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Foreword

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

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Pipeline cathodic protection is achieved by the supply of sufficient direct current to the external pipe
surface, so that the steel-to-electrolyte potential is lowered to values at which external corrosion is
reduced to an insignificant rate.

Cathodic protection is normally used in combination with a suitable protective coating system to protect
the external surfaces of steel pipelines from corrosion.

It is necessary that users of thls part of ISO 15589 be aware that further or dlfferlng requlrements

F i D the use of
articularly
applicable where there is innovative or developing technology. It is necessary that where an plternative
is offered, any variations from this part of ISO 15589 be identified and documented-

© 1S0 2015 - All rights reserved vii
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Petroleum, petrochemical and natural gas industries —
Cathodic protection of pipeline systems —

Part 1:
On-land pipelines

1
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maintenance of cathodic protection systems for on-land pipelines, as defined-in’ ISO 13623
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Sucl conditions can include shielding (e.g. disbonded coatings, thermal-insulating coatings, rocky s

unu

2

Thd
ind
refe

ISO

the petroleum, petrochemical, and natural gas industries, and in EN\1594 or EN 1’
12007-3 used by gas supply industries in Europe.

contents of this part of ISO 15589 are applicable to on-land pipelines and piping syste
br industries and transporting other media such as industrial.gases, waters, or slurries.

5 part of ISO 15589 applies to buried pipelines, landfalls.of offshore pipeline sections pt
bhore based cathodic protection installations, and to imimersed sections of on-land pipeli
r or lake crossings.

5 part of ISO 15589 specifies requirements for pipelines of carbon steel, stainless stee
ranized steel, or copper. If other pipeline materials are used, the criteria to apply are def]
responsibility of the pipeline operator.

5 part of ISO 15589 does not apply to pipelines made of reinforced concrete for which
be applied.

E Special conditions sometimes exist where cathodic protection is ineffective or only partia

sual contaminants in the eléctrolyte.

Normative reférences

following decuments, in whole or in part, are normatively referenced in this docume

5 part of ISO 15589 specifies requirements and gives recommendations for the pre-installation
reys, design, materials, equipment, installation, commissioning, operation, inspefction, and

EN 14161
P007-1 and

s used in

otected by
hes such as

, cast iron,
ined under

EN 12696

ly effective.
bil, etc.) and

nt and are

spensable tfor its application. For dated references, only the edition cited applies. For undated

ISO

rences,the latest edition of the referenced document (including any amendments) appligs.
8044y Corrosion of metals and alloys — Basic terms and definitions
10012, Meastrrenrent luuuuyc:ucuf ayatt:um — chuii enrents fut nreasurenrent processes and

measuring equipment

ISO

13623, Petroleum and natural gas industries — Pipeline transportation systems

ISO 13847, Petroleum and natural gas industries — Pipeline transportation systems — Welding of pipelines

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

IEC 60079-10-1, Explosive atmospheres — Part 10-1: Classification of areas — Explosive gas atmospheres

IEC

60529, Degrees of protection provided by enclosures (IP Code)

EN 1594, Gasinfrastructure — Pipelines for maximum operating pressure over 16 bar — Functional requirements

© ISO 2015 - All rights reserved
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EN 12007-3, Gas supply systems — Pipelines for maximum operating pressure up to and including 16 bar -
Part 3: Specific functional recommendations for steel

EN 12496, Galvanic anodes for cathodic protection in seawater and saline mud
EN 14161 Petroleum and natural gas industries — Pipeline transportation systems (IS0 13623:2009 modified)

EN 50164-3, Lightning Protection Components (LPC) — Part 3: Requirements for isolating spark gaps

3 Terms and definitions

For the puiposes of this document, the terms and definitions given in ISO 8044 and the followingajply.

31
anode backfill
added matgrial immediately surrounding a buried anode

3.2
bond
metal conductor, usually copper, connecting two points on the same or on different structures

3.3
cathodic grotection system
all active ahd passive components associated with the provision of agtive external corrosion protection
and its monitoring

Note 1 to erftry: Cathodic protection is obtained either by impressed current or by galvanic anodes using orfe or
more statiofs.

Note 2 to entry: Impressed current and galvanic anode systems consist of all the equipment necessary foif the
application pf cathodic protection, such as impressed current stations, galvanic anodes, bonds, and isolating jojnts.

34
coupon
metal sample of defined dimensions made ofa metal equivalent to the metal of the pipeline

3.5
coating brieakdown factor
ratio of cuirent density requiredto polarize a coated steel surface as compared to a bare steel surface

3.6
d.c. decoupling device
equipment|that providésalow-impedance path for a.c. and high resistance for d.c.

EXAMPLE Polarization cells, capacitors, or diode assemblies.

3.7
drain point
location of the cable connection to the protected pipeline through which the protective current returns
to its source

3.8
drainage
transfer of stray current between structures by means of a deliberate bond

Note 1toentry: See EN 50162 for drainage devices (direct drainage bond, resistance drainage bond, unidirectional
drainage bond, and forced drainage bond).

3.9
drainage station
equipment and materials required to provide drainage of stray currents from affected systems

2 © IS0 2015 - All rights reserved
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3.10
galvanic anode
electrode that provides current for cathodic protection by means of galvanic coupling

3.11
galvanic anode station
equipment and materials required to provide cathodic protection by the use of galvanic anodes

Note 1 to entry: Such materials and equipment include galvanic anodes and cables.

3.12

geofogicatcell
corrosion cell constituted between two different parts of a single metallic pipeline in ‘edntact with
diffprent soils

3.18
groundbed
system of buried or immersed galvanic or impressed current anodes

3.14
impressed current anode
eledtrode that provides current for cathodic protection by means ofimpressed current
3.15
impressed current station
equiipment and materials required to provide cathodic pretection by impressed current

Note 1 to entry: Such materials and equipment include imp¥essed current anodes, cables, and a d.c. spurce.

