARD ISO 13623:2017(E)

Petroleum and natural gas industries — Pipeline
transportation systems

1 Scope

This document specifies requirements and gives recommendations for the design, materials,
cons [OTT, iTo; TOTT; i peti s used for
trangportation in the petroleum and natural gas industries.

It applies to pipeline systems on-land and offshore, connecting wells, production plants, process plants,
ries and storage facilities, including any section of a pipeline constructedwithin the boundaries
of sych facilities for the purpose of its connection. The extent of pipelinersystems cove¢red by this
document is illustrated in Figure 1.

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

This|document is applicable to all new pipeline systems and can‘be applied to modificatipns made to
existfing ones. It is not intended that it applies retroactively ta existing pipeline systems.

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

© IS0 2017 - All rights reserved 1
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1 wellsite 7  tankage
2 gathering|station, treatment/plant or process plant 8  refinery
3 liquid 9 depot
4 gas 10 distribution
5 pump staffion 11 compressor station
6 valve statJon 12 pressure-reduction station

pipeline elements covered by this document

connections with other facilities (the pipeline system should include an isolation valve at connections
with other facilities and at branches)

f———— pipeline elements not covered by this document

I:::l station/plant area covered by this document

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

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

[SO 148-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method
ISO 3183:2012, Petroleum and natural gas industries — Steel pipe for pipeline transportation systems

IS0 3977 (all parts), Gas turbines — Procurement

ISO 10439 (all parts), Petroleum, chemical and gas service industries — Axial and centrifugalcompressors
and ¢xpander-compressors

ISO 10474, Steel and steel products — Inspection documents

ISO 12736, Petroleum and natural gas industries — Wet thermal insulation eogtings for pipelines, flow
lines,|equipment and subsea structures

ISO 13707, Petroleum and natural gas industries — Reciprocating compressors
ISO 13709, Centrifugal pumps for petroleum, petrochemical and naturel gas industries

ISO 13710, Petroleum, petrochemical and natural gas industries¥— Reciprocating positive dlisplacement
pumps

ISO 13847, Petroleum and natural gas industries — Pipelinge transportation systems — Welding of pipelines
ISO 14313, Petroleum and natural gas industries — Ripeline transportation systems — Pipeline valves
ISO 14723, Petroleum and natural gas industries = Pipeline transportation systems — Subsea pipeline valves

[SO [15156 (all parts), Petroleum and ndtural gas industries — Materials for use in HZS-containing
environments in oil and gas production

[SO 15589 (all parts), Petroleumy petrochemical and natural gas industries — Cathodic protection of
pipelfne systems

ISO 15590-1:2009, Petroleum”and natural gas industries — Induction bends, fittings and flanges for
pipelfne transportation systéems — Part 1: Induction bends

ISO 15590-2, Petrofeum and natural gas industries — Induction bends, fittings and flangeq for pipeline
trangportation systeins — Part 2: Fittings

ISO 15590-3;.Retroleum and natural gas industries — Induction bends, fittings and flangeq for pipeline
trangportation systems — Part 3: Flanges

ISO 15649, Petroleum and natural gas industries — Piping

[SO 16440, Petroleum and natural gas industries — Pipeline transportation systems — Design, construction
and maintenance of steel cased pipelines

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

IEC 60034-1, Rotating electrical machines — Part 1: Rating and performance

[EC 60079-10, Electrical apparatus for explosive gas atmospheres — Part 10: Classification of
hazardous areas

IEC 60079-14, Electrical apparatus for explosive gas atmospheres — Part 14: Electrical installations in
hazardous areas (other than mines)

© IS0 2017 - All rights reserved 3
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EN 12583, Gas infrastructure — Compressor stations — Functional requirements
APISTD 620, Design and Construction of Large, Welded, Low-Pressure Storage Tanks
API STD 650, Welded Steel Tanks for Oil Storage

ASME B16.5, Pipe Flanges and Flanged Fittings — NPS 1/2 Through NPS 24

ASME Boiler and Pressure Vessel Code, Section VIII, Division 1, Rules for Construction of Pressure
Vessels (BPVC(C)

MSS SP-25, Standard Marking System for Valves, Fittings, Flanges and Unions

MSS SP-44, §Steel Pipeline Flanges
NFPA 30, Flgmmable and Combustible Liquids Code
NFPA 220, Standard on Types of Building Construction

3 Terms|, definitions and symbols

3.1 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and [EC|maintain terminological databases for use in standardization at the following addressgs:

— ISO Online browsing platform: available at www.iso.org/ebp

— IEC Eledtropedia: available at www.electropedia.oxg

311
commissioning
activities agsociated with the initial filling-of~a pipeline system (3.1.16) with the fluid (3.1.6) being
transported

3.1.2
design life
period for which the design basis i$ planned to remain valid

3.1.3
design pregsure
maximum ipternal pressure of the pressure-containing components of the pipeline system (3.1.16)
designed in compliance‘with this document

3.14
design strength
strength levei 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 installed as a subunit of a pipeline system
(3.1.16)

3.1.6
fluid
medium being transported through the pipeline system (3.1.16)

3.1.7
hot tapping
mechanical cutting of an in-service pipeline (3.1.8) or piping (3.1.17) to create a branch connection

4 © IS0 2017 - All rights reserved
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3.1.8
in-service pipeline
pipeline that has been commissioned for the transportation of fluid (3.1.6)

3.1.9
lay corridor
corridor in which an offshore pipeline (3.1.13) is being installed, usually determined prior to construction

3.1.10
location class
geographic area classified according to criteria based on population density and human activity

3.1.11
maintenance
activlities designed to retain the pipeline system (3.1.16) in a state in which it can performfits required
functions

Note |l to entry: These activities include inspections, surveys, testing, servicing, replacement, remedial works
and repairs.

3.1.12
maximum allowable operating pressure
MAQP
maximum internal pressure at which a pipeline system (34)16), or parts thereof, is allowed to be
operpted in compliance with this document

Note [l to entry: The MAOP is established by the maximum pressure achieved during testing (see 6.7.3).

3.1.13
offshore pipeline
pipeline (3.1.15) laid in maritime waters and estuaries seaward of the ordinary high water mark

3.1.14
on-land pipeline
pipeline (3.1.15) laid on or in land, including lines laid under inland water courses

3.1.15
pipeline
thos¢ components of a pipeline system (3.1.16) connected together to convey fluids (3.1}6) between
statipns (3.1.24) and/efplants, including pipe, pig traps, components, appurtenances, spools, risers
(3.1.20), isolating valves, and sectionalizing valves

Note |l to entry: Se&Figure 1.

3.1.16
pipeline system
pipeliiaes, stations (3.1.24), supervisory control and data acquisition system (SCADA), safety systems,
corrost i i ih it i nsportation
of fluids (3.1.6)

3.1.17

piping

pipe, fittings and components inside stations (3.1.24) and terminals, but not part of the pipeline (3.1.15)
3.1.18

primary piping

piping conveying or storing the fluid (3.1.6) transported by the pipeline (3.1.15)

3.1.19

right-of-way

corridor of land within which the pipeline (3.1.15) operator has the right to conduct activities in
accordance with the agreement with the land owner

© IS0 2017 - All rights reserved 5
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riser

:2017(E)

part of an offshore pipeline (3.1.15) that extends from the sea bed to the pipeline termination point on
an offshore installation

3.1.21

secondary piping
piping carrying fluids (3.1.6) other than those of the primary piping (3.1.18) and pipeline (3.1.15), such
as fuel gas, water, or lube oil

3.1.22

specified
SMTS
minimum t
purchased

3.1.23
specified
SMYS
minimum Yy
purchased

3.1.24
station
facility for t
or isolating

3.2 Symb

Aj inte

3133 r's 3l ’'s e N
FIXIIINIUIIT CCIIOIIT O Cllstll

bnsile strength required by the specification or standard under which the, mater

linimum yield strength

ield strength required by the specification or standard underZwhich the mater

he purpose of increasing pressure, decreasing pressure,storage, metering, heating, co
the transported fluid (3.1.6)

ols

nal cross-sectional area of the pipe
s-sectional area of pipewall

ified diameter (outside or inside)

imum measured diametet (outside or inside)
mum measured diaretér (outside or inside)

inal outside diaméter

ulus of elastiGity

equivalentsstress design factor

hoop-Stress design factor, obtained from Table 2 for on-land pipelines and Table 3 for offs

al is

al is

pling

pipetitres

As Cros|
D sped
Dmax max
Dmin  min
Do nom
E mo
Feq

Jfn

fe

F pipe
Pid

Pod

0 oval
tmin

6

material strength temperature

effective axial force

design pressure

minimum external hydrostatic pressure

ity or out-of-roundness

specified minimum wall thickness
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installation temperature

maximum or minimum metal temperature during operation
Poisson ratio

linear coefficient of thermal expansion

equivalent stress

circumferential stress

0]

0D

4

4.1

The
testi
gas |
envil

4.2

All W
the p

4.3
Aqu

NOTH

4.4

hoop stress due to fluid pressure

longitudinal stress

specified minimum yield strength (SMYS) at room temperature
design strength

shear stress

reneral

Health, safety and the environment
bbjective of this document is that the design, material selection and specification, ¢
g, operation, maintenance and abandonment of pipeline systems for the petroleum

ndustries be safe and conducted with due€ regard to public safety and the prote
onment.

Competence assurance

ork associated with the design, construction, testing, operation, maintenance and abaj
ipeline system shall be cariied out by persons qualified to perform the work.

Compliance

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

Records

Reco

bnstruction,
and natural
rtion of the

hdonment of

hlity system should be applied to assist compliance with the requirements of this docujment.

lemonstrate

compliance with the requirements of this document. Annex A can be used for guidance or records
which should be retained.

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
general locations and the demarcations and interfaces with other facilities.

© ISO
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The functional requirements should define the required design life and design conditions. Foreseeable
normal, extreme and shut-in (e.g. when pipeline system is isolated) operating conditions with their
possible ranges in flowrates, pressures, temperatures, fluid compositions and fluid qualities should be
identified and considered when defining the design conditions.

5.2 Categorization of fluids

The fluids being transported shall be placed in one of the following five categories given in Table 1
according to the hazard potential with respect to public safety.

Table-1 Classification of fluids with rnc?nr‘f to pnfnnfia] hazardto pnh]ir cafnfy
Category A Non-flammable, water-based fluids.
Category B Flammable and/or toxic fluids that are liquids at ambient temperature and at atmospheric

pressure conditions. Typical examples are oil and petroleum products. Methanel is’an exanpple
of a flammable and toxic fluid.

Category C Non-flammable fluids that are non-toxic gases at ambient temperature and ‘atmospheric
pressure conditions. Typical examples are nitrogen, 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;or supercritical fluids. Typicpl
examples are hydrogen, carbon dioxide, 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 liquiids not specifically included by name should be:¢lassified in the category containing fluids
most closely similar in hazard potential to those quoted. Ifithe category is not clear, the more hazandous
category shall be assumed.

5.3 Hydraulic analysis

The hydraulics of the pipeline system shouldybe analysed to demonstrate that the system can gafely
transport the fluids for the design conditions specified in 5.1, and to identify and determing the
constraints [and requirements for its eperation. This analysis should cover steady-state and tranjsient
operating cqnditions.

NOTE Examples of constraints and operational requirements are allowances for pressure surges, prevention
of blockage spch as caused by the formation of hydrates and wax deposition, measures to prevent unaccepjtable
pressure losdes from higher yiseosities at lower operating temperatures, measures for the control of liquid slug
volumes in rhulti-phase flaidvtransport, flow regime for internal corrosion control, erosional velocitiey and
avoidance of glack line operations.

5.4 Pressgure €ontrol and overpressure protection

Provisions duch as prnccnrn-r‘nnﬂ‘n] valves or automatic shutdown of pressurizing equipment shall be
installed, or procedures implemented, if the operating pressure can exceed the maximum allowable
operating pressure anywhere in the pipeline system. Such provisions or procedures shall prevent the
operating pressure from exceeding MAOP under normal steady-state conditions.

Overpressure protection, such as relief or source-isolation valves, shall be provided if necessary to
prevent incidental pressures exceeding the limits specified in 6.3.2.2 anywhere in the pipeline system.
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5.5 Requirements for operation and maintenance

The requirements for the operation and maintenance of the pipeline 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 the following:

— requirements for identification of pipelines, stations and fluids transported;
— principles for system control, including consideration of manning levels and instrumentation;

— location and hierarchy of control centres;

— voice and data communications;

— ¢orrosion management;

— ¢ondition monitoring;

— leak detection;

— pigging philosophy;

— access, sectionalizing and isolation for operation, maintenance ahd replacement;
— interfaces with upstream and downstream facilities;

— ¢mergency shut-in;

— (lepressurization with venting and/or drainage;

— shutdowns and restart;

— Tequirements identified from the hydraulic analysis.

5.6 | Public safety and protection-of the environment

On-1gnd pipeline systems for category D and E fluids should meet at least the requiremenis for public
safetly of Annex B.

6 Design of pipeline-and primary piping

6.1 | Design prineiples

The ¢xtent anid detail of the design shall be sufficient to demonstrate that the integrity and s¢rviceability
requjred bythis document can be maintained during the design life.

ReprieSentative values for loads and load resistance shall be selected in accordancel with good
engineering practice. Methods of analysis can be based on analytical, numerical or empirical models, or
a combination of these methods.

Principles of reliability-based limit state design methods may be applied, provided that all relevant
ultimate and serviceability limit states are considered. All sources of uncertainty in loads and
load resistance shall be considered and sufficient statistical data shall be available for adequate
characterization of these uncertainties.

Reliability-based limit-state design methods shall not be used to replace the requirements in Table 2
and Table 3 for the maximum permissible hoop stress due to fluid pressure.

NOTE1 Ultimate limit states are normally associated with loss of structural integrity, e.g. rupture, fracture,

fatigue or collapse, whereas exceeding serviceability limit states prevents the pipeline from operating as
intended.

© IS0 2017 - All rights reserved 9
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NOTE 2  ISO 16708 gives guidance on reliability-based limit state design.