OFH potential measured with a short delaycafter interruption with the aim of approaching ps much as

Note 1 to entry: A typical delay for diréct' measurements on pipeline is about 300 ms to prevent thelinfluence of

polarized potential
pip¢ ©o electrolyte potential without the voltage error caused by the IR drop due to the|protection
current or any other current

3.19

isolating joint

electrically insulating component inserted between two lengths of pipe to prevent electrical
continuity between them

EXAMPLE Monobloc isolating joint, isolating flange.

© IS0 2015 - All rights reserved 3
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3.20
isolating s
ISG

park gap

component with discharge distance for isolating electrically conductive installation sections

Note 1 to entry: In the event of lighting strike, the installation sections are temporarily connected conductively as
the result of response of the discharge.

3.21

local earthing
earthed metallic electrode not directly electrically connected to any other main earthing system

3.22

measuring point

location where the actual potential measurement takes place

Note 1 to gntry: In the case of pipe-to-electrolyte potential measurement, this refers to the-ocation off the
reference electrode.

3.23

ON potentjal

pipe-to-electrolyte potential measured while the cathodic protection systém is continuously operafing
3.24

OFF potential

pipe-to-electrolyte potential measured after interruption of all sources of applied cathodic protecfion
current with the aim of approaching an IR-free potential

Note 1 to enftry: The delay before measurements varies accordingto the circumstances.

3.25

pipe-to-electrolyte potential

difference [in potential between a pipeline (or.coupon) and a specified reference electrode in confact
with the elpctrolyte at a point sufficiently closé€ to, but without actually touching, the pipeline

3.26

pitting registance equivalent number

PREN

number, d¢veloped to reflect and\predict the pitting resistance of a stainless steel, based upon|the
proportions of Cr, Mo, W, and N in/the chemical composition of the alloy

3.27

polarizatipn

change of pipe-to-electrolyte potential caused by the application of an external electrical current

3.28

probe

deviceincorporatinga couponthatprovides measurementsof parametersusedto assessthe effectiveness

of cathodic protection and/or corrosion risk

3.29

protection potential

pipe-to-ele

3.30
reference

ctrolyte potential at which the metal corrosion rate is acceptable for the pipeline

electrode

electrode, having a stable and reproducible potential that is used as a reference in the measurement of
electrode potentials

[SOURCE: 1

SO 8044]

© ISO 2015 - All rights reserved
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3.31

remote earth

part of the electrolyte in which no measurable voltages, caused by current flow, occur between any two
points

Note 1 to entry: This condition generally prevails outside the zone of influence of an earth electrode, an earthing
system, an anode groundbed, or a protected pipeline.

3.32
rock jacket coating
coating that provides mechanical protection to the pipeline and is applied as bendable flexible coating

3.38
stray current
current flowing through paths other than the intended circuits

[SOPRCE: Adapted from ISO 8044]

3.3

surge protective device

SP

devijice intended to limit transient overvoltages and direct surge curktents

Note 1 to entry: It contains at least one nonlinear component.
[SOPRCE: IEC 62305-1]

3.3
tellpric current
curfent in the earth as a result of geomagnetic fluctuations

3.3p
test station

mohitoring station

instjallation that provides measuring and test facilities

Note 1 to entry: Such installations.include cabling and pipeline connections.

3.3Y
utilization factor
fradtion of the anodicunaterial weight of a galvanic anode that can be consumed before the arjode ceases
to provide the minimum required current output

4 (Symbelsand abbreviations

4.1| /Syanbols

D, anode diameter

Dy backfill diameter

£ electrochemical capacity of the anode material

E potential measured at the metal/electrolyte interface

AE potential shift due to cathodic protection current measured against a remote reference
electrode

Eq design closed-circuit potential of a galvanic anode

© IS0 2015 - All rights reserved 5
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E. design protection potential (minimum negative potential)
Ecor free corrosion potential (also called natural potential)
ElRfree IR free potential

E) limiting critical potential

Eon ON-potential

Eorr OFF-potential

Ep protection potential

fe coating breakdown factor

ft final coating breakdown factor

fi initial coating breakdown factor

Af average yearly increase in the coating breakdown factor
Lot total current demand

Iaf actual end-of-life individual anode current output

et total current demand for the cathodic protection of‘aspecific pipeline section at the end of

life (for maximum coating breakdown factor)

Iem mean current demand

It required end-of-life individual anode cuxrent output
j current density for bare steel

Je current density for coated pipelines

k contingency factor

L length of the pipeline

m total net anode‘mass

ma individuakneét anode mass

n numberof anodes

rco dverage coating resistance

Ry total circuit resistance for a galvanic anode cathodic protection system (assumed to be

equivalent to the anode resistance)

Ra/b anode resistance relative to backfill

Ry/s backfill bed resistance relative to the natural electrolyte
p resistivity of an electrolyte

T temperature

tal design life

6 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=effb7727b3f886f7d5eb7197a27f6d41

voltage

utilization factor

4.2 Abbreviations

a.C.

ACVG

alternating current

alternating current voltage gradient

ISO 15589-1:2015(E)

CIPp
CP

CSE
d.c.
DCVG
ER

FBH
LP(
MMO
PREN
SCa
SCE
SRH
uv

3LHE
3LHP

close-intervalpotentiatsurvey
cathodic protection

copper—copper sulphate (saturated) reference electrode
direct current

direct current voltage gradient
electrical resistance

fusion-bonded epoxy

lightning protection component
mixed metal oxide

pitting resistance equivalent numbers
stress corrosion cracking

saturated calomel reference‘électrode
sulphate reducing bacteria

ultraviolet

three layer pelyethylene

three layerpolypropylene

5 [CP personnel competence

Perfonnel,-who undertake the design, supervision of installation, commissioning, supg¢rvision of
operation, measurements, monitoring, and supervision of maintenance of cathodic protectipn systems

shall have the appropriate level of competence for the tasks undertaken

EN 15257 or NACE Cathodic Protection Training and Certification Programme constitute suitable
methods of assessing and certifying competence of cathodic protection personnel.

Competence of cathodic protection personnel to the level appropriate for tasks undertaken should be
demonstrated by certification in accordance with prequalification procedures such as EN 15257, NACE
Cathodic Protection Training and Certification Programme, or by any other equivalent scheme.