6.2 Route

selection

6.2.1 Considerations

6.2.1.1 General

Route selection shall take into account the design, construction, operation, maintenance and

abandonmen

t of the pipeline in accordance with this document.

To minimizj‘the possibility of future corrective work and limitations, anticipated urban and indystry

developme

Factors that|shall be considered during route selection include the following:

— safety of

s shall be considered.

the public and personnel working on or near the pipeline;

— protectjon of the environment;

— other pfoperty and facilities;

— third-party activities;

— geotechhical, corrosivity and hydrographical conditions;

— major cfossings on the route;

— requirements for construction, operation and maintefiance;

— nationa

and/or local requirements;

— future gxploration.

Annex C prqvides guidance on the planning'‘ef a route selection. Annex D provides examples of faftors

that should pe addressed during the considerations required in 6.2.1.1 to 6.2.1.7.

6.2.1.2 Public safety

Pipelines cdnveying category.B,C, D and E fluids should, where practicable, avoid built-up areps or

areas with ffr

equent humapn-attivity.

In the absence of public‘safety requirements in a country, a safety evaluation shall be performgd in
accordance with theqgeneral requirements of Annex E for:

— pipelings conyeying category D fluids in locations where multi-storey buildings are previlent,

where traffic is heavy or dense, and where there can be numerous other utilities underground;

— pipelines conveying category E fluids.

6.2.1.3 Environment

An assessment of environmental impact shall consider as a minimum:

— temporary works during construction, repair and modification;

— the long-

term presence of the pipeline;

— potential loss of fluids.

10
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6.2.1.4 Other facilities

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

6.2.1.5 Third-party activities

Third-party activities along the route shall be identified and should be evaluated in consultation with
these parties.

6.2.1.6 _ Geotechnical, hydrographical and meteorological conditions

Advdrse geotechnical and hydrographic conditions shall be identified and mitigating measu

Ins

condjitions.

6.2.1.7 Construction, testing, operation and maintenance

The
and

consfruction, operation and maintenance should also be reviewed.

6.2.1 Surveys — On-land pipelines

Routg and soil surveys shall be carried out to identify andlocate with sufficient accuracy
geographical, geological, geotechnical, corrosivity, tepographical and environmental fq
other facilities such as other pipelines, cables and obstructions, that can impact the pi
seledtion.

6.2.3 Surveys — Offshore pipelines

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

me instances, such as under arctic conditions, it can be necessary also to review me

maintenance, including any replacement, of the pipeline. The availability of utilities n

geological features and natural hazards;
Iipelines, cables and wellheads;
bstructions such as.wrecks, mines and debris;

geotechnical properties.

res defined.
teorological

route shall permit the required access and working width for the €enStruction, testing, operation

ecessary for

the relevant
atures, and
beline route

following:

Meteorological ‘and oceanographic data required for the design and construction plannjing shall be

collegted. Such, data may include the following:

a)
b)
c)
d)
e)
f)
g)

h)

ll)athymetry;

winds;

tides;

waves;

currents;

atmospheric conditions;

hydrologic conditions (temperature, oxygen content, pH value, resistivity, biologi
salinity);

marine growth;

© IS0 2017 - All rights reserved

cal activity,

11


https://standardsiso.com/api/?name=7e0e4ba7d568e5844bedd4664537a071

ISO 13623

i)

:2017(E)

soil accretion and erosion.

6.3 Loads

6.3.1 General

Loads that can cause or contribute to pipeline failure or loss of serviceability shall be identified and
accounted for in the design.

For the strength design, loads shall be classified as

enviro
constr

acciden

functional,

ental,
tion, or

Fal.

6.3.2 Funlctional loads

6.3.2.1

Loads arisil
functional.

NOTE
are examples|
installation,

frost heave 3
sources. Reaq
supports or i

6.3.2.2 Dq

The design |

nssification

ng from the intended use and residual loads from other sources shall be classifig

Tlhe weight of the pipeline, including components and fliid, and loads due to pressure and temper

of functional loads arising from the intended use ofthe system. Pre-stressing, residual stresses
boil cover, external hydrostatic pressure, marine growth, subsidence and differential settle
nd thaw settlement, and sustained loads from ‘icing are examples of functional loads from

tion forces at supports from functional loads’and loads due to sustained displacements, rotati
mpact by changes in flow direction are also functional.

pSign pressure

pressure at any point in the)pipeline system shall be equal to or greater than the maxi

allowable operating pressure (MAOP). Pressures due to static head of the fluid shall be included i

steady-statg

Incidental p
limited freq

NOTE P1
activation of
of blocked-in

pressures.

Fessures during transient conditions in excess of MAOP are permitted, provided they 4
iency and duration, and the MAOP is not exceeded by more than 10 %.

essure dae)to surges, failure of pressure control equipment, and cumulative pressures d
bver-pressire protection devices are examples of incidental pressures. Pressures caused by he
static\fluid are also incidental pressures, provided blocking-in is not a regular operating activ

d as

ature
from
ment,
other
ns of

mum
n the

re of

uring
ating
ty.

6.3.2.3 Temperature

The range of fluid temperatures during normal operations and anticipated blowdown conditions shall
be considered when determining temperature-induced loads. Both a maximum design temperature
and a minimum design temperature shall be established.

12
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6.3.3 Environmental loads

6.3.3.1 Classification

Loads arising from the environment shall be classified as environmental, except where it is necessary
that they be considered as functional (see 6.3.2) or when, due to a low probability of occurrence, as

accidental (see 6.3.5).

EXAMPLE Loads from waves, currents, tides, wind, snow, ice, earthquake, traffic, fishing an

d mining are

examples of environmental loads. Loads from vibrations of equipment and displacements caused by structures

on the ground or seabed are also examples of environmental loads.

6.3.3.2 Hydrodynamic loads

The hydrodynamic load return period for the construction phase should be selected on
the planned construction duration and season and the consequences of the loadS associate
return periods being exceeded. The design return period for the normal operation phas
100 years.

The joint probability of occurrences in magnitude and direction of extréme winds, waves 3
should be considered when determining hydrodynamic loads.

The pffect of increases in exposed area due to marine growth)jor icing shall be taken i
Loads from vortex shedding shall be considered for aerial cressings and submerged spant
sectipns.

6.3.3.3 Earthquake loads

The following effects shall be considered when désigning for earthquakes:
— (lirection, magnitude and acceleration ef.fault displacements;

— {lexibility to accommodate displacements for the design case;

— Ilechanical properties underoperating conditions;

esign for mitigation of stresses during displacement caused by soil properties for buri
gnd inertial effects for.abeve-ground fault crossings;

— induced effects (liquefaction, landslides).

6.3.3.4 Soil and’ice loads
The followingeffects shall be considered when designing for sand loads:

— sand~dune movement;

the basis of
H with these
e should be

nd currents

hto account.
ing pipeline

bd crossings

— sand encroachment.

The following effects shall be considered when designing for ice loads:
a) ice frozen on pipelines or supporting structures;

b) bottom scouring of ice;

c) driftingice;

d) impact forces due to thaw of the ice;

e) forces due to expansion of the ice;

f) higher hydrodynamic loads due to increased exposed area;

© IS0 2017 - All rights reserved
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effects added on possible vibration due to vortex shedding.

6.3.3.5 Road and rail traffic

Maximum traffic axle loads and frequency shall be established in consultation with the appropriate
traffic authorities and with recognition of existing and forecast residential, commercial and industrial
developments.

6.3.3.6 Fishing

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

6.3.3.7 M

Loads due t
arising from

ining

h ground vibrations from the use of explosives shall be considered. Loads from subsig
mining activities shall be classified as functional.

6.3.4 Construction loads

Loads neces
of dynamic |

NOTE In|
pressure dur
give rise to ¢
that it can be

6.3.5 Acc

Loads impo

sary for installation and commissioning shall be classified as construction loads. The ¢

ing pressure grouting or sub-atmospheric internal pressure by draining and vacuum drying
pnstruction loads. Dynamic effects from the movements<of'lay vessels are also construction
necessary to consider for offshore pipelines.

dental loads

Ked on the pipeline under unplanned.hut plausible circumstances shall be considers

accidental. Both the probability of occurrence and the likely consequence of an accidental load s}

be considert

Example ac
objects, tra
anchors), log

bd when determining whether thepipeline should be designed for an accidental load.

cidental loads include loads,arising from fire, explosion, sudden decompression, f3
wsient conditions during landslides, third-party equipment (such as excavators or {
s of power of construction-equipment and collisions.

6.3.6 Combination of loads

When calcy
of function
simultaneot

lating equivalent stresses (see 6.4.1.2) or strains, the most unfavourable combin
h], environmiental, construction and accidental loads that can be predicted to (
sly shalkbe'considered.

If the oper

environmeqtal conditions, then the following load combinations shall be considered for operationg:

hting \philosophy is such that operations are reduced or discontinued under ext

behaviour of installation vessels and equipment shall be congidered where appropriate.

ence

ffect

stallation includes transportation, handling, storage, construétion and testing. Increases in extlernal

r also
loads

bd as
jould

lling
hips'
ption

ccur

reme

design environmental loads plus appropriate reduced functional loads;

design functional loads and coincidental maximum environmental loads.

Unless they can be reasonably expected to occur together, it is not necessary to consider a combination

of accidenta

14

I loads or accidental loads in combination with extreme environmental loads.
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6.4 Strength requirements
6.4.1 Calculation of stresses

6.4.1.1 Hoop stress due to fluid pressure

(D ~Umin )

Ohp Z(l?m —DPud )X

The circumferential stress, onp, due to fluid pressure only (hoop stress) shall be calculated as given in

Formula (1):

)

A

min

Whete

Bia is the design pressure (in MPa);
Bod is the minimum external hydrostatic pressure (in MPa);
D, isthe nominal outside diameter (in mm);

tmin is the specified minimum wall thickness (in mm).

6.4.1.2 Other stresses

Calcylations shall take into ageount flexibility and stress concentration factors of compd
than|plain straight pipe.

Flexibility calculations¢shall be based on nominal dimensions and the modulus of elas
apprppriate temperatureé(s).

Equiyalent stresses; 0eq, shall be calculated using the von Mises equation as given in Formu

Jeq = (0pd /012 - opoy + 372)1/2

The specified minimum wall thickness is the nomimal” wall thickness less the alllowance for
manyfacturing per the applicable pipe specification and corrosion. For clad or lined pipelines (s
strenigth contribution of the cladding or lining is generally notiin€luded.

e 8.2.3), the

mferential, longitudinal, shear and equivalent stresses shall be calculated taking into account
stregses from all relevant functional, environmental and construction loads. Accidental lo
consldered as indicated in 6.3.5. The significance of all parts of the pipeline and all restra
suppprts, guides and friction, shall besconsidered. When flexibility calculations are perfo
and gngular movements of equipment-to which the pipeline is attached shall also be consid

ads shall be
nts, such as
'med, linear
ered.

nents other

ticity at the

la (2):
(2)

on is the circumferential stress (in MPa);
o] isthelongitudinal stress (in MPa);

T isthe shear stress (in MPa).

© IS0 2017 - All rights reserved
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6.4.2 Strength criteria

6.4.2.1 General

Pipelines sh

fatigue;

all be designed to address the following mechanical failure modes and deformations:

yielding;
buckling;

ovality.

6.4.2.2 Yi

The maxim

Formula (3)
Ohp < fh
where

is t]
off{

/h

is t]
the

fe

oy istl

Pipelines u§
approach in|
approach is
with Formu

Ohp < /fh

where

op isthe design strength, which is the lesser of SMYS or the specified minimum tensile stren

(SM

For temperd

E

1ding

m hoop stress, opp, due to fluid pressure shall be determined in.accordance

><ftxo'y

e hoop-stress design factor, obtained from Table 2 foren:land pipelines and Table 3 fq
hore pipelines;

e material strength temperature derating factor\(1,0 for temperatures less than 50 °Q
maximum temperature at the relevant designiscenario;

ne specified minimum yield strength (SMYS) (in MPa).

ing steel grades above L555 should be-designed using a reliability-based limit-state d
accordance with ISO 16708 or other recognized code or standard. If a limit-state d
hot used, the maximum hoop stress due to fluid pressure shall be determined in accord

a (4):

"ftxO'D

TS) divided by 1,15 for grades above L555.

tureésabove 50 °C, f; shall be documented in accordance with 8.1.7.

with

(3)

) for

Psign
psign
ance

(4)

rth

ft x op char

£ H £l % ol -at 4] £+l H £ 4+ £ +la ] A |
dLTCTTZTS TIIT TITIatTT IdT STI TITg U aU THICT TTAATHITIUTIT TCTITPTT AtUT T TOT TICT dlIdly STU-STTTIA

io. ft

may be different in different phases, typically representing the ambient temperature during installation

and pressur

16

e test and the design temperature during operation.
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pipelines on bridges

Location fh

General routeb 0,77
Crossings and parallel encroachmentsc:

— minor roads 0,77
— major roads, railways, canals, rivers, diked flood

defences and lakes 0,67
Pig traps and multi-pipe slug catchers 0,67
Primary piping 0.67
Special constructions such as fabricated assemblies and 0,67

designed to meet the requirements of Annex B.

necessary when tested with air.

human habitation (such as deserts and tundra regions).

¢ See 6.9 for the description of crossings and encroachments.

a2 The hoop stress factors of Table B.2 shall apply for category D and E pipelines te be
These factors apply to pipelines pressure-tested with water. Lower design faetors may be

b The hoop stress factor may be increased to 0,83 for pipelines conveying category A,
C and D fluids at locations subject to infrequent human activity and-without permanent

Table 3 — Hoop stress design factors, fy; for offshore pipelines

Location /h
General routea 0,77
Shipping lanes, designated anchoring aréds and harbour
entrances 0,77
Landfalls 0,67
Pig traps and multi-pipe slug catchers 0,67
Risers and primary piping 0,67

D fluids.

a  The hoop stress facter\may be increased to 0,83 for pipelines conveying category A, C an

The maximum equivalentstress, geq, shall be determined in accordance with Formula (5):

deq < feq * ft 0y

where

Jeq isithe equivalent stress design factor, obtained from Table 4.