© ISO 2015 - All rights reserved
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6 Cathodic protection criteria

6.1 General

The pipe-to-electrolyte potential at which the corrosion rateisless than 0,01 mm peryear for carbon steel
and castiron is the protection potential, E}. This corrosion rate is sufficiently low so that corrosion will
be acceptable for the design life. The criterion for CP is therefore, given by the condition in Formula (1):

ElRfree < Ep

€y

where
Ep

ElRfree

The protec
of metal ug

Application of potentials that are too negative can result in cathodic over-protection leading to coat

disbondmq
The IR-freq
In such cag

E1< EIRl

is the protection potential criterion;

is the potential at the metal/electrolyte interface, i.e. the potential that is free.from the
drop in the corrosive environment (IR-free potential, also commonly knowibas “polariz
potential”).

tion potential of a metal depends on the corrosive environment (electrolyte) and on the
ed.
nt and blistering and hydrogen embrittlement of some metals.
potential, ETrfree, Shall not be more negative than thelimiting critical potential, E].
es, the criterion for CP is given by the condition inE6rmula (2):

free < Ep

6.2 Profection potentials

The IR-free
Table 1 pre
E), for diffe

potential, E1rfree, shall meet thé criteria given by Formula (1) and, if applicable, Formula
sents free corrosion potentials, Ecor, protection potentials, Ep, and limiting critical potent
rent metals in different envitonmental conditions.

1%

ype

—-

ng

(2)

(2).

als,
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Table 1 — Free corrosion potentials, protection potentials, and limiting critical potentials of
common metallic materials in soils and waters (except seawater) measured against CSE

Free corrosion Protection |Limiting critical
potential range potential potential
Metals or alloys Environmental conditions | (indicative values) (IR-free) (IR-free)
Ecor Ep E
Vv Vv Vv
Soils and waters in all condi-
tions except those hereunder -0,65to -0,40 -0,85 a
described
Soils and waters at . b a
40°C<T<60°C
Soils and watersat T> 60°C¢ -0,80to -0,50 -0,95 a
chrbon steels low Soils and waters in aerobic
alloved steels'and conditions at T < 40 °C with -0,50 to -0,30 -0;75 a
yed st 100 < p <1000 Q'm
castiron
Soils and waters in aerobic con-
ditions at T < 40 °C with -0,40 to -0,20 -0,65 a
p>1000Q'm
Soils and waters in anaerobic
conditions and with corrosion
risks caused by Sulfate Reducing ~0,80%0 -0,65 095 :
Bacteria activity
Aystenitic stainless
- — d
ste¢ls with PREN < 40 0,10 to +0,20 0,50
Aystenitic stainless Neutral and alkaline soils;and -0,10 to + 0,20 -0,30 -
ste¢ls with PREN > 40 . ! ! !
waters at ambient temperatures
Mprtensitic or aus-
terjo-ferritic (duplex) -0,10 to + 0,20 -0,50 e
Stainless steels
All stainless steels Acidic soilssand waters at ambi- ~0.10 to + 0,20 R e
enttemperatures
Copper Soils-and waters at ambient -0,20t0 0,00 -0,20 -
halvanized steel temperatures -1,10 to -0,90 -1,20

také¢n into account.

ex

(w]

NOTE 1 All potentials are IR free and refer to a copper/saturated copper sulfate reference electrode, ECu=EH - 0,32 V.

NOTE 2 During thélifetime of the pipeline, any possible changes of resistivity of the medium around the pipeline are to be

a  |To preventhydrogen embrittlement on high strength non alloyed and low alloyed steels with designed y{eld strength
eding:550 N-mm-2, the critical limit potential shall be documented or determined experimentally.

b |Fer.temperatures 40 °C < T < 60 °C, the protection potential may be interpolated linearly between the poftential value
detérmined for 40°C (-0,65V, -0,75V, -0,85 Vor -0,95 V) and the potential value for 60 °C (=095 V)

e Determination by documentation or experimentally.

¢ Therisk of high pH stress corrosion cracking increases with increase of temperature.

d  In case of presence of any martensitic or ferritic phase (e.g. due to hardening), the risk of hydrogen embrittlement
should be determined by documentation or experimentally.

To prevent disbondment and/or blistering of the coating, the limiting critical potential, E), should not be
more negative than -1,20 V (CSE) for the currently used pipeline coatings.
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6.3 Alternative methods

6.3.1 100 mV cathodic potential shift

If the criteria defined in Table 1 cannot be achieved, a minimum cathodic potential shift of 100 mV is
considered as an acceptable alternative method to reduce the corrosion rate (see NACE Publication
n°35108[1]). A residual corrosion rate less than 0,01 mm/y might not be achieved. The formation or
decay of potential shift shall be measured in accordance with the method defined in Annex A.

The application of the 100 mV potential shift shall be avoided at operating temperatures above 40 °C,

in SRB-co

be

present, o
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6.3.2 Ot

Alternativg

6.4 Critg

In location)
shall be ca

In the pres

shall meet

EN 15280 ¢

7 Pre-1

7.1 Gen

For applic3
electrically
and earthi
other strug

NOTE
cathodic pr

g systems. Justification/shall be provided if the pipeline is not electrically isolated f

when there is a risk of external stress corrosion cracking. Furthermore, the potentials
i1l not be used in the case of pipelines connected to or consisting of mixed metal conmipone

her methods

rria in the presence of a.c.

s where a.c. interference is possible, measurements of a.c. voltage and/or current den
‘Tied out to evaluate the level of the a.c. influence.

the criterion given by Formula (1).

ives guidelines for the a.c. corrosion likelihood and defines detailed criteria that may be app

equisites for the application of.cathodic protection

bral

tion of cathodic protections.the pipeline, or section of the pipeline to be protected, sha
continuous. The pipeline_should be coated and electrically isolated from other struct

tures and earthing-systems.

oatings are universally applied to buried pipelines to provide the primary corrosion protection {
tection to protect areas of coating damage. Coatings reduce the overall cathodic protection curj

methods may be used if it can be demonstrated that the control of corrasion is achieved.

hift
nts.