If a pivehineis-desienpedusinasteel srade-abovel.555-cshall bereplace
PR eSS GeSEREa USRS Stee S a6 d86vVe =099 6y Siar o8- Fepaece

Table 4 — Equivalent stress design factors, feq

Load combination feq
Construction and environmental 1,00
Functional and environmental 0,90
Functional, environmental and accidental 1,00

(5)

The criterion for equivalent stress may be replaced by a permissible strain criterion for certain

applications; see 6.4.2.6.

© IS0 2017 - All rights reserved
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6.4.2.3 Buckling

The following buckling modes shall be considered:

combination of these loads;

pressur

buckle propagation;

es.

NOTE
vertical uphe

6.4.2.4 Fq

Fatigue ana
from cyclic ]

demons

define 1

Fatigue ana|
translation

The effect o

loading shalll be accounted for when determining fatigue resistance.

Assessment
given as S-N
componentg

The selectid
predictions
causing fatig

6.4.2.5 Oy

Ovality, or o

Buickling of restrained pipelines can take the form of lateral displacement for unburied pipelin

flyses shall include a prediction of load cycles during €onstruction and operation 4

aval of trenched or buried pipelines.

tigue

yses shall be performed on pipeline sections and components that can be’subject to fa
oads in order to

trate that initiation of cracking does not occur, or

equirements for inspection for fatigue.

bf load cycles into nominal stress or strain cycles.

[ mean stresses, internal service, external environmient, plastic prestrain and rate of ¢

curves, i.e. stress amplitudes versus number of cycles to failure) obtained on represent
or a fracture mechanics fatigue life-assessment.

n of safety factors shall take ifitg:'account the inherent inaccuracy of fatigue-resist
and access for inspection for fatigue damage. It can be necessary to monitor the param
rue and to control possible-fatigue damage accordingly.

Fality

ut-of-roundnessy 0, expressed as a percentage, is defined as given in Formula (6):

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

es or

tigue

nd a

yclic

of fatigue resistance may be based on eitherthe characteristic fatigue resistance (normally

ative

ance
pters

D_|-D._.
0=—"14 T <100 6)
D
where
D is the specified diameter (outside or inside) (in mm);

Dmax is the maximum measured diameter (outside or inside) (in mm);

Dmin is the minimum measured diameter (outside or inside) (in mm).

Ovality or out-of-roundness arising from manufacture, construction and installation shall be considered
in relation to buckling and operational requirements.

6.4.2.6 Permissible strain criteria

Permissible strain criteria are intended for strain based design (SBD) applications involving significant
longitudinal pipeline loads where the axial design strain exceeds 0,5 % global strain. Strain-based
design requires an understanding of the applied pipeline deformations (strain demand) as well as
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advanced characterization of the materials involved (pipe and welds). Permissible strain criteria
require knowledge of the pipe limit states in tension and compression. Tensile strain capacity can
be predicted based on input parameters such as pipeline geometry, weld imperfection geometry,
pipe properties, girth weld properties, high-low misalignment of the weld joint and internal pipeline
pressure. Compressive strain capacity is impacted by the diameter to thickness ratio of the pipe, stress
strain behaviour, including anisotropy of the pipe material, imperfections in the shape of the pipe, and
the presence of girth welds and field bends.

The permissible strain shall ensure that the predicted strain capacity of the pipeline adequately exceeds
the strain demand resulting in a SBD pipeline with similar safety and reliability as a conventional
pipeline based on allowable stress design.

Pernjissible strain criteria may only be used if the configuration of the pipeline is controlled by imposed
defofmations or displacements, or the possible pipeline displacements are limited\by [geometrical
consfraints before exceeding the permissible strain.

A pedrmissible strain criterion may be applied for the construction of pipglinies to determine the
allowable bending and straightening associated with reeling, J-tube pull-ups,installation pf a bending
shoe(riser and similar construction methods.

A permissible strain criterion may be used for pipelines in service fof.the following:

a) pipeline deformations from predictable non-cyclic displaeerment of supports, ground or seabed,
guch as fault movement along the pipeline or differential settlement;

b) mon-cyclic deformations, where the pipeline is supperted before exceeding the permigsible strain,
guch as in case of a pipeline offshore that is not continuously supported but with sagging limited by
the seabed;

c) ¢yclic functional loads, provided that plastic’ deformation occurs only when the pip¢line is first
faised to its “worst-case” combination of functional loads and not during subsequent cycling of
these loads.

The permissible strain criteria shall-be confirmed by sufficient small scale and full scale testing to
ensufre the strain capacity exceeds.the strain demand with sufficient margin to address ¢apacity and
demand uncertainties.

6.4.2.7 SBD pipe and weld'material properties

Longitudinal pipe preperties affect both strain demand and strain capacity. The relevant material
propgrties include pip€ yield strength, tensile strength, uniform elongation (UEL) and yield to tensile
ratio| (Y/T). Pipeproperty changes due to strain aging shall be considered, including such mechanisms
as ngtural agingduring service life or heating associated with coating application.

Prediictabteplastic deformation of the pipeline is necessary for SBD, requiring the pipe to remain ductile
up td désign conditions, and the welds to be overmatched to avoid strain concentration in Welds.

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 document.

Factors which should be considered in the stability design include the following:

— 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 on-land pipelines 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 Pipelhne Sspanning

Spans in pipelines shall be controlled to ensure compliance with the strength criteria in) 6:4.2] Due
consideratign shall be given to the following:

— suppor{ conditions;

— interaction with adjacent spans;

— possiblg vibrations induced by wind, current and waves;
— axial force in the pipeline;

— soil accretion and erosion;

— possiblg effects from third-party activities;

— soil properties.
6.7 Presgure test requirements

6.7.1 Genleral

To demonstyate their strength and leak:tightness, pipelines and primary piping shall be pressure-t¢sted
in place aftefr installation, but before being put into operation. Fabricated assemblies and tie-in secfions
may be pre-tested before installation provided their integrity is not impaired during subsequent
constructioh or installation. The(requirements for pressure testing can govern the necessary pipg wall
thickness arnd/or steel grade inférrain with significant elevations.

6.7.2 Test medium

Pressure te§ts shall\be/conducted with water (including inhibited water), except if

— low amll)ient temperatures prevent testing with water,

— sufficientwater of adequate quality cannot be made available,

— disposal of water is not possible,

— testing is not expedient, or

— water contamination is unacceptable.

Pneumatic tests (when necessary) can 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.
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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.

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

atleast 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;

[

The
infre
than

Follof
apre

The
abov]

pipelines or primary piping completely accessible for visual inSpection, provided the comp

1S Vi
addit
6.7.4

Pres
caus

Pres
throt
tidal

Pipel
requ

6.8

6.8.1

min plus corrosion allowance divided by ¢ty in case of corrosion allowance.

strength test pressure for pipelines conveying category C and D fluids atloeation
quent human activity and without permanent habitation may be reduced to|apressur
1,20 x MAOP, provided the maximum incidental pressure cannot exceed,05 x MAOP.

ssure at any point in the system of at least 1,1 x MAOP.

strength and leak test may be combined by testing for a mipimum of 8 h at the pressy
e for strength testing. The requirement for a minimum duration of a leak test is not g

ually inspected for leaks following a hold-period of 2°h at the required leak-test p1
ional test requirements of B.6 shall apply for category D and E pipelines to which Ann

Acceptance criteria

sure variations during strength testing shall be acceptable if it can be demonstrated 4
ed by factors other than a leak.

sure increases or decreases duripgleak testing shall be acceptable provided it can be dg
1gh calculations that they are .caused by variations in ambient temperature or press
variation for offshore pipelines.

ines not meeting thesé requirements shall be repaired and retested in accordan
rements of this document.

Other activities

Activitiés by others

The

pipe]lines:

following factors shall be considered when determining the requirements for the p

s subject to
e of not less

wing a successful strength test, the pipeline shall be leak-tested for@ minimum period of 8 h with

re specified
pplicable to
ete pipeline
essure. The
bx B applies.

hat they are

monstrated
ure, such as

ce with the

rotection of

— possible effects of pipeline damage on public safety and the environment;

— possible effects of interference from other activities;

— national requirements for public safety and the protection of the environment.

EXAMPLE

Activities that it is necessary to consider for on-land pipelines 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.
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Protection requirements shall be established as part of the safety evaluation in 6.2.1.2 where required.

EXAMPLE

measures for

Protection of on-land pipelines 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

offshore pipelines.

For on-land pipelines, 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 on-land pipelines.

6.8.2 Pips

oline-cover

6.8.2.1 On-land pipelines

Buried on-14
depth shall
coatings ang

| attachments.

nd pipelines should be installed with a cover depth not less than shown in)Table 5. (
be measured from the lowest possible ground surface level to the top ofthie pipe, incly

Table 5 — Minimum cover depth for on-land pipelines

e

The top of pipe shall be atleast 0,15 m below the surface of the rock.

Cover deptha
Location

m
Areas of limited or no human activity 0,8
Agricultural or horticultural activityb 0,8
Clanals, riversc 1,2
Rloads and railwaysd 1,2
Rlesidential, industrial, and commercial areas 1,2
Rocky grounde 0,5
al  Special consideration for cover may bé<equired in areas with frost heave.
bl Cover shall not be less than the depth-0f normal cultivation.
¢[ Tobe measured from the lowestanticipated bed.
d|  To be measured from the bottom of the drain ditches.

Pipelines m
protection i

The design

— any hin

5 provided by-alternative methods.
f alternative protection methods should take into account:

Hrande~caused to other users of the area;

— soil sta

ility and settlement;

hy be installed with less cover depth than indicated in Table 5, provided a similar ley

over
1ding

el of

— pipeline stability;

— cathodic protection;

— pipeline expansion;

— access for maintenance.

6.8.2.2 Offshore pipelines

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 c

6.9

athodic protection of the pipeline.

Crossings and encroachments

6.9.1 Consultations with authorities

The pipeline—desigploads—includingfrequency—construction—metheds—andrequiremqnts for the
protection of crossings, shall be established in consultation with the appropriate authoritigs.

6.9.2 Roads

Roads should be classified as major or minor for the application of the hoop-stréess design factor.
Motdrways and trunk roads should be classified as major and all other public roads as minor. Private
roadp or tracks should be classified as minor even if used by heavy vehicles.

The hoop stress design factors in Table 2 and the cover depth_regquirements in Table 5 should, as a
minimum, apply to the road right-of-way boundary or, if this boundary has not been defined, to 10 m
from| the edge of the hard surface of major roads and 5 m for fairior roads.

Pipelines running parallel to a road should be routed outside the road right-of-way bournidary where
practicable.

6.9.3 Railways

The hoop stress design factors in Table 2.and the cover depth requirements in Table 5 should, as a
minimum, apply to 5 m beyond the railway.boundary or, if the boundary has not been defiphed, to 10 m
from| the rail.

Pipelines running parallel to the railway should be routed outside the railway right-oftway where
practicable.

The yertical separation between the top of the pipe and the top of the rail should be a mininpum of 1,4 m
for open-cut crossings and-1,8 m for bored or tunnelled crossings.

6.9.4 Waterways.and landfalls

Protection requirements for pipeline crossings of canals, shipping channels, rivers, lakes gnd landfalls
should be designed in consultation with the water and waterways authorities.

Crospings of flood defences can require additional design measures for the prevention of flooding and
limitingthe-possible-consequenees:

The potential for pipeline damage by ships' anchors, scour and tidal effects, differential soil settlement
or subsidence, and any future works such as dredging, deepening and widening of the river or canal,

shall

be considered when defining the protection requirements.

6.9.5 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 Sleg

Sleeved or d
accordance

6.10 Adve

Where nece

| - | -
vEU Ul LASTU LI USSIIIES

ased crossings should be avoided where possible. If steel casings are used, they&hall
with ISO 16440.

rse ground and seabed conditions

Ksary, protective measures, including requirements for surveillance\shall be establish

minimize the occurrence of pipeline damage from adverse ground and seabed.cenditions.

EXAMPLE

Adverse ground and seabed conditions include landslide, £rosion, subsidence, differ

settlement, dreas subject to frost heave and thaw settlement, peat areas with a high groundwater tabl

swamps. Posj
installation d
ground move

Local autho
geological
conditions.

6.11 Sectig
Section isold

— control

— limiting

Account sh
requiremen

The mode o

ible protective measures are increased pipe wall thickness, greund stabilization, erosion preve
f anchors, provision of negative buoyancy, etc. as well as surveillance measures. Measureme
ment, pipeline displacement or change in pipeline stresses'are possible surveillance methods.

rities, local geological institutions and mining ¢onsultants should be consulted on ge
ronditions, landslide and settlement areasy‘tunnelling and possible adverse gr

bn isolation valves

operatipn and maintenance,

bf emergencies, and

potential spill volumies.

6.12 Integ

1ty monitoring

tion valves should be installed atthe beginning and end of a pipeline and where require

uld be taken“ef topography, ease of access for operation and maintenance, incly
s for pressure relief, security and proximity to occupied buildings when locating the v3

be in

ed to

bntial
b and
htion,
hts of

neral
pund

d for

1ding
lves.

[ operation of section isolation valves shall be established when determining their locaftion.

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.

The design for pigging should consider the following:

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

— lifting facilities;

— isolation requirements for pig launching and receiving;

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

— permissible minimum bend radius;

Ly 1 b h ) o | W
1ISUANILT UTUWLETIT UTIIUS dllU TITLIITESS,

aximum permissible changes in diameter;

apering requirements at internal diameter changes;

esign of branch connections and compatibility of line pipe material;
internal fittings;

internal coatings;

ig signallers.

The gafety of access routes and adjacent facilities shall be considered when determining the orientation
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 r¢quirements
of a recognized design standard. The hoop stress in the connection shall not exceed the|hoop stress
pernjitted in the adjacent pipe.

Mechanical fittings may be uséd for hot tapping pipelines, provided they are designed to meet or exceed
the design pressure of the pipeline.

6.14|2 Special components fabricated by welding

The fdesign of speeial components shall be in accordance with sound engineering practice and this
document. Where the strength of such components cannot be computed or determined in accordance
with| the requirements of this document, the maximum allowable operating pressure shall be
estabplishedin accordance with the requirements of ASME BPVC, Section VIII, Division 1.