Sity

ence of a.c. voltage on the pipeline, the protection criteria\defined in Table 1 shall be fulfilled
although they do not necessarily provide protection against a.cccorrosion. The IR-free potential, E1r

free,

ied.

be
res
Fom

vith
rent

requiremenft and, as a consequence, the risk of interference to adjacent buried structures.

7.2 Electricabcontinuity

The electr
low longitudinal resistance and the components which may increase the longitudinal resistance of the
pipeline shall be short-circuited, e.g. by using cables or low-resistance metal bonds with a suitable cross
sectional area.

On non-welded pipelines, the electrical continuity shall be achieved on the length to be protected by
the installation of permanent bonds across the high-resistance mechanical connectors using reliable
bond attachment methods. The continuity of non-welded pipelines shall be checked by carrying out
resistance and potential measurements.

When necessary, bonding may be carried out across isolating devices for measurement or other
purposes. If it is necessary that electrical continuity be established permanently, this bonding should be
done in a test station.
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7.3 Electrical isolation

7.3.1 General

Metallic contacts or resistive contacts between the pipeline and other structures, or direct connection
to earthing systems, should be avoided; otherwise, the corrosion risk can be increased.

For this reason, pipelines should be electrically isolated from foreign structures including compressor
stations, pump stations, pressure reducing, metering and delivery stations, water pumping and storage
facilities, wellsites, offshore pipelines and structures, terminals and processing facilities, and at

int rfacecwith athor ninelinec
FaeesWie-etierpipethes:

Eleg¢trical isolation can also be installed to divide the system into sections, e.g. in strayurr¢nt areas.

Isolption should be achieved by installation of isolating joints (monolithic isolation joints ¢r isolating
flarge kits) or non-conductive pipe sections.

If electrical isolation is not possible, then the cathodic protection design shall provide fol sufficient
current and effective current distribution to ensure that the pipeline is cathodically protected without
adverse effect on other structures.

Ifthereisacontactbetween the protected pipeline and any other less€lectronegative structur¢, EN 14505
conkiders they constitute a complex structure and gives recommendations that can help in that case.

7.3)2 Locations

The location of the electrical isolation points should be carefully considered, particularly jn the case
of d.c. stray current. This requires, for example, detailed measurements and analysis of the [electrolyte
surface gradients (see EN 50162 for further guidance).

Ele¢trical isolation can be required

— |between pipeline sections consistingof different metallic materials,
— |at the extremities of the pipeline;

— |atsignificant changes in electrolyte resistivity,

— |on pipelines requiring different cathodic protection systems,

— |on pipelines with'different current density requirements,

— |in areas inflienced by stray currents, a.c., or telluric currents,

— |on somé pipeline networks to facilitate the cathodic protection maintenance or measurements, and

— |atinqterfaces with unprotected structures or earthed equipment.

I 1 £ Jdics 31 A i 1 Aaas 1. lass 1 111 3 Lall pa | PR | et f th
n IITTC CdoU Ul UIsStlIioultivll Dy DLCIIID, CICULLIIUdAI 15UIAlIUIT Siidll UUT 1I1I150dlITU al UIIT 1I1IILT ace Wl
customer facilities.

7.3.3 Isolating joints

The mechanical design, materials, dimensions, and construction of the isolating joints shall meet the
requirements of ISO 13623, EN 14161, EN 1594 or EN 12007-3, as applicable.

Monobloc isolation joints should be used wherever possible. They can be installed above-ground, in a
pit or buried.

Monobloc isolation joints should be electrically tested before installation.

NOTE1  Electrical tests are proposed in Annex F.
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NOTE 2

Installing the isolation joint above ground provides the advantage of easier visual, electrical, and

ultrasonic inspection. On the other hand, buried isolating joints are less exposed to mechanical or fire hazards,
voluntary or involuntary damage, and can prevent the product inside the pipeline from freezing (sometimes
referred to as “frost-proof grounding”).

NOTE 3

risk of gas entrapment. For this reason, local regulations can prevent installation of an isolation joint in a pit.

Installing an isolating joint in a pit provides the advantages of a buried isolation joint but with the added

When a pipeline is connected to above-ground facilities, an above-ground isolating joint ensures that
cathodic protection is applied to the entire buried section. If the isolation joint is buried, then the

pipeline operator
that is isolated

If multiph
installatioy
a continuo

Buried iso
applied to

Isolating fl3
be protecte

A major cg

shall take additional measures for corrosion protection of the section of the pipe

hse fluids containing a significant percentage of water are transported in thecpipel
) of the isolating joint on a vertical or angled transition section should be considered to prey
s water phase inside the pipeline becoming the source of internal corrosion (see'7.3.4).

ation joints shall be externally coated with materials that are compatible-with the coa
he pipeline.

inges are subject to degradation by atmospheric weathering, dirt, andieisture ingress and s
d againstingress of dirt and moisture by the use of flange protectots or viscoelastic compou

use of failure of isolating flanges is poor installation techniques. To reduce this risk,

manufact

er’s instructions should be followed or factory preinstalted/kits utilized.

Principal ipstallation errors are

over-tightening of the flange bolts (isolating flanges reguire a lower tightening torque than flay

withoyt isolating gaskets),

incorrect alignment of flange faces, and

improjper surface preparation of flange faces.

line

ine,
rent

[

ng

hall
hds.

the

ges

The isolatipn materials shall be designed (toywithstand service conditions (e.g. transported medium,

temperatu
important
etc.), isolat]

Isolating jg

To avoid d
power line
device, and

Isolating j
conform tg

e, pressure, mechanical stress) and shall have an appropriate dielectric strength. Of
properties of the isolating-flange kit include mechanical (e.g. flexural and tensile stren
ion efficiency, and water-absorption.

ints shall be installed-in such a manner as to eliminate the risk of accidental shorting.

hmage from high-voltages due to lightning strikes or a.c. fault currents caused by elec
5, protectivedevices shall be considered (e.g. appropriate isolating spark gap, surge protec
appropriate-electrical earthing).

bints dnstalled in areas classified as hazardous in accordance with EN 60079-10-1 s
thecertification and operational requirements of the hazardous area.

her
oth,

tric
tive

hall

Isolating joints shall be provided with accessible test facilities.