Fabricated items, other than commonly manufactured butt-welded fittings that empldy plate and
longitudinal seams shall be designed, constructed and tested in accordance with this document.
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.
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.
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6.14.4 Pigtraps

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

Pig traps, both permanent and temporary, shall be designed with a hoop-stress design factor in
accordance with Tables 2 and 3, including such details as vent, drain and kicker branches, nozzle
reinforcements, saddle supports. Closures 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 interlock arrangement with the main pipeline valves.

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

6.14.5.1 Vegssel-type slug catchers

All vessel-type slug catchers, wherever they are located, shall be designed and fabyicated in accordance
with ASME BPVC, Section VIII, Division 1.

6.14.5.2 Muylti-pipe slug catchers

Multi-pipe slug catchers shall be designed with a hoop-stress design‘factor in accordance with Table 2
and Table 3.

6.14.6 Fabricated assemblies

The hoop-stress design factors for fabricated assembli€s shall apply to the entire assembly and |shall
extend, excluding transition ends of piping, bends or elbows, for a distance of the lesser of five|pipe
diameters of 3 m in each direction beyond the last component.

6.15 Attachment of supports or anchors

The pipelin¢ and equipment shall be adequately supported, so as to prevent or to damp out excessive
vibration, and shall be anchored suffi¢iently to prevent undue loads on connected equipment.

Branch connpections for on-landpipelines shall be supported by consolidated backfill or provided|with
adequate flgxibility.

When openings are made-in a consolidated backfill to connect new branches to an existing onfland
pipeline, a firm foundation shall be provided for both the header and the branch to prevent both veytical
and lateral (novements.

Braces and dlamping devices required to prevent vibration of piping shall be attached to the carrier] pipe
by full-encinclement 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.

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.
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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
expansion force and any pipe-to-soil friction preventing movement.

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

The pipe effective axial force, F, to be resisted for fully restrained pipelines should be calculated as
givenin Formula (7):

H=-pidxAi(1-2v) -Asx Exa(T2 - Ti) (7)

where

Did is the design pressure (if laid air-filled) (in MPa);

4i isthe internal cross-sectional area of the pipe (in mm?2);

As isthe cross-sectional area of pipewall (in mm?2);

E  is the modulus of elasticity (in MPa);

&« isthe linear coefficient of thermal expansion ;

1 isthe installation temperature (in °C);

2 is the maximum or minimum metal temperature during operation (in °C);
Vv is the Poisson ratio.

Significant residual installation loads shall also be taken into account when determining axial
pipeline forces.

6.14 Offshore risers

Offshore risers should e given careful design consideration because of their criticality to| an offshore
instdllation and its exposure to environmental loads and mechanical service connections. The following
factdrs should be taken into consideration in their design:

— gplash zone'(loads and corrosion);

— reducediinspection 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

7.1 Selection of location

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

ground

access;

topography;

conditions;

require
hazards

public s

anticipg

Stations and
from fires o

The location
be determin
results of s4
the case of 4

7.2 Layout

Open space
equipment.
fire-fighting

Layouts of s

Areas with
accordance

Spacing of t
Piping and |

availabillity of services;

ments for inlet and outlet connections to and from the pipeline;
from other activities and adjacent property;

hfety and the environment;

ted developments.

terminals should be located such that the facilities constructed on the site can be prot¢
h adjacent 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, s}
ed as part of an overall installation layout review. The'review should take into accour
fety evaluations including consequences on persgrinel accommodation and evacuati
xplosion or fire.

shall be provided around stations-and terminals for the free movement of fire-fig
Sufficient access and clearance shall be provided at stations and terminals for movemg
and other emergency equipment:

tations and terminals shall'be based on minimizing the spread and consequences of fij

n stations and termiinals with possible explosive gas mixtures shall be classifie
with [EC 60079-10@nd the requirements for plant and equipment defined accordingly.

inkage shall bé in‘accordance with NFPA 30.

bipelines,shall be routed such that trip or overhead hazards to personnel are avoided

access to piping and-equipment for inspection and maintenance is not hindered. Requirement

access for re

plagément of equipment shall also be considered.

pcted

jould
t the
bn in

hting
nt of

d in

| and
s for

Vent and dr

ain’lines to atmosphere shall he extended to a location where fluids can bhe discha

rged

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.

Security requirements for parts of the pipeline system within other installations shall be established in

conjunction

28

with the requirements for the installation.
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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.

Apprjopriate fire and gas detection and fire-fighting facilities shall be provided. For dtations and
termlinals on-land, the requirements for such facilities shall be established in consultation with the
local|fire authorities.

TanKs, dikes and firewalls shall meet the requirements of NFPA 30.

Ventllation shall be provided to prevent the exposure of personnel to hazardous concentrations of
flammable or noxious liquids, vapours or gases in enclosed areas, sumps-and pits during|normal and
abnormal conditions, such as a blown gasket or packing gland. Equipmentfor the detection qf hazardous
concentrations of fluids shall be provided.

Hot 3dnd cold piping that can cause injury to personnel shall be-suitably insulated or protected.

7.5 | Environment

The |disposal of effluent and discharges shall ¢omply with national and local enyironmental
requjrements.

7.6 | Buildings

Pump and compressor buildings that-house equipment or piping in sizes larger than 60 mm outside
dianjeter or equipment for conveying,/except for domestic purposes, category D and E fluids, shall be
consfructed of fire-resistant, nonscombustible or limited combustibility materials defined in NFPA 220.

7.7 | EQuipment

Pumps and compressors, prime movers, their auxiliaries, accessories, control and supp¢rt systems,
shall| be suitable for the services specified in the system definition in accordance with|5.1. Pumps,
compressors and/bheir prime movers shall be designed for a range of operating conditions within the
consfraints of the-pipeline system as limited by the controls identified in 5.4.

Primle moy€rs, except electrical induction or synchronous motors, shall be provided with gn automatic
devige that is designed to shut down the unit before the speed of the prime mover or of the driven unit
exceedSthe 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 [SO 3977 (all parts), ISO 10439 (all parts), ISO 13707, ISO 13709,
ISO 13710 or IEC 60034-1, as applicable.

7.8 Piping

7.8.1 Primary piping

Primary piping shall be designed in accordance with the requirements of Clause 6.
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Vibrations caused by vibrating equipment, fluid pulsations from reciprocating pumps or compressors
and flow induced pulsations shall be considered during the piping design.

Piping shall be protected against damage from vacuum pressures and overpressures. Pressure control
and over-pressure protection shall comply with the requirements of 5.4.

NOTE Piping can be subjected to overpressure or vacuum conditions as a result of surge following a sudden
change in flow during valve closure or pump shutdown, excessive static pressure, fluid expansion, connection to
high-pressure sources during a fault condition, or as a result of a vacuum created during shutdown or drain-down.

7.8.2 Secondary piping

7.8.2.1 Fyel gas piping

Fuel-gas pipiing within a station shall be in accordance with ISO 15649.

Fuel-gas ling ntial

quarters.

s shall be provided with master shut-off valves located outside any building or residg

from
sure

The fuel gag system shall be provided with pressure-limiting devices to prevent fuel pressures
exceeding the normal operating pressure of the system by more than 25 %. The maximum fuel prej
shall not exdeed the design pressure by more than 10 %.

Provision shall be made to vent and purge fuel headers to prevent fuel gas from entering combugstion

chambers when work is in progress on the drivers or connected equipment.

7.8.2.2 Air piping
Air piping Within a station shall be in accordance with I$0*15649.

Air receiver
Section VIII

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

Division 1.

7.8.2.3 Lybricating oil and hydraulic oil piping

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

7.8.2.4 Vdnt and drain lines

Vent and drain lines shall be'Sized to match the capacity of relief valves.

7.9 Emerngency shutdown system

Each pump
accessible, 1

r cormpressor station shall be provided with an emergency shutdown system thatis re
pbeally and/or remotely operated, and which shuts down all prime movers. Consider

adily
htion

should also

he givnn to icn]aﬁng the station from the pipn]inn andto rn]inving or vnnfing when regl

ired.

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.

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

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

100 kPa [1 bar(g)];

[

1 bar(g)]:

Fou
take

7.12

Temperature indication and controls should be provided where heating or cooling of {

requ
For N

lines

7.13

Mete
pres

Com
pipin]
Desij

inter
of th

The 1

of harmful foreign substances and to prevent electrostatic charge accumulation.

7.14

The 1
bein

pplicable standards for holders other than pipe-type holders for fluids with a vapeur
ore than 100 kPa [1 bar(g)].

dations shall be designed and constructed in accordance with plans and spécifications
into account local soil conditions, type of tank, usage and general location-

Heating and cooling stations

red for operation of the pipeline system.

eating stations, trace heating can be required on pipework, pump bodies, drains and
to ensure satisfactory flow conditions following shutdown.

Metering and pressure control stations

rs, strainers and filters shall be designed- for the same internal pressure and sha
bure-test requirements of this document.

ponents shall be supported in suchi'a manner as to prevent undue loading to the
g system.

bn and installation shall prowide for access and ease of maintenance and servicing whilg
ference with the stationeperations. Consideration shall be given to backflow, vibration
e flowing stream.

etention size of any-filtering medium shall be selected to protect the facilities against t|

Monitering and communication systems

‘equikerments for monitoring pressure, temperature, flowrate, physical characteristic
b conveyed, information on pumps, compressors, valve positions, meters and tank lev

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

this document for pipe-type holders used for fluids with a vapour pressure of more than 100 kPa

pressure of

which shall

he fluids is

instrument

11l meet the

connecting

minimizing
or pulsation

he intrusion

of the fluid
bls, together

with

1 P2 FVE 1 Loz £o:1 Lhicgh + s £ o1 o3 £
dral T COTTUTCIOITIS — SUtIir a5 pOWCCT SUppPTy ramal G ST CCIpetTratar T UT CTre et ieTIrotor—v

indings 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.

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.
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8 Materials and coatings

8.1 Gener

al material requirements for pipelines and primary piping

8.1.1 Selection

Materials fo

r use in the pipeline and primary piping shall

design requirements of 6.4,

have th¢

NOTE M

have the mechanical properties, such as strength and toughness, necessary to comply with the

be suitable for the intended fabrication and/or construction methods.

hterial requirements for secondary piping are addressed in ISO 15649.

8.1.2 Matlerials for sour service

Specificatio
and ISO 151

s for materials in sour service shall meet the requirements in ISO 15156-1, ISO 151
56-3 as applicable.

8.1.3 Consistency of requirements

Requiremen
EXAMPLE
brittle fractu

8.1.4 Che

Ferritic steg
have a maxi

— 0,45 for
0,48 for]

Ferritic stee
CE not exced

The purcha
acceptable 1

The CE shal
CE=C+

ts shall be specified consistently for all pressure-cofitaining components.

Such requirements include chemical composition‘to.ensure weldability and toughness to pr
Ire.

mical composition

| materials intended for welding and*for which a product standard is not available s}
mum carbon equivalent, CE, of

grades with a specified minitnum yield strength not exceeding 360 MPa, and
grades with a specified minimum yield strength above 360 MPa.

| materials intendéd for welding and for which a product standard is available shall h
ding the above vahies or the values quoted in the product standard, whichever is the lo

ser of materials may consider applications for which higher CEs are acceptable o
haximuna GE requires further limitation.

be calculated as given in Formula (8):

 properties necessary to comply with the requirements for corrosion control of Clausé 9

,and

56-2

event

jould

hve a
ivest.

r the

Mnl/ﬁ + ((‘r + Mo + V)/E‘ + (Ni + (‘11),/1 g

(8)

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

NOTE

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

The formatting for Formula (8) does not conform to the standard ISO formatting but it has been

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

CE=C+

32

Mn/6 + 0,04

(9)
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8.1.5 Brittle fracture toughness
Materials shall be selected and applied in such a way that brittle fracture is prevented.

Materials used in pipelines and primary piping transporting category C, D and E fluids, with a nominal
diameter above DN 150 and of ferritic, ferritic/austenitic or martensitic stainless or carbon steel, shall
meet the following minimum Charpy impact energy values for full-size Charpy V-notch test specimens:

360 MPa;

27 ] average/20 ] individual for grades with specified minimum yield strength not exceeding

40 J average/30 | individual for grades with specified minimum vield strength above 360 MPa.

The
trans

in pij
NOTH
Full-

taper
hinimum required impact energy values reduced in proportionito the thickness of the specimen

the 1

requirements for preventing brittle fracture of materials in pipelines and_/prix
porting category A and B fluids and of components with a nominal diameter notexcee

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

kize Charpy V-notch tests shall be carried out in accordance with ISO 148-1. The
ed test pieces specified by ISO 3183 may also be used. Reduced-size’specimens may b

when the thickness of the components being tested does not permit a full-size Charpy V-no

The
whil
prim|

The

fest temperature shall not be higher than the minimum*temperature the material car
e under pressure. Lower test temperatures shall be considered for gas or gas/liquid pjipelines and

ary piping, for offshore risers and for large-thickness‘components.

requirements for preventing brittle fracture shall be met in the parent metal and

components, the weld metal and heat-affected zones by the use of a welding procedure

prov

8.1.4

The
arred

deter

NOTH
thea

Char
temy
grou

Mech
not |

jde the specified brittle fracture resistance,

Shear-fracture toughness

parent metal of line pipe for pipelines conveying category C, D, and E fluids shall b
ting running shear fracturesi\The phase behaviour of fluids during sudden decompres
mined and the required shear-fracture arrest properties verified for all phases.