7.3.4

Internal corrosion risks at isolating joints

In pipelines carrying fluids with a separate water phase, there is a risk of internal corrosion caused
by current leaving the internal surface of the pipe close to the isolating joint on the side that has a less
negative internal potential (anodic side). This is mainly dependent on the conductivity of the fluid and
the voltage between both sides of the isolating joint.

To prevent or mitigate this internal corrosion risk, a lining (internal coating with an electrically
isolating material) should be applied on the side of the pipeline with the more negative internal potential
(cathodic side).

12 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=effb7727b3f886f7d5eb7197a27f6d41

ISO 15589-1:2015(E)

The length of the section being lined internally increases with increasing electrolyte conductivity,
increasing pipeline diameter and increasing voltage on the sides of the isolating joint. If there is no prior
knowledge from previous experience, then the length of pipeline being lined should be determined by
calculations or tests.

The length of internal coating can be determined by defining an internal ohmic resistance of the internal
fluid. This assessment can be made using simulation software or by calculation (Ohm'’s law), and shall be
documented. This study shall be made considering the fluid resistivity, the potential drop between each
part of the isolating joint, and the absence of external coating defect on the anodic side of the pipeline.

NOTE1 Based on feedback and experience, a value of 100 () for the internal ohmic resistance is commonly used
for fhe evaluation of the length of the internal coating.

NOTE 2  Forlonglengths of lining, an entire pipe length lined in a factory is generally used,

In gractice, if both sides of isolating joints are lined, the length of the lining on the cathodic s}de shall be

at lgast the calculated length.

NOTE3  When custom made asymmetrical lined isolating joints are used, thelxisk incurred by ix
longer liner on the wrong side of the isolating joints can be significant.

Thelining should be of a type that does not deteriorate when in contactwith the internal fluid
in the case of a lining exposed to salt water.

Analternative tointernalliningis toinstall asacrificial steel pipe'spool piece next to the isolating
sidg that has a less negative internal potential (anodic pipelifie side). The spool piece should be
inspected to monitor the progress of internal corrosion aindreplaced in time to prevent leakag

7.3/5 Contacts between metallic structures

Wh
(diq
fitti
the

ere entries, restraints, supports, and anchors are made of concrete, there should be
ect or resistive) between reinforcing steel and the protected pipeline. For this reason, a
ng made of insulating material should be provided and a high-quality coating should be
protected pipeline. The possibility-0fshielding effect shall be considered.

Wh
each end of the bridge or the tunnel, the pipe between isolating joints may be equipotentially
the[bridge or the tunnel to/previde protection from inadmissible touch potentials. In order
cathodic protection to the pipeline on either side of the bridge or the tunnel from a commg
profection system, an equipotential bond is required to connect the pipeline on both sides of

or the tunnel.

If the pipeline _crosses a bridge in a service trough containing an electrolyte (e.g. sand), th
be dqathodicallyiprotected by galvanic anodes (e.g. magnesium ribbon) and not connected to

If there,are'no isolating joints, then the pipe shall be electrically isolated from the metallic
bridgeorthe tunnel. Thisis especially importantin the case of metal bridges carryingd.c. tracti

stalling the

especially

jointon the
eriodically

9%

no contact
wall entry
applied to

bre the pipeline crosses a bridge above ground or enters a tunnel and includes isolatifpg joints at

bonded to
to provide
n cathodic
the bridge

P pipe may
the bridge.

arts of the
nsystems.

7.3.6 Electrical earthing system

Electrical earthing of devices installed on the protected pipeline can be required for safety reasons or
pipeline earthing can be required to mitigate the effect of induced electrical voltages.

If an earthing system is required, it shall be made compatible with the cathodic protection system.
When allowed by regulations, this may be achieved by installing suitably rated d.c. decoupling devices
in the earthing circuit. Local earthing using zinc or galvanized earth electrodes directly connected to
the pipeline may be used, but there can still be future adverse effects on the cathodic protection.

NOTE1 These adverse effects on cathodic protection effectiveness are due to one or both of the following:
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defects

zinc or

, which results in reduced CP current at the coating defect;

galvanized steel potential can drift with time towards less negative potentials.

the resistance of local earth, with respect to remote earth, can be much lower than the resistance of coating

If earthing is being installed to mitigate the effect of a.c. voltages on the pipeline, the earthing locations
should be established through a specific study and detailed design.

NOTE 2

Detection and control of electrical interference shall be in accordance with Annex B.

EN 15280 and EN 50443 provide guidance on the corrosion and safety aspects related to a.c. influences.

When an ¢arthing (local or remote) is connected to electrically operated equipment, e.g. valye
pumps, thg resistance to earth of the pipeline is decreased at these points, which can impede or prey
cathodic protection. To maintain effective cathodic protection, one of the remedies listed below’ma

applied (s
a) isolati
b) isolati
the res
the pif
c) install
d) install
steel, 7
e) install

earthing system (e.g.isolating spark gaps, surge protective device, polarization cell, electrical isolati

7.4 Lightning and overvoltage protection

Pipelines g
power line

To protect

isolating jgint.

To mitigat
surge prot
and an ear

Cable lengt
They shall
as short as

NOTE ’

ject to relevant national or local safety regulations):
bn of the electrically operated equipment from the protected pipeline;

bn of the part of the pipeline (e.g. valve) connected to the electrical operated equipment f
t of the pipeline by means of isolating joints, with a continuity bond-between the two part
eline and separate corrosion protection for the isolated part of the pipeline (e.g. valve);

htion of isolating transformers;

htion of fault current circuit breaker in conjunction with'a local earthing made of galvan
inc, or magnesium;

an be affected by overvoltage and current strikes made by lightning or by nearby exte
5 (e.g. earth short circuits).

the isolating joint against ovérvoltage, an isolating spark gap should be connected across

e the effect of all kinds of electrical strikes or electrical interference, isolating spark g
bctive devices (SPD};or d.c. decoupling devices may also be installed between the pipe]
thing system, subject to national or local regulations or safety standards.

h, cross section, and type have a high influence on the overvoltage protection effectiven|
be matched'to the isolating spark gap or SPD electrical characteristics. Cable length shoul
possibleyénsuring any loop formed on the installation is as small as possible.

'o.choose the type of isolating spark gaps, the following parameters are typical for cathodic proteg

5 or
Fent
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fom
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ition of d.c. decoupling devices between the electrically operated equipment and the npain

on).
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the
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line
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applications

fora S0 Hz case:

or<2,2

rated d

14

d.c. spark over voltage: from 500 V to 1 kV;

kV for class 1 only (see Annex F);

nominal discharge current (8/20 ps): 100 kA;
lightning impulse current, limp, (10/350 us): 100 kA (class H), 50 kA (class N);

rated short-duration power frequency withstand voltage (50 Hz): <250 V;

ischarge current (50 Hz): 2100 A / 0,5 s;

100 % lightning impulse spark over voltage (1,2/50 ps): 1,30 kV for both class 1 and class 2 isolating joints,
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— certification according to Directive 94/9/EC “on equipment and protective systems intended for use in
potentially explosive atmospheres (ATEX)”;

— proved in accordance with EN 50164-3.
7.5 Coating

7.5.1 General

Pipelines subject to cathodic protection should be installed with an external coating. The coating
selacti o

NOTE1 The coating provides the primary prevention against corrosion. It reduces protectiop-ctrrgnt demand,
impfoves current distribution, extends the protected area, and reduces interference to otherforeign{structures.

The pipeline coating should be applied in a factory, or under factory conditions,on pipe lengths under
spefified conditions for surface preparation, coating application and inspection. After the|welding of
pip¢ lengths during the construction of the pipeline, girth weld areas should bg&coated with a Fompatible
field joint coating.

NOTE 2  Field joints and fittings coated on site are applied under more demanding conditions and can be a weak
point in the general corrosion protection system if not selected and applied-correctly.

After the laying of the pipeline, coating defect surveys (see Afiiex D) should be carried outfin order to
evaluate the coating conditions.

7.5]2 Factory-applied coatings

Coalttings shall be applied in accordance with

— [ISO 21809-1 for polyolefin coatings (3-layer PE or 3-layer PP),
— |ISO 21809-2 for fusion-bonded epoxy-coatings,

— |ISO 21809-4 for polyethylene coéatings (2-layer PE), or

— |other equivalent standards:

7.5]3 Field joint coatings

1S0|21809-3, EN 10329, or other equivalent standards should be used for the selection and ppplication
of field joint coatings.

NOTE Figld\joint coatings are generally either pre-shaped materials such as cold-applied tapes or heat-
shrinkable sleeves or materials applied in the form of powders or liquids.

7.514C~ Coating for trenchless pipelines

Trenchless pipelines (e.g. by horizontal drilling) should be protected with external coatings with
additional resistance to mechanical damage. Additional requirements for such coatings may include

— increased thickness, and
— increased mechanical resistance characteristics.

The trenchless installation should be tested for coating damage evaluation before it is tied in to the main
section of the pipeline.

NOTE During trenchless installation, it is possible that some coatings will experience surface abrasion

damage and this can lead to an increased level of moisture absorption. This will affect the coating electrical
resistance and hence the current density requirements.
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The acceptance criteria for the coating test should be determined before the installation of the pipeline.

In the absence of any specific requirement, the coating conditions can be evaluated by comparing the
current density required to protect the trenchless section with the optimized design values given in
Table 3 (see 8.4.3). Known values of current should be injected into the pipe from a temporary groundbed

and the current density calculated for the section. If the current density required to achieve cathodic
protection is greater than the recommended values in Table 3, the trenchless pipe coating should be
considered as unsatisfactory and should be remedied.

D.4.3 defines an acceptable procedure for the test of the coating. Other methods can also be used.

7.5.5 Air to electrolyte interface

For an air o electrolyte interface, a high-performance coating should be used. Specific characteris
for the coafing selection may include

— mechalical strength,

7.5.6 Co

Disbondms
current to
resistivity
presence o

The selectd
be verified

Non-bonddg
current an

UV stapility, and

adhesipn.

mpatibility of coatings and wraps with cathodic protection

nt can cause cathodic protection current shielding by ‘preventing access of the cath

of the electrolyte present underneath the disbondment, renewal of corrosive species
f SRB.

d coatings shall be compatible with the applidation of cathodic protection. Compatibility sh
through cathodic disbondment tests in accordance with the applicable coating standards

d polyethylene wraps should be avoided as they cause shielding of the cathodic protec
1 can be detrimental to the protection.

757 T

T
Thermal ifsulation systems are coating systems that include a layer to provide thermal insulat

This can b,
polyuretha

Because of
layers, cat
protection

a)

Therm

rmal insulation

e a dedicated layer.in addition to a corrosion-protection layer or it can be a layer sucl
ne or rubber that'provides both corrosion protection and thermal insulation.

the overall coating thickness and the high resistance of the different coating and insula
nodic protéetion is unlikely to be effective. The requirement for and the type of cath
for thermally-insulated pipelines shall be evaluated considering the following.

allycinsulating materials, such as polyurethane foam, have a high electrical resistance. E

tics

hdic

the steel surface exposed to a corrosive electrolyte.due to lack of continuity and/or high

, or

puld

Fion

ion.

l as

fion
hdic

ven

ifthey

become waterlogged, they are likely to shield the cathodic protection current and prevent

the

protection of the underlying steel pipe. Alternative corrosion control methods should be considered
in such cases.

b)

The installation of a cathodic protection system solely to protect an insulated pipeline is normally

difficult to justify, unless there is concern that the thermal insulation can suffer significant
mechanical damage by third party action that leads to direct exposure of the pipe to the electrolyte.