'rest of running shedrfractures.

erature the“pipeline can experience during service under the effect of lowest air,
nd temperature.

anical~crack arrestors consisting of sleeves or heavy-wall pipe may be applied
practical to achieve the toughness required for fracture arrest. The consequences

b oAtion chall datnenin g locatione and matntrnriy oot g Af gt arc Al g b a

nary piping
ding DN 150

pelines transporting category C, D and E fluids shall be determined based on the-design conditions.

alternative,
e tested and

rch test.

| experience

for welded
qualified to

e capable of
sion shall be

[SO 3183:2012, Annex G provides guidance on determining the fracture-toughness reqliirements for

py V-notch testsshall be carried out, in accordance with the requirements of 8.1.5, at the minimum

seawater or

where it is
of fracture
bline.

prop

+tha d L B
SacroTr strart GCTCT Tt CTOCO tIOTI S AT THIHHHTTHITO T S PatTiTg OUT al L CotOT S altUlTg - prp

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 materials subjected to heat treatment, hot or cold forming, or other processes that can affect
the material properties, compliance with the specified requirements in the final condition shall
be documented. Documentation shall be provided for the parent metal and, in the case of welded
components, for the weld metal and heat-affected zones.
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duction qualification programmes

Requirements for production qualification programmes and pre-production testing for material should
be considered on the basis of available experience with previous fabrication of that material.

8.1.10 Marking

Materials and components shall be marked in accordance with the requirements of the applicable
product standard or, if not specified, the requirements of MSS SP-25.

Marking by die stamping shall be done in a manner resulting in minimum stress concentrations and at

locations whrerethremarkinmg witt mot betrarmfut:

8.1.11 Inspection documents

All material
be traced td
certificate t

8.1.12 Spe

All materia
accordance

Requiremen
supplement

Detailed sp
requiremen
for material

8.1.13 Reu
The reuse o
— the speq

inspect

the pipeline component. For materials for pressure-retaining componénts, an inspe
ype 3.1 in accordance with ISO 10474 shall be supplied as a minimum.

cifications

s for line pipe, piping components and coatings shall € manufactured and usq
with the requirements of the relevant product standard and’of this document.

ts of this document not included in the relevant proeduct standard shall be specified
bd to the product standard.

pcifications, which shall include the required\properties, dimensional requirementg
Ls for fabrication, testing, inspection, certification and documentation, shall be pref
5 if a relevant product standard is not available.

se of components

f components is permitted, provided

on documentation cgmplies with the requirements of 8.1.11, and

5 shall be supplied with an inspection document in accordance with ISO 10474, which can

ction

d in

and

and
ared

ification for the original fabrication is known and meets the requirements of this docuinent,

— itis denjonstrated by in§pection, following cleaning, and repair where permitted by this document,

that the

The line pipe for which the specification of the original fabrication is not known may be usg

grade L245
meets the r

y are sound and.free from defects.

only, provided it is demonstrated by adequate inspection and testing that the line
equirements of ISO 3183. The use of such materials shall be limited to pipe operati

d as
pipe
ng at

stress levels

elow 30 % of the specified minimum yield strength.

NOTE

8.1.14 Records

The pipeline operator can clarify in project specifications his acceptance of the reuse of materials.

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 13.1.8.

34

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=7e0e4ba7d568e5844bedd4664537a071

8.2

IS0 13623:2017(E)

Line pipe

8.2.1 Carbon steel pipe

Line

8.2.2

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

Stainless steel and non-ferrous metallic pipe

Stainless steel and non-ferrous metallic line pipe may be welded or seamless pipe.

8.2.

Carbhon-ctoeal nine nlocc ctoanl orn 1S 1) e lauay

Carb

The
ferra
to th
3 mn

The 1
and 4

8.3

8.3.1

Flan
reco
of AY

Com
the f

Cons

waadth-cia on-fo atalls
uuuuuuuuuuuu ipe-with-stainlesssteel-ornon-ferreusmetalliclayer
pn steel line pipe shall conform to ISO 3183.

lesign and internal corrosion evaluation shall address whether the internal-$tainless §
us metallic layer should be metallurgically bonded (clad) or may be mechanically bo
e outer carbon steel pipe. The minimum thickness of the internal layer_should not
1 in the pipe and at the weld.

equirement of pipe-end tolerances closer than specified in ISO 3183 for welding shall
pecified if deemed necessary.

Components other than pipe

Flanged connections

bed connections shall meet the requirements.af ISO 15590-3, ASME B16.5 or MSS SP
bnized codes. Proprietary flange designs arelpermissible. They should conform to reley
ME BPVC, Section VIII, Division 1.

pliance with the design requirements-oef ISO 15590-3 shall be demonstrated when de}
ange dimensions and drillings specified in ISO 15590-3.

ideration shall be given to_matching the flange bore with the bore of the adjoining

facilitate alignment for welding:

Gask

ets shall be made of matetials that are not damaged by the fluid and shall be capable of w

the pressures and temperatures to which they are subjected in service. Gaskets for se

oper

Bolt

hting temperatutesabove 120 °C shall be of non-combustible materials.

material shall-be compatible with the operating and environmental conditions a

pipeline material. Bolts or studbolts shall completely extend through the nuts.

8.3.2

Bends made from pipe

teel or non-
hded (lined)
be less than

be reviewed

44 or other
ant sections

iating from

pipe wall to

ithstanding
rvices with

nd with the

Ben

STay be made front pipe by hot, cold or imduction bending- Mitred bends shratt mot be

The requirements for hot or cold bends are as follows.

Pipe shall 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.

provided it meets the requirements of ISO 15590-1:2009, 10.5.1.

the adjacent piping.

© ISO
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Wrinkling shall not be permitted, however, “waving” on the pipe bend intrados is acceptable

All areas of the bend shall comply with the requirements for specified minimum wall thickness of
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Bends shall comply with the mechanical properties specified for the pipe in 8.2.

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

Testing and

inspection of bends shall be done in the delivery condition.

8.3.3 Fittings

Fittings shall comply with the requirements specified in ISO 15590-2.

Fittings shall be made from fully killed steel and made using recognized practices to provide the

intended he

ttreatresnonse and notch toughness nronerties
r (=] r r

8.3.4 Valy

Ball, check,
shall meett

8.3.5 Fab

Fabricated i
the electricd
non-metalli

8.3.6 Oth
The design

ASME BPVC
other comp

8.4 Coati
8.4.1 Ext¢

8.4.1.1 C(q

Concrete we

8.4.1.2 (Cd

Plant-applie
follows:

three-14

€S

bate and plug valves shall meet the requirements of ISO 14313. Valves for subsea applic
he requirements of ISO 14723.

ricated isolating couplings

solating couplings shall be pressure-tested to 1,5 x MAOP and tested electrically to cof
1l discontinuity, prior to installation in the pipeline. All process wetted parts, metalli
F shall be compatible with the design service conditions.

er components

of components for which there is no product<standard shall meet the requiremen
Section VIII, Division 1. Fabrication welding.anhd welding attachment to the pipeline,
nents, shall be in accordance with ISO 1384%

ngs
brnal coatings

ncrete weight coatings

ight coating shall cemply with ISO 21809-5.

ating for corrosion prevention and thermal insulation

d coating-shall comply with the requirements of 9.5 and the applicable part of ISO 218

yer polyolefin coating: ISO 21809-1;

htion

firm
t and

ts of
of all

DI as

multi-la

single-layer fusion bonded epoxy (FBE) coating: ISO 21809-2;
two-layer polyolefin: ISO 21809-4;

yer fusion bonded epoxy (FBE) coating.

8.4.1.3 Thermal insulation coatings

Thermal insulation coating shall comply with a recognized standard or specification, covering the

following re

quirements:

— type of coating and reinforcement, where relevant;

— thickness of individual layers and total thickness;

36
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— composition and/or base material;
— mechanical properties;

— temperature limitations;

— surface preparation requirements;
— adhesion requirements;

— requirements for materials, application and curing, including possible requirements for health,
safety and environmental aspects;

— 1fequirements for qualification testing of coating system and personnel, where releyant;
— fequirements for testing and inspection;
— fepair procedures where relevant.

Wet thermal insulation for subsea application shall be in accordance with4S0"12736.

8.4.2 Internal coatings/linings

Interjnal coating should, in general, comply with a recognized standard or specification ¢overing the
following requirements:

— fype of coating and reinforcement, where relevant;
— thickness of individual layers and total thickness;
— ¢omposition and/or base material;

— 1nechanical properties;

— flemperature limitations;

— gurface preparation requirements;

— adhesion requirements;

— Tequirements for materials, application and curing, including possible requirements for health,
gafety and envirommental aspects;

— Tequirementsfor qualification testing of coating system and personnel where relevant
— Tequirements for testing and inspection;

— repainprocedures where relevant.

Antilfriction coatings should have a minimum thickness of 40y

T e >t

9 Corrosion management

9.1 General

Internal and external corrosion of pipeline systems shall be managed to prevent unacceptable risk of
failure or loss of operability from corrosion within the specified design life. The corrosion management
should include the following:

— identification and evaluation of the potential sources of corrosion;
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evaluations;

identification of the necessary corrosion mitigation;
definition of the requirements for corrosion monitoring and inspection;

review of the findings from corrosion monitoring and inspection;

changes in the design conditions and environment.

Internal and
material(s),

The evaluat
of laborator

Any corrosi
design life.

Possible int
preservatio

9.2 Inter

Possible los{

The possibl
temperaturg

Component;
potential fd
temperaturs

EXAMPLE
sulfide, elem
solid deposit

upstream actfivities, contamination from-upstream process upsets.

The types o
— general
localize

microbi

plogically induced corrosion;

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

periodic modification of the requirements of corrosion management, as dictated by experience and

["external corrosivity evaluations shall be carried out to document that, for the Seld
corrosion can be controlled within the design intent over the design life.

ons should be based on relevant operating and maintenance experience and/or the re
y testing.

pn allowance should take into account the type and rate of corrosion predicted fo

brnal and external corrosion of materials during transport, storage, construction, teg

hal corrosivity evaluation
or degradation of materials shall be determined for all design conditions (see 5.1).

e formation of free liquid water shall be evaluated for the fluid velocities, pressureg
s anticipated during operations.

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

Fluid components that may cause or affect internal corrosion include carbon dioxide, hyd
ental sulfur, mercury, oxygei-water, dissolved salts (chlorides, bicarbonates, carboxylates,
s (in relation to line cleanliness), bacterial contamination, chemical additives injected d
f potential corrosiento be addressed shall include the following:

material loss-and degradation;

d corrosion; such as pitting under deposits and mesa- or crevice-type attack;

stress c

h, commissioning and operational upset conditions shall be included in the evaluationg.

bcted

sults

r the

ting,

and

their
and

fogen
etc),

uring

acking:
&

erosion

38

hydrogen-induced cracking or stepwise cracking;

stress-oriented hydrogen-induced cracking;

and erosion-corrosion;

corrosion fatigue;

bimetallic/galvanic couples, including preferential weld corrosion.
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9.3 Internal corrosion mitigation

9.3.1 Methods

Methods for the mitigation of internal corrosion may include the following:
— amodification 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 shotild be considpred.

9.3.2 Revision of design conditions

Fluid-processing facilities upstream of the pipeline system and frocedures for operating [the pipeline
systdm may be reviewed to identify opportunities for the\removal of corrosive components or
condjfitions identified during the corrosivity evaluation.

9.3.3 Chemical additives
Factors for consideration during the selection of chemical additives should include the following:
— ¢ffectiveness at water-wetted areas over-the full pipeline system;

— YVelocity variation of fluids;

— partitioning behaviour in multiphase systems;
:i)nfluence of sediments and-seales;

— ¢ompatibility with the-flirid specification;

— ¢ompatibility with'other additives;

— ¢ompatibility’ with the component materials, in particular non-metallic materials;
— personnél safety in chemicals handling;

— ¢nvitonmental effects in the event of discharge;

deslasl e 3d=1 b | . £41 H 1 4
— CUIIIPAtIUIIIty WILIT UPTI AUUILS UUWIISUT CAIIT UT ULIT PIPTIIIT Sy SLTIIL.

9.3.4 Internal coatings or linings

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

Factors for consideration during coating or lining selection should include the following:
— internal coating of field joints;
— application methods;

— availability of repair methods;
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— operating conditions;

— long-term effects of the fluid(s) on the coating/lining;
— resistance to pressure change;

— influence of temperature gradients over the coating;

— compatibility with pigging operations.

9.3.5 C(leaning

Requirements for the periodic internal mechanical cleaning should be determined. Factars for

consideratign should include the following:

a) the removal of accumulated solids and/or pockets of corrosive liquid to assist in the-réductipn of

corrosi¢n in these areas;
b) enhanc¢ment of the effectiveness of chemical additives.
In choosing p mechanical cleaning device, consideration should be given to

— theposgible consequences of removing protective layers of corrosionproducts or chemical addi
or damgdge to internal coatings or linings, by mechanical cleaning;@and

— the possible adverse effects of contacts between pipeline systém materials, such as stainless s
and the|materials of mechanical cleaning devices.

9.4 Externnal corrosion evaluation

ives,

reels,

The possibility of external corrosion occurring shall be determined on the basis of operpting

temperatures (see 5.1) and the external conditions«(see 6.2).

Table 6 listg typical environments that shall be:€onsidered when evaluating the possibility of ext
corrosion.

Table 6 — Environments to be considered for external corrosion

brnal

Offshore pipelines On-land pipelines
Atmosphere|(marine) Atmosphere (marine/industrial/rural)
Air/water interface (splash Zon€) Sea water (tidal zone/shore approach)
Sea water Fresh or brackish water
Seabed or byried in seabed Marshes and swamps
Inside bundles or Sleéves River crossings
Rock dump/¢angrete mattresses Dry or wet soil
Inside J-tubes/caissons Inside tunnels, sleeves or caissons

Environmental parameters that should be considered include the following:
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;
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g) potential soil pollution by hydrocarbons and other pollutants.

The evaluation of corrosion measures should take into account the probable long-term corrosivity of
the environment rather than be solely confined to the as-installed corrosivity. For on-land pipelines,
due consideration should be given to any known planned changes in the use of the land traversed by the
pipeline route that can alter the environmental conditions and, thus, soil corrosivity, e.g. irrigation of
land previously arid or of low corrosivity.

The possible effect of the pH of the environment and possible sources of stray d.c. and alternating
currents shall be evaluated for on-land pipelines.

The

— general metal loss and degradation;
— localized corrosion, e.g. pitting under deposit or crevice attack;
— 1nicrobiologically induced corrosion;

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

9.5.1 Protection requirements

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

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

9.5.7 External coatings

The ¢ffectiveness in providing the'required protection and the possible hazards during application and
service shall be considered when selecting external coatings.

Parameters for consideration when evaluating the effectiveness of external coatings shall include the
following:

— ¢lectrical resigtivity of the coating;
— 1Inoisture‘permeation and its relation to temperature;

— 1equired adhesion between the coating and the base material;

3 | rad 4 1. £ lo ot 4] 43 | pa I ] 43 3 3
— ICHUIIcu TToISLAdIILT U SIITtdl TUTTTS "DTLWTETID LT LU dlIU dUUItiUIIdl LUdLIILS, 1 lsulatlon or

environment;
— susceptibility to cathodic disbondment;
— resistance to ageing, brittleness and cracking;
— requirements for coating repair;
— possible detrimental effects on the pipe material;
— possible thermal cycling;

— resistance to damage during handling, shipping, storage, installation and service.
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External coatings of line pipe should be factory-applied, except for field joints and other special points,
which shall be coated on site.

Field joints shall be protected with a coating system that is compatible with the line-pipe coating. The
coating should meet or exceed the line-pipe coating specification and allow satisfactory application
under the predicted field conditions.

Thermally insulated pipelines should include an anti-corrosion coating.

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

9.5.3 Cat‘wdic protection

Cathodic prptection 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.

9.6 Moniftoring programmes and methods

9.6.1 Requirement for monitoring

The requirdments for corrosion monitoring programmes shall be established on the basis of the
predicted cqrrosion mechanisms and corrosion rates (see 9.2 and 9.4))the selected corrosion mitigption
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 corrgsion
or other defects is required over the full length of the pipeline; Approximate rates or trends of corrpsion
degradation may be determined by analysis of results of consecutive metal loss inspections.

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

9.6.2 Monitoring internal corrosion

9.6.2.1 Sglection of techniques

The selection of techniques for thexmonitoring of internal corrosion shall consider the following:
— anticipdted type of corrgsien;

— potentigl for water sepdration, erosion, etc. (flow characteristics);

— anticipdted corrosion rate (see 9.2);

— requirefl aceuracy;

— availablenternal and external access,
— hindrance of the passage of pigs or inspection vehicles by internal obstructions.

NOTE Possible techniques include the installation of devices such as coupons or probes to give an indication
of the corrosion in the pipeline system or periodic 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 obtain representative indications of corrosion in the pipeline.
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Monitoring external condition

Accessible sections should be visually surveyed periodically to assess the conditions of the pipeline
system and, where applied, the external coating. Buried or submerged pipelines 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 on-land pipelines shall be determined, taking
into account the selected coating and predicted degradation, the soil type, the observed cathodic

protor‘finn pnfnnfin]c and current demands and known metallgss

NOTH

9.6.4

Perid
and |

9.7
All fi
—

— 1

Applicable survey techniques are described in ISO 15589-1.

Monitoring cathodic protection

dic surveys shall be carried out to monitor the cathodic protection in accordance with
SO 15589-2.

Evaluation of monitoring and inspection results
ndings of the monitoring and inspection activities shall befanalysed to
eview the adequacy of the corrosion management,

dentify possible improvements,

9.8

Docy
corr

h— q
—

q

— ]:dicate the requirement to modify the corrosion-management requirements.

Corrosion-management documentation

mentation that describes the following shall be prepared in accordance with the requ
sion management given in-9:1'to 9.6:

issessment of the corrosien threats and associated potentials for failure;
hoice of materials\and corrosion mitigation methods;
election of ingpection and corrosion-monitoring techniques and inspection frequencis

iny spegific decommissioning and abandonment requirements associated with {
orrosien-management approach.

[SO 15589-1

indicate a requirement for further detailed assessment of the pipeline system condition, and

rements for

S;

he selected
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10.1 General

10.1.1 Construction plan

A construction plan shall be prepared before the commencement of construction to assist in the control
of the work. This plan shall be commensurate with the complexity and the hazards of the work and
should contain, as a minimum

— adescription of the construction,

— ahealth, safety and environment plan, and
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— 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

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 diyiring
constructiof should be established. Owners and/or operators of the facilities sheuld be consulted when
defining thgse temporary provisions and safety measures and shall be given timely notification ¢f the
commencenpent of construction.

EXAMPLE Other facilities can include existing roads and railways, waterceurses, footpaths, pipelines, dables
and buildingg.

10.1.3 Plant, equipment and marine vessels

All major plant, equipment and marine vessels used foriconstruction shall be inspected beforgq and
during congtruction to determine their suitability forthe intended work in accordance with jgood
engineering practice.

10.1.4 Transport and handling of materials

Handling, stforing, transport and installation of materials shall be performed in a manner that preyents
or minimiz¢s damage to pipes, fittings,"Components and coating. Transport and handling procedures
may be required. These procedures—should identify the equipment being used and the stag¢king
requirementgs.

NOTE API RP 5LW and APFRP5L1 provide guidance for the transport of line pipe.

Materials sHall be inspected for damage and defects that do not conform to the specifications. These
materials shall not be-installed unless the damage and/or defect has been removed or corrected.

10.2 PrepTration 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 access to the route has been granted and before commencement of construction. Reports of these
inspections shall state the condition of the items potentially affected by construction and record the
mutual approval 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 to construction. Marking shall be maintained in good condition during the
construction period.
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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 are
necessary to observe within the working width shall be defined in the construction specifications.

EXAMPLE 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

and shall be

Blasting-shal-be-inaceordance-with-relevantlegislationand-envirenmental-constraints

performed by competent and qualified personnel.

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 b
along the proposed pipeline route to identify potential hazards «for the pipeline or d
opergtions.

10.3|2 Seabed preparation

Seabgd survey data shall be analysed and seabed prepdration undertaken, if necessary,
strength criteria in 6.4.2.

10.4 Welding and joining

10.4{1 Welding standard

Weld
of th

10.4

Exan
ISO 1
befol

All W

Radi
shall

ing of the pipeline and primary piping shall be carried out in accordance with ISO 13§
b secondary piping shall be carried out in accordance with ISO 15649.

2 Weld examination

nination of welds dn;-the pipeline and primary piping shall be performed in accoj
3847 and, except,as allowed for tie-in welds in 11.5, the weld examination shall be
e pressure-testing.

elds shall-be examined visually and by radiography or ultrasonic testing.

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

b performed
onstruction

to meet the

47. Welding

‘dance with
carried out

bxamination

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.

10.4.3 Joining other than welding

Joining by other techniques shall be performed in accordance with approved procedures.
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10.5 Coating

10.5.1 Field joint coating

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

10.5.2 Coating inspection

Coatings shall be visually inspected at the time of pipe installation to ensure compliance with the
specified standard and application procedure.

Immediately
the entire d
correct volt
in its final p
replaced an

Coating on {
detector pri

10.6 Insta

10.6.1 Pip

Stringing sh
provisions f]
across the W

10.6.2 Field pipe bends

Pipes may b
shall be mad
buckling or

The minimuy|

20 D for

30 D foq

40 D for

Field bends
is not great
properties 1

 before the pipe is lowered into the trench, or before the pipe leaves the installationvg
oating surface shall be inspected, where accessible, using a holiday detector set t
hge applicable to the coating. Defects shall be marked and repaired before the pipe-s p
psition. Where coating damage or disbondment has occurred, the coating shallbe rem
l retested.

pr to installation.
[lation of on-land pipelines

b stringing

all be performed in accordance with written procedures that define access limitation
br minimizing interference with local and publicdand use and include provisions for a
rorking width.

e bent cold in the field to fit pipeline‘alignment and topographical conditions. Field h
le on bending machines that provide sufficient support to the pipe cross-section to pr¢
wrinkling of the pipe wall and to maintain coating integrity.

m bending radii should nétbe less than the following:
pipe OD of less than(Z00 mm;

pipe OD of 200 tun to 400 mm;

pipe OD of 6ver 400 mm.

may be miade to a shorter radius than shown above provided that, after bending, the oy
er and~the wall thickness is not less than permitted by the design and that the mat
heet the toughness requirements specified for the line pipe.

bssel,
b the
aced
bved,

ie-ins, special assemblies and pipe sections for crossings shall be inspected with a holiday

5 and
Ccess

ends
rvent

ality
erial

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 should not be made from pipe lengths containing girth welds that are within 1 m of the bend.
Longitudinal weld seams should be placed near the neutral axis of field bends.

10.6.3 Excavation

Trench dept

46

h shall be sufficient to provide the cover specified in accordance with 6.8.2.1.
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Trench side slopes shall be analysed to determine whether shoring or sloping is required to provide safe
working conditions. Erosion-mitigation measures should be established to prevent trench instability
and damage to the environment.

The trench bottom shall be flat and free from sharp edges or objects that can damage the pipe or its
coating. If this is not possible, the pipe shall be protected by installing bedding material or mechanical
protection. Any bedding material or mechanical protection shall not act as a shield to the passage of the
cathodic-protection current to the pipe surface.

When work is performed in the trench, it shall be widened and deepened to allow safe working
conditions. Precautions shall be taken prior to personnel entering the trench to ensure that a safe, non-
flamprabte qtlllUDthUl eis Pt esertWhentt Cu\,hius OCCHutrs qdja\,cut to CA;Dtills tHrdet grotng structures,
precautions shall be taken to avoid damage to such structures. A minimum separation of 03 m shall be
provided between the outside of any buried pipe and the extremity of any other undergrourd structure,
unlegs special provisions are made to protect the pipeline and the underground structure.

10.6}4 Lowering pipe

Priof to lowering, the trench bottom shall be clean and free of objectslikely to cause coating damage
and ghall be graded to provide uniform support to the pipeline.

Equipment or methods used for lowering the pipe into the trefich shall not damage th¢ pipe or its
coating. Lifting and lowering procedures shall such that the strength criteria specified in $.4.2 are not
exceeded.

10.6{5 Backfill
To avoid coating damage, backfill should be carried-out as soon as possible after lowering.

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

Backifill materials or protective measures shall be selected to prevent damage to the pipe of its coating.
Field drains, ditches and otheryzdrainage systems interrupted during the work should be reinstated.

Back{fill materials and installation methods under roads, footpaths, shoulders, banks and siimilar areas
shalllbe selected to ensure’the stability and integrity of these facilities. When terrain, sojl and water
condjiitions are presentthat can cause erosion, consideration shall be given to the installatiop of barriers
to prevent land slippage or washout.

10.6{6 Tie-in

Tie-ip procedures shall include provisions for controlling the pipe stress to the allowable strength
critefiain 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.

10.6.8 Crossings

All crossings shall be carried out in a manner that meets the requirements of 6.2.1 and 10.1.2.
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Where watercourses are crossed by the open-cut method, consideration shall be given to the composition
of the bottom, variation in banks, velocity of water, scouring and special seasonal problems. Work shall
be executed 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
conditions that can cause pipe stress or strain to exceed the levels established in the design.

Installation procedures for horizontal directionally drilled crossings shall address the requirements
unique to such crossings, for example,

— containment and disposal of drilling fluid,

— selectiop of abrasion-resistant corrosion coating, and

— instrunjentation for monitoring drilling profile, alignment and pulling forces.

10.6.9 Markings

Pipeline location markers shall be placed as specified in 6.8.1.
10.7 Insta]lation of offshore pipelines
10.7.1 Marine operations

10.7.1.1 Anchors and station-keeping

The station{keeping system should have adequate redundancy or back-up systems to ensure that pther
marine vessels or installations are not endangered by its-partial failure.

Constructioh vessels using anchors to maintain. position should do so in accordance with a
predetermimed anchor pattern. The anchor pattérn 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 anddngtallations;

— vertical|clearance between anchor cables and pipelines;
— proposdd pipeline routeand lay corridor;

— temporary works present during the construction period;

— anchor patterns.ef other vessels in the vicinity;

— construlction-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 fixed structures, subsea installations or other pipelines.

All anchors transported over subsea installations or pipelines should be secured on the deck of the
anchor-handling vessel. Construction-vessel anchor winches should be equipped with a cable length
and load indicator.
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Prior to beginning the work, contingency procedures shall be prepared. These should include the
following:

a) worksite abandonment;

b) pipe buckles (wet and dry);

c 1

oss of coating;

d) abandonmentand recovery of the pipeline.

10.7

Priof
and

given to the appropriate entities, such as coastguard, fishermen and other ugets of the sea.

10.7
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includes a shoreline crossing.
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1.3 Notifications

fables that will be crossed during pipeline construction or pipeline tow. Notification

2 Survey and positioning systems

vontal surface positioning, either satellite- or land-based, should form the basis
fruction vessels, pipeline position and points of referencé. for local positioning sy
ioning system shall have sufficient accuracy to allow placemeént of the pipeline within th
fied in the design documents. Operations in congesteghareas and work requiring pre
equire a positioning system of greater accuracy thamthat required for pipeline placen

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

3 Pipe laying

should be specified and ordered inlehgths to suit the spacing of lay-barge work statio
tions in length do not disrupt operations.

pipe-laying and tensioning-Systems shall be capable of laying the pipeline without ey
gth criteria in 6.4.2 andshall be designed to prevent damage to the coating and anod¢

'ritical support points-of the pipeline on the stinger should be monitored by video.

le detectors should be used during pipe laying to detect reductions in diameter
ctors shall béeapable of determining diameter changes of 5 % or greater.

umentation should be provided to monitor and record the parameters required to ¢
the allowable strength criteria in 6.4.2 are not exceeded.

to construction of offshore pipelines, notification shall be given to operatorsief existing pipelines

thall also be

for locating
ystems. The
e tolerances
rise location
ent.

the pipeline

ns, such that

ceeding the
S.

of the pipe.

lemonstrate

surface, can

in€s installed by towing into position, either on the bottom, off-bottom or on the

requ

re a monitoring and/or guard vessel to prevent interference with the towed pipeli

vessels.

ne by other

Construction plans for the J-lay and reel barge methods shall address the unique stress levels and

tensi

10.7.

oning requirements associated with such methods.