The intrinsically high resistance to earth of a thermally insulated pipeline precludes the discharge

of any induced voltages, for example from adjacent power lines, to earth through the coating. Unless
the pipeline has been directly earthed close to the point of the induced voltage, pipeline voltages can
change over considerable distances, which can cause corrosion and/or become a safety hazard to
personnel who make direct contact with the pipeline.

16

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=effb7727b3f886f7d5eb7197a27f6d41

ISO 15589-1:2015(E)

Cathodic protection potentials measured on thermally insulated pipelines are usually not indicative of
the potentials at the metal-to-electrolyte interface beneath the coating. These potentials should not be
used for assessing the effectiveness of the cathodic protection. Other methods should be used to verify
the integrity of the pipeline at these locations.

7.5.8 Reinforced concrete weight coating

Steel reinforced concrete can be used to increase the weight of a pipeline particularly in wet areas such
as marshes. Contact between the rebar of the weight coating and the pipeline shall be avoided. Isolation
of the rebar from the pipeline shall be checked by measurements durlng apphcatlon of the weight coating

pa | il ICN 21000 O ] pa | ) . d
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7.6] Selection of pipe trench backfill material

In qrder to avoid the risk of coating damage or shielding effects and to achieve,electrical|continuity
beteen the pipe and the electrolyte, it can be necessary to add materials to thetfench suchlas washed
sanfl or fine soil. Adding these materials is referred to as padding.

Imgorted or processed backfill is not usually necessary for coating damage protection when|rock jacket
coafing systems are used.

7.7| Buried casings for pipelines

7.7[1 General

Casjngs may have a detrimental impact on the cathodi€protection of the carrier pipes. Their{use should
be dvoided where possible.

Cartfier pipe within casings should have a high-quality coating for protection against corrosion.
The following measures should be implemented when the use of casings is unavoidable:
— |coating of the carrier pipe;

— |installation of isolating spacers in the annular space between the carrier and casings;
— |sealing at the ends of the casing.

In practice, it is almostimpossible to achieve a water-tight seal and a suitable filler mateyial may be
injected into the anmilar space. The filler material should either inhibit corrosion (e.g. visco-elastic
conipounds, inhibited wax) or be designed to allow cathodic protection current to reach the darrier pipe
(e.gl concrete, alkaline grout).

Venlt pipes:shall be considered when building a casing in order to detect a leak of transported|fluid. They
may also\be used to inject fillers for maintenance when necessary.

7.7.2 Casings that shield cathodic protection current

External corrosion protection of the carrier pipe inside sleeves which shield cathodic protection current
should be achieved by

— the use of galvanic anodes provided there is an electrolyte,

— filling the annular space with appropriate material with adequate long-term corrosion protection
properties,

— if galvanic anodes are used: there shall be no contact between the casing (if metallic) and the
galvanic anodes, and

— consideration shall be given to the possibility of the anode corrosion products bridging the spacers.
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NOTE
concrete, an

d coated steel casings.

7.7.3 Casings that pass cathodic protection current

Casings that shield cathodic protection current include plastic, coated concrete, low conductive

For casings passing cathodic protection current, the external cathodic protection of the carrier pipe
can be effective in protecting the carrier pipe inside the sleeve provided there is no contact between
the carrier pipe and the casing, and that there is enough electrolyte in the annular space. Without any

electrolyte in the annular space, atmospheric corrosion can occur at coating defects.

NOTE Casings that pass cathodic protection current include:

— bare or]poorly coated steel pipes;

— uncoatgd concrete pipes that are sufficiently conductive;

— well copted casings connected to a local earthing which will allow the cathodic protection-cuirrent to flofwv.

If cathodic|protection of the casing is required (e.g. because of national or local regilations), the caging

should be resistively bonded to the carrier pipeline, with the resistance valuesadjusted to ensure that

the casing |s always anodic to the carrier pipeline.

7.8 Equlpment for the reduction of a.c. interference

There are fwo basic types of a.c. interference on buried pipelines:

— short-lerm interference caused by a.c. high voltage poweér-line failure and operational changes
(ohmiq andinductive effects; see EN 50443);

— long-t¢rm interference caused by induction during operation (inductive effect, see EN 1580
and EN 50443).

Mitigation |of these effects can require the addition of earthing systems. These earthing systems may

be construfted using a wide variety of electrodes (e.g. galvanized steel, zinc, magnesium) provided that

these have|no adverse effect on the effectiveness of the cathodic protection.

To avoid adverse effects on the cathodicprotection, additional earthing systems should be connected to

the pipeling via appropriate devices(e)g. d.c. decoupling devices).

7.9 Equlpment for the mitigation of d.c. interference

d.c. stray durrents can hdave-an adverse impact on the effectiveness of the applied cathodic protection

and can refuire installation of additional equipment to ensure effective external corrosion protection

(see EN 500162 and EN'G0122-2).

NOTE The follewing solutions can provide mitigation of d.c. interference:

— installgtion of a drainage station; drainage stations are usually connected after the commissioning of the

cathodic protection system but it is prudent to install all of the equipment during construction;

improv

8 Basic

installation of isolating joint;

ement of the cathodic protection level in anodic d.c. stray current areas.

requirements for cathodic protection design

8.1 General

Sizing of cathodic protection systems can be done either by calculations or on the basis of the pipeline
operator experience for similar configurations.
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This Clause presents guidance for the design of cathodic protection systems. The designer may use other
values and formulae provided that these values and formulae are justified and the protection criteria
are achieved.

8.2 Basic information for cathodic protection design

The basis for the cathodic protection design study should provide all the information necessary to
carry out the detailed design. Information data may be obtained either from documents or by direct site
observations and measurements.