4 Landfalls

Landfalls by bottom pull, directional drilling or other methods shall not cause the pipeline design
stresses or strains to exceed the strength criteria in 6.4.2 or damage to coating and anodes.
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10.7.5 Trenching

Trenching depth and profile should be selected to ensure that the pipeline stresses during trenching
operations do not exceed the strength criteria in 6.4.2. Loads imposed on the pipeline during trenching
should be monitored. Consideration shall be given to the extra loads imposed if the pipeline is flooded.
Monitoring for boulders, debris and excessive spanning should be carried out. Trenching methods and
equipment shall be selected to prevent damage to the pipe, coating and anodes and should be suitable
for the soil conditions.

Post-lay and simultaneous-lay trenching equipment shall be provided with instrumentation that
monitors and records the parameters required to demonstrate that the strength criteria are not
exceeded.

EXAMPLE Acceptable trenching methods include jetting, ploughing, mechanical cutting for reek“or|hard
soils and dreflging.

10.7.6 Backfilling

Backfill matierial shall be placed in a controlled manner to prevent pipe and pipe¢coating damage apd to
ensure the dpecified grading, cover and profile requirements are met. Backfill ppofiles shall be selg¢cted
to minimize|interference with fishing and other third-party activities.

10.7.7 Crosgsings of other pipelines and cables

The location, position and condition of a pipeline or cable being ctossed shall be determined bgfore
constructiof of the crossing.

If preset supports are specified, the position of the existing pipeline or cable and the crossing point
shall be accyrately established prior to installing supports: The installation of supports should prqduce
a smooth crjossing profile that minimizes the risk of - damage to either structure from external fprces
such as fronp anchors and fishing equipment.

Horizontal-§urface positioning systems shalkbe supplemented by an on-bottom positioning system.
Because of tlhe close tolerances required, the-erossing installation should be monitored to confirnj that
the structures are in their correct position.

10.7.8 Spaps

The pipelin¢ shall be surveyedfor the presence of spans and span rectification shall be performed,
where requjred, to satisfy-the strength-criteria limitations of 6.4.2. The potential for scour angl the
stability of qupports or imperted material shall be established.

10.7.9 Tie{ins

Constructiop procedures for tie-ins shall include provisions for controlling the pipe stress t(l) the
allowable stirength criteria in 6.4.2

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.
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As-built surveys

Upon completion of construction, an as-built survey shall be performed to record the accurate location
of the pipeline, crossings, adjacent features, spans and associated appurtenances.

10.1

0 Construction records

Permanent records in reproducible and retrievable form that identify the location and description of
the pipeline system shall be compiled upon completion of the work and shall include the following:

— as-built surveys;

—

— q

—

11

velding documentation;
1s-built drawings and technical specifications;

onstruction procedures.

Testing

11.1 General

Pres

The
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JR— q
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bure-testing shall be in accordance with 6.7.

number of test sections should be minimized. Selection of test sections shall take into
ving:

afety of personnel and the public and the protection of the environment and other fac
onstruction sequence;

errain and access;

gvailability and disposal of test water.

test medium is subject tothermal expansion during the test, provisions shall be made
S pressure.

pment that should notbe subjected to the test pressures shall be isolated from the pip
ng.

s should not’be used as end closures during pressure-testing, unless rated for the
bure across'the valve during testing. All devices used as end closures shall have suffici
thstandthe test pressure.

Temporary testing manifolds, temporary pig traps and other testing components connecte
sectimmmmmmw i i ipeli

account the

lities;

for relieving

eline during

differential
ent strength

d to the test

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 pre-tested
in accordance with the provisions of this document. 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.
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Warning signs shall be placed and the pipeline route, patrolled as appropriate to prevent access 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 safety of the public, construction personnel, adjacent facilities and the protection of the environment
shall be ensured when depressurizing the test medium. If air or gas is used as a test medium, it shall be
relieved by reducing pressure in a controlled manner.

11.3 Procedures

11.3.1 Wri|tten procedures

Written procedures for strength and leak tests shall be prepared prior to the beginningfef testing and
shall includ¢ the requirements of 6.7 and the following:

— profile, which should indicate the pipe grade and wall thickness, and length of.each test sectionfwith
the test|pressure specified for each end of pipe section being tested;

— safety provisions;

— requirements for continuous monitoring (see 11.6 and 11.7);
— source gnd composition of test water and its disposal;

— equipment requirements;

— pressures and durations;

— evaluat]on of test results;

— leak-finfling.

11.3.2 Compmunications

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

11.3.3 Water quality

Water for tepting and flushing’should be clean and free from any suspended or dissolved substanceg that
can be harniful to the pipe-material or internal coating (where applied) or that can form deposits wjithin
the pipeling. Water samples should be analysed and suitable precautions taken to remove or injhibit
any harmfu] substahces. Consideration shall be given to the control of internal corrosion in accordance
with 9.2 and the menitoring of internal corrosion in accordance with 9.6.2.

11.3.4 Inhibitorsandadditives

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 Filling 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 piping, should be vented during the filling and sealed prior to beginning the
hydrostatic test.
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When the pipeline traverses steep terrain, provisions should be taken to prevent the pigs or spheres from
running ahead of the linefill and creating a safety concern at the end of the fill section. Consideration
should be given to the use of a pig-tracking system and to the use of backpressure to control the pig speed.

11.3.6 Air content

Where the air content can affect the accuracy of the hydrostatic test, the air content shall be determined
and accounted for during the evaluation of the test results.

NOTE

during the initial filling and pressurization until a definite linear relationship is apparent.

The assessment of air content can be carried out by constructing a plot of pressure against volume

11.3

Priofq
of th

11.3
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The |

11.5
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Non-

7 Temperature stabilization

to beginning the hydrostatic pressure test, time should be allowed after fillingfof the {
b water to stabilize with the ambient temperature.

8 Temperature effects and correlations

plations that show the effect of temperature changes on the test pressures shall be d
s the possible differences between the initial and final test pressures and temperatur

9 Leak-finding

detection and location procedures shall be developed-as part of the hydrostatic test p

Acceptance criteria

pressure test shall meet the requirements-of'6.7.

Tie-ins following testing
h welds not subjected to a strength test after tie-in shall be examined in accordance w

welded tie-in connectionS not pressure-tested after construction should be leak-ts

comimencement of operationiat the maximum available pressure but not exceeding MAOP.

11.6
Hydt

Testing equipment

ostatic testing-quipment should include the following:

eadweight tester or other device with equivalent accuracy;

ressure gauges;

emperature

eveloped to
bs,

rocedure.

th 10.4.2 ¢).

bsted at the

—  VOIUTTE Measuring equipIertt;

— temperature measuring equipment;

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

— seawater, underground and air temperature, where appropriate, and weather conditions at hourly
intervals;

— pressure recording charts;
— testinstrument calibration data;
— name of the operator;

— name of the person responsible for making the test;

— name of the test company, if used;

— date angl time of the test;

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

— test durfation;

— test accgptance signature;

— description of the facility tested and the test apparatus;

— explanation and disposition of any pressure discontinuities;\including test failures, that appear on
the pregsure recording charts;

— where dlevation differences in the section under test:éxceed 30 m, a profile of the pipeline showing
elevatigns and test sites over the entire length of thetest section.

11.8 Dispgsal of test fluids

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

11.9 Protgction following test

Test fluids ghall not be left in\the pipeline or piping following testing, unless provisions identifipd in
accordance with 9.2 have begn incorporated.

If water is Ysed as a test'medium in cold regions, provisions shall be made to prevent freezing df the
test water.

12 Pre-cdmmissioning 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.
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12.2 Cleaning and gauging procedures

Consideration shall be given to the requirement for cleaning and gauging the pipeline system beyond

that

required in 10.8.

Additional cleaning can be required to remove the following:

Additional gauging can be required to prove the suitability of the pipeline for iatelligent pig

Clea
a)
b)
‘)

12.3 Drying procedures

Drying methods should be selected on the basis.of the requirement for dryness to meet
specifications of the transported fluids.

Dryrless criteria shall be established as awater dew-point temperature. Drying procg
consj]der the following:

EXA
dryi

particles, including residue from testing and mill scale;
metallic particles that can affect intelligent-pig result interpretation;

chemical residue from test water inhibitor;

(Lrganisms resulting from test water;

¢onstruction devices, such as isolation spheres used for tie-ins.

ing and gauging procedures shall consider the following:
Irotection of components from damage by cleaning fluids or devices;
femoval of particles that can contaminate the fluid;

femoval of metallic particles that can affect intelligent pigging devices.

¢ompatibility with the transported-fluid quality specifications;

effect of drying fluids and\devices on valve seal materials, pipeline internal coatin
¢omponents;

¢orrosion potentialccaused by a combination of free water and the drying fluids, espec
adnd CO3 corrosiofi-potential;

femoval of water and drying fluids from valve cavities, branch piping and other ca
gystem where such fluids can be retained;

¢ffectipfthydrate formation during commissioning.

ging.

the quality

bdures shall

g and other

ially for HpS

ities in the

NPLE Drying methods include swabbing with drying fluids or gels, air or nitrogen pur

bing, vacuum

ng 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.
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12.5 Documentation and records

Pre-commissioning and commissioning records that shall be retained should include the following:

cleaning and drying procedures;

— cleaning and drying results;

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

12.6 Start-up procedures and introduction of transported fluid

Written sta|rt—up procedures shall be prepared before introducing the transported fluid  ifit

pipeline sys
— The pip
All fungd
All necsd
Operati
A comn]

During fillin
to exceed pé

NOTE Fi
atmospheres

Provisions

Considerati
13 Opera

13.1 Man4d

13.1.1 Obj

A managem|
the pipeline

Lem and shall require the following.

bline system should be mechanically complete and operational.
tional tests should be performed and accepted.

ssary safety systems shall be operational.

hg procedures shall be available.

unication system shall be established.

The completed pipeline system be formally transferred to those.responsible for its operation.

g with the fluid, the rate of fill shall be controlled afid the fluid pressure shall not be all
rmitted limits.

ling rates can be critical for certain fluids to prévent detonation, layering of gases, unstable
etc.

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

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

tion, maintenance and abandonment
gement

pctives and basic requirements

ent system shall be established and implemented to ensure safe and reliable operati
systéms

NOTE A

PISTD 1160, ASME B31.8S and EN 16348 give guidance on integrity management.

the

wed

Husty

on of

The management system shall include the following:

pipeline system and for key activities;

written
written
written

written

56

appropriate organization;

plan covering operating and maintenance procedures;
emergency response plan, covering failure of pipeline systems and other incidents;
permit-to-work system;

plan for the control of change of design conditions.

identification of personnel responsible for the management of the operation and maintenance of the
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In addition, the management system shall specify the requirements for training, liaison with third
parties and retention of records.

The operation, maintenance, modifications and abandonment of the pipeline system shall be carried
out in accordance with the plans.

The management systems shall be reviewed from time to time as experience dictates, and as changes in

the o

perating conditions and the environment require.

13.1.2 Operating and maintenance plan

The

— procedures for normal operations and maintenance;

— 1

— plan for the issue of procedures to cover non-routine operations and maintenance.

13.1

Oper]

s 1 e 1 1 11l . 1 | dul Larll -
pPeldliily dlIU HIdITILTHAIICT PIdil SIIAIT HTIICTUUC LT TUTTUVW I S.

equirements for personnel communications;

3 Operating and maintenance procedures

ating and maintenance procedures shall define the following:

— 1

Proc
deve

NOTH

13.1

The {
for rq

The

pipe
emel

Caus

individual and functional responsibilities and tasks;

interfaces with other pipeline systems and installations;

incicﬂents and emergencies. Simulations may be carried out in cooperation with operat

ecessary safety precautions;

elevant information and references to applicable rules and guidelines.

bdures for dealing with interfaces with other pipeline systems and installation$

oped in consultation with their operators.

Annex F provides guidance of: the possible content of the operating and maintenance pr

4 Incident and emergency-response plan

ncident and emergency-response plan shall define the requirements for personnel an
bsponding to incidenits’and emergencies and for training.

effectiveness ©f)the plan shall be tested periodically through desk and field sin

should be

cedures.

l equipment

hulations of
brs of other

ine system§ or facilities, organizations and individuals who are directly affected by an incident or

gency-eiwho contribute to the response.

es-of incidents and emergencies should be identified and analysed and actions 1

ecessary to

minik

1iZe recurrence implemented.

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

13.1.5 Permit-to-work system

The permit-to-work system shall define the activities to which it applies the personnel authorized to
issue a permit-to-work and the personnel responsible for specifying the necessary safety measures.

The permit-to-work system should specify requirements for the following:

— training and instruction in the issue and use of permits;

— reviewing the effectiveness of the permit-to-work system;
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— informing personnel controlling the pipeline system of the work activity and all related safety
requirements;

— display of permits;

— control of pipeline system operation in the event of suspension of the work;
— handover between shifts.

The permit-to-work should

a) define the scope, nature, location and timing of the work,

b) indicatg the hazards and define necessary safety measures,
c) referenc¢e other relevant work permits,
d) state the requirements for returning the pipeline system to service, and

e) state the authorization for execution of the work.

13.1.6 Trajning
Training of personnel should include, where relevant, the following:

— familianization with the pipeline system, potential hazards asseciated with the fluid, and procedures
for operations and maintenance;

— the use pf permits-to-work;
— the use pf protective equipment and fire-fighting equipment;
— provisiqn of first aid;

— responge to incidents and emergencies.

13.1.7 Liaison

Contacts should be established and imaintained with appropriate organizations and individuals, such as
the followinig:

— fire, polfice, coast guard and other emergency services;
— regulatpry and statitory authorities;
— operatoyrs of public utilities;

— operators-0f.other pipelines that connect to, cross, or run in close proximity to the pipeline;

— members of the public living in close proximity to the pipeline system;
— owners and occupiers of land crossed by the pipeline;
— third parties involved in any activity that can affect, or be affected by, the pipeline system.

Pipeline route maps should be deposited with statutory authorities or “one-call” organizations, as
appropriate.

NOTE A “one-call” organization collects information on underground facilities and, following notification of

construction in the area, advises the presence of these facilities. Local legislation can stipulate the requirement
for soliciting information on the presence of underground utilities before commencement of work.
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13.1.8 Records

Records of operating and maintenance activities shall be prepared and retained to

NOT

13.2 Operations

13.2}1 Fluid parameter monitoring

Procgdures for the operation of the pipeline system should define the enyelope of operatin

pernjitted by the design and the operating requirements and constraints for the control ¢f corrosion.

Fluid parameters should be monitored to establish that the pipeline,system is operated acc

Proc

Procpdures for the operation of multi-phase pipeline systems should include requirement
of liquid hold-up in the pipeline and free volume in the-$lug catcher.

Devigtions from the operating plan shall be invéstigated and reported, and measures
recufrence implemented.

13.2{2 Stations and terminals

Procgdures for the operation of stations and terminals should include requirements for §
shutdlown of equipment, and for the periodic testing of equipment, control, alarm andg
deviges.

13.2{3 Pigging

Procgdures for pigging)operations should include requirements for

demonstrate that the pipeline system is operated and maintained in accordance with the operating

and maintenance plans,

provide the information necessary for reviewing the effectiveness of the operationsand maintenance

plans, and

provide the information necessary for assessing the integrity of the pipeline system.

Annex A provides guidance on the retention of records.

¢onfirming that the pipeline is free of restraints or obstructions for the passage of pigs
¢ontrolof pig travelling speed,

gafé isolation of pig traps, and

o conditions

prdingly.

bdures for the operation of multi-product pipeline systemis should include requirements for the
detegtion, separation and prediction of arrival of batches.

5 for control

[0 minimize

tart-up and
| protection

contingencies in the event of a stuck pig.

13.2.4 Decommissioning

Consideration should be given to decommissioning pipeline systems planned to be out of service for an
extended 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,
decommissioned pipelines shall be cathodically protected unless abandoned.
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13.2.5 Recommissioning

The condition of a decommissioned pipeline system shall be established and its integrity confirmed
before re-commissioning.

Pipeline filli

ng shall meet the requirements of 12.6.

13.3 Maintenance

13.3.1 Mai

ntenance programme

Maintenanc
system and
when defini

pipeling
as-built
results
predictg
adverse
inspect
— require

EXAMPLE
the pipewall
cracking), ch

Unfavourab
corrective a

The mainte
other safetyj
means of id
attention sh

e programmes shall be prepared and executed to monitor the condition of the pip
fo provide the information necessary to assess its integrity. Factors that shall be consig
hg the requirements for condition monitoring include the following:

system design;
condition;
bf earlier inspections;
bd deterioration in the condition of the pipeline system;
site conditions;
on time intervals;
ments of relevant legislation and statutory authefities.
Possible deteriorations in pipeline condition¢include general and pitting corrosion, chang
seometry (such as ovality, wrinkles, dents, geuges), cracking (such as stress corrosion and f3

hnges in the pipeline position, support or cover, and loss of weight coating.

e results, such as defects, damage‘and equipment malfunctioning, shall be assessed
ction taken where necessary to maintain the intended integrity.

hance programmes shall cover the complete pipeline system, including fire-fighting
equipment, access roads,buildings, security provisions such as fences, barriers and g
entifying the pipeline, its components and the fluids it carries, and notices. Parti
ould be paid to pipeline system protection and safety equipment.

13.3.2 Route inspection
13.3.2.1 Ge¢neral
The pipeline “route, including the right-of-way for on-land pipelines, shall be period

patrolled/s

!

eline
ered

es in
tigue

and

and
ates,
rular

cally
tem.

rveyed to detect factors that can affect the safety and the operation of the pipeline sys

The results of surveys shall be recorded and monitored.

13.3.2.2 On-land pipelines

The right-of-way should be maintained to provide the necessary access to the pipeline and associated
facilities. Pipeline markers shall be maintained to ensure that the route of the pipeline is clearly indicated.
If necessary, additional markers should be installed in areas where new developments take place.

Surveys should identify the following:

encroac

— mechan

60

hments;

ical damage to above-ground and exposed pipeline sections and leakages;
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of on-land pipelines crossing large rivers and estuaries.

13.3{2.3 Offshore pipelines

Survpys of the pipeline and adjacent seabed should identify the following:

13.3|3 Mechanical condition monitoring

13.3{3.1 Corrosion

The

corrgsion management in accordance with Clause 9.

The

remaim effective.

IS0 13623:2017(E)

third-party activities;

change of land use;

fire;

mineral extraction/mining operations;
ground movement;

soil erosion;

iamage.

‘equirements for the route inspection of offshore pipelines in 13.3.2.3 shall alsa,apply

mechanical damage to the pipeline, including leakage;

¢vidence of pipeline movement;

extent of marine growth;

¢ondition of the adjacent seabed, including the presence of foreign objects;
¢xtent of any free spans;

¢xtent of any loss of cover along the buried or protected sections;

extent of any loss of weight coating;

extent of bank erosion or depgsition of material;

gecurity of pipeline attachments, including anodes and clamps on piggy-back pipelines

maintendnce programmes shall include the requirements for corrosion monitoring est

od or storm

7 to sections

ablished for

quality and performance of corrosion inhibitors should be verified periodically to ensy

re that they

13.3.3.2 Adverse ground conditions and vibration

Surveillance in areas with adverse ground conditions, as identified in accordance with 6.10, shall be
implemented.

Procedures shall be established to cover the protection of all pipelines and associated facilities in the
vicinity of blasting or any other activity resulting in ground vibrations that can affect the integrity of
the pipeline system. Such procedures should state the maximum allowable effect on the pipeline system.
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13.3.4 Leak detection and surveys

The performance of the leak-detection system should be reviewed and tested periodically to confirm
compliance with the requirements of 5.5. Records should be kept of alarms and leaks to assist the
performance review. Where appropriate, leakage surveys should be carried out. The type of survey

selected shall be effective for determining if potentially hazardous leakage exists.

13.3.5 Facilities, equipment and component monitoring

13.3.5.1 Above-ground pipelines, piping and overhead crossings

Above-grou
integrity, st

Barriers de
piping shoul

13.3.5.2 V3

Valves shou
to fully opef

Remotely of
the whole sy

Pressure ve

13.3.5.3 Pr

Protection
inspected aj

— conditid
verifica
correct

inspect

EXAMPLE

hbility and concrete degradation.

signed to restrict access or to resist third-party impact to above-ground pipelineg
d be maintained.

lves

d be inspected periodically, moved and/or tested for proper opetation. Where it is reqs
ate a valve, due account should be taken of the permissible pressure drop across the v

rstem.

5sels associated with valve actuators shall be inspected and tested periodically.

otection devices

nd tested periodically. The inspectionand testing shall cover the following:
n;

Lion of proper installation and\protection;

setting and activation;

on for leakages.

Protection devices include pressure control and overpressure protection, emergency shut

isolations, quick-connect/diseonnect connectors, storage tank level controls, etc.

Emergency

shutdownh.valves, including actuators and associated control systems, should be insp¢

and tested periodjcally to demonstrate that the whole system functions correctly and that valve

leakage ratd

s,areacceptable.

hd pipelines, piping and pipe supports should be inspected for corrosion, mechanical

and

hired
hlve.

erable valves and actuators should be tested remotely tg)ensure the correct functioning of

Hevices, including actuators, associated, instrumentation and control systems, shall be

Hown

pcted
-seal

Particular attention shall be paid to storage tank level controls and to relief valves on pressure storage

vessels.

13.3.5.4 Pi

g traps and filters

Pig traps and filters with “quick-release” closures, together with associated equipment, shall
be maintained, with special attention given to the locking closure mechanism, which shall be
periodically tested.

Temporary or transportable pig traps should be inspected before use for signs of mechanical damage
caused during transit or installation.
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13.3.5.5 Instrumentation

Instrumentation, telemetry systems and the data acquisition, display and storage systems essential for
the safe operation of the pipeline system shall be examined, tested, maintained and calibrated.

Maintenance procedures should cover the control of temporary disarming or overriding of

instr

umentation, for maintenance or other purposes.

13.3.5.6 Risers

Risers on offshore installations shall be inspected periodically with particular attention paid to

secti

— 1

q

13.3
The i
— 1

— 1

s 1T the“splastrzome -~ These inmspections shoutd Tover

he condition of the riser pipe, including any loss of wall thickness, particularly under

gnd guides,

he condition of impact protection, fire protection, protective coatings, cladding and fit
he condition of riser flanges or couplings,

he condition of attachment or clamping arrangements, and associatéd supporting stry
hanges in position of the riser,

he extent of marine growth, and

he corrosion protection in enclosed J-tubes or caissons.

5.7 Pipelines in sleeves or casings
nspection of pipeline sections in sleeves or\casings shall cover
he condition of pipeline and sleeve oricasing,

he electrical isolation between the pipeline and sleeve or casing, and

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

13.3
Stord
— 1
— 1

—

5.8 Storage vessels-and tanks

ge vessels and tanks, atmospheric and pressurized, shall be inspected to cover
he stability ¢ffoundations,

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

renting and safety valve equipment,

riser clamps

ted anodes,

cture,

— the condition of rirewalls and tank bunds/dikes, and

— condition and blockage of drain lines.

13.3.5.9 Pipeline systems in arctic conditions

Inspection of pipeline systems in arctic conditions shall include

— requirements for surveillance defined in accordance with 6.10,

— inspections and surveillance during and after spring ice break-up to monitor frost heave and erosion
from floods, and

— periodic inspection and surveillance of pipeline and piping exposed to wind-induced vibration, with
particular attention to circumferential welds and threaded joints.
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Procedures shall address requirements for snow removal from structures that are exposed to heavy
snowfall.

13.3.6 Pipeline and piping defects and damage

13.3.6.1 Initial actions

If a defect or damage is reported, the pipeline pressure shall be maintained at or below the pressure at
the time the 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 he exercised during preparation and examination of damaged and presSurized pipglines
because of the possibility of sudden failure. Consideration should be given to reducing the pipeline
operating pfressure to ambient conditions, e.g. when divers are to conduct @n examination ¢f an
underwater|pipeline, or to a stress level that does not lead to pipeline rupture,

Procedures fshall be established for assessment of pipeline defects and dantages.

Defects and damage permitted under the original fabrication and)censtruction specifications| may
remain in the pipeline without further action.

For other defects, further assessment should be made tgrdetermine their acceptability of the
requirement for pressure-derating, repair or other corrective action. These assessments can inglude
the review df the following:

— inspectfon and measurement data, including orientation of the defect and proximity to ¢ther
features$ such as welds or heat-affected zones;

— details ¢f the original design and fabricatign specifications;

— actual gipe-material mechanical andichemical properties;

— possiblg¢ modes of failure;

— possiblg growth of the defect;

— operating and environmental parameters, including effect on pigging operations;
— consequences of failure;

— monitorfing of the defect where possible.

13.3.7 Pipeline and piping repairs and modifications

13.3.7.1 General

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

NOTE Defects and damage can be grouped under a number of headings, including: pipewall defects (such
as cracks including cracking caused by stress corrosion and fatigue, gouges, dents, corrosion, weld defects,
laminations); pipe coating defects (such as loss of wrap or concrete coating); loss of support (such as spanning
of pipelines); and pipe movement (such as upheaval buckling, frost heave and landslip, which can also result in
buckling, denting or cracking).
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13.3.7.2 Isolation

The selection of an isolation method should take into account the following:

— hazards associated with the fluid;

— required availability of the pipeline system;

— the duration of the work activity;

— the need for redundancy in the isolation system;

1.1 £ o
— pUbblUlC CIICCU OIT ITI4d LT IdlS,

—

EXAN
freez

13.3
Haza

q

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

PLE Possible isolation techniques include removable spools, spectacle blinds, valves, pif
e blocking, line plugging, high friction pigs, inert fluid slugs.

7.3 Venting and flaring

rds and constraints that should be considered when planning towent or flare are as fo

dsphyxiating effects of vented gases;

1

ignition of gases by stray currents, static electricity or.other potential ignition sources

oise-level limits;

azard to aircraft movements, particularly helicopters in the vicinity of offshore instg
erminals;

— lhydrate formation;

—
—
13.3

Liqu
cons

q

ralve freezing;

bmbrittlement effects on steel pipework.

7.4 Draining

ds may be pumped;-or pigged, out of a pipeline system using water or an inert gas. 1
[raints that should be considered when planning to drain include the following:

gsphyxiatingeffects of inert gases;

rotection.of reception facilities from overpressurization;

rainage of valve cavities, “dead legs”, etc.;

e freezing or

lows:

llations and

lazards and

— disposal of tluids and contaminated water;

— buoyancy effects if gas is used to displace liquids;

— compression effects leading to ignition of fluid vapour;

— combustibility of fluids at increased pressures;

— accidental launch of stuck pigs by stored energy when driven by inert gas.

13.3.7.5 Purging

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

— asphyxiating effects of purge gases;
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— minimizing the volume of flammable or toxic fluids released to the environment;

— 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.

13.3.7.7 Hot work
The following should be considered prior to carrying out hot work on pipelines or piping in servicg:
— possibl¢ physical and chemical reactions, including combustion of the fluidsor their residues;

— the typg¢, properties and condition of the pipe material, and the wall thickness at the location gf the
hot work;

— possiblg corrosion of pipe and welds.

Welding prl';tcedures shall be approved and the validity of the welder qualification checked bgfore
commencenpent of welding.

The pressufe, temperature and flowrate of the fluid:through the pipeline should be monitored and
maintained within the limits specified in the approvedwelding procedure.

All welds shpll be adequately inspected during and after welding.

Consideratigpn should be given to leak testing of welds of sleeves, saddles, reinforcing pads o1 any
associated fjtting before introducing fluids.

13.4 Changes to the design condition

13.4.1 Change control

The change{control planishall define the requirements for following documented procedures to handle
changes in the design-conidition.

It shall be demonstrated that the revised pipeline system meets the requirements of this document
before impl¢menting changes to the design condition, such as an increase in MAOP or change of fluid.
The documentation required hy this document shall he updated to reflect the revised design condition.

13.4.2 Operating pressure

An increase in MAOP can require additional hydrostatic testing, inspection, additional cathodic
protection surveys and other measures to comply with this document. When increasing operating
pressures, pressures should be raised in a controlled manner to allow sufficient time for monitoring the
pipeline system.

Where pipelines are permanently derated from pressures that cannot subsequently be reapplied,
stringent data and supporting calculations shall be maintained to document the new operating
conditions.
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