Th

basis for cathaodic prnfnr‘finn r‘]nm'gn chlr‘ly should include the. Fn”nuring-

pipeline diameter;

pipeline length and wall thickness;

design life of the pipeline;

pipeline coating type;

field joint coating details;

location of above ground installations (e.g. pressure reducing station);
location of any valves;

details of any local earthing (e.g. at powered valves);

details of medium being carried;

operating temperature of the transported medium;

topographical details;

elevations;

electrolyte conditions (this may include electrolyte resistivity, pH, bacterial activity);
results of stray current surveys in electrolyte;

presence of high-voltage overhead power lines;

known buried cables and structures including other pipelines;

any known adjacent cathodic protection systems;

river ¢ressings;

read and railway crossings;

casings that will remain after construction (length, material, coating if any);

types of pipeline bedding material;

bridge and tunnel crossings;

characteristics of a.c. and d.c. traction systems (e.g. sub-stations, operating voltages);
characteristics of d.c. industrial plants;

any electrically operated equipment (e.g. emergency shutdown valves).
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8.3 Contents of cathodic protection design report
The detailed design shall address and document the following:
a) design life of the cathodic protection system;

b) design documents justifying the sizing and layout of equipment (e.g. anodes, transformer-
rectifiers, cables);

c) potential attenuation calculations for justification of drain point spacing if any (see Annex E);

d) materigls-schedule;
e) materials specification;
f) synoptic scheme (single line diagram) of pipeline with significant features;
g) tempofary cathodic protection systems;
h) installption procedures and connection details for all key elements. These mayrinclude
1) anjode groundbeds,
2) copnections to anodes,
3) cohnections to pipe,
4) copting repairs,

5) e

N}

gctrical isolation, (monobloc, insulated flanges, itfsulated pipes),
6) Trpnsformer-rectifiers,

7) teststations,

8) a.d. mitigation systems,

9) sldeved crossings,

10) external probes, coupons orireference electrodes,

11) external electrical resistance probes,

12) bonds (equipotential, resistive and unidirectional),

13) drpinage system, and

14) remote monitoring or control;

i) commissioning procedures;

j) operation and maintenance instructions.
8.4 Cathodic protection current demand

8.4.1 Calculation of the theoretical total current demand

The evaluation of the current demand necessary for the cathodic protection shall be carried out from
the design input data explained in 8.4.2 and 8.4.3.
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As the coating status is not known at the time of design, the current cathodic protection requirement for
the cathodic protection system can only be an estimation, which may be made from

— current densities for bare steel surface for coated pipelines combined with coating breakdown
factors, and

— current densities for coated pipelines.

Coating breakdown factors and current densities used for the design shall be approved by the
pipeline operator.

8.4]2 Current demand based on coating breakdown factors

For|new pipelines, the total current demand Iiot, is determined using Formula (3):
ot =TDXLxkx jx f¢ 3)
wheére k is a contingency factor due to possible non-uniform current distribution along the pipeline,
attgnuation, and shielding.

NOTE Because of attenuation phenomena, the current demand along a‘long pipeline can be mych higher. k
valyes higher than 1,25 are normally used.

Calgqulation of coating breakdown factors may be done from 'values given in Table 2. The gelection of
coafing breakdown factors for other types of pipeline coatings shall be justified and documented.

Typlical design current densities for bare steel or cast iren'pipelines should be in the range of 100 mA/m?
to 1A/m2, mainly depending on the oxygen diffusiosiTate at the metal surface and electrolytqresistivity
to achieve the cathodic protection criteria.

Thegcurrentdemand of a coated pipeline increases with time as the coating deteriorates. Enough cathodic
profection capacity should be provided to*maintain protection as the coating deteriorates.

The final coating breakdown factor, ff;is°given by Formula (4):
fr=fi+(Afxtq) (4)

where

fi is the initialhCoating breakdown factor at the start of pipeline operation;
Af s the average yearly increase in the coating breakdown factor;

tar isthe'design life time expressed in years.

Unlgss/ther values are justified, the coating breakdown factors in Table 2 should be used pfjovided the
pipelitie operating temperature does not exceed the maximum temperature for which the ¢oating has
been qualified. Coating breakdown factors should be increased to allow for damage of the coatings due
to operating temperatures higher than the coating design values.

NOTE The coating breakdown factors in Table 2 are based on coating quality being in accordance with the
various parts of the ISO 218009 series of International Standards or equivalent.

The coating breakdown factors include some allowance for damage to pipeline coatings during
fabrication, installation, and operation such as third-party damage. However, they do not include
allowance for extreme damage or for field joints intentionally left uncoated. If such conditions are
anticipated, the affected surface area shall be estimated and included in design calculations as bare
metal surface (ff = 1) or the coating breakdown factors in Table 2 shall be increased.

The coating breakdown factors recommended by Table 2 shall be considered for coatings fully qualified
for the maximum operating temperature of the pipeline. If there is any doubt regarding the damage
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and/or disbondment of the coatings with increased temperature, higher figures shall be used after
documentation.

Coating breakdown factors for other types of pipeline coatings shall be fully documented.

8.4.3 Cu

An alternat
the pipeling

Lot =0

For existi

Table 2 — Typical design coating breakdown factors

Pipeline coating fi Af
FBE 0,005 0,003
3LPE 0,001 0,0003
3LPP 0,001 0,0003
Liquid epoxy 0,008 0,01
Coal tar urethane 0,008 0,01

rrent demand based on current density values for coated pipelines

ive method to calculate the total current demand (Iyo1) is by calculating the total surface arg
and applying the current density for coated steel pipelines given in Table 3 and using Formula

Dx Lxkxj.

g pipelines without historical information, the current demand may be estimated

calculations based on assumed coating conditions. Alternatively,a test may be carried out by apply

current a

measuring the pipe-to-electrolyte potential at various locations along the pipeline f

known valfie of the applied current. The test results may be'used to calculate the total current dem
and groundlbed spacing.

Design maj also be carried out using the concept.of “average coating resistance” r¢, in ohm sq

metres. Coj
Ohm’s Lawj

Jje=AE
where AE
reference
Design cur]

Values
used fi

Values
for the

Current de

NOTE

respondence between current density,j., and average coating resistance is possible u
as given in Formula (6):

I'co

is the potential shiftdue to cathodic protection current measured against a ren
lectrode.

rent densities in/Table 3 may be used as follows.

for optimizéd-designs correspond to optimistic but realistic damage conditions and shal
r the designof galvanic anodes or to verify the quality of a coating after pipeline installat

for censervative designs correspond to pessimistic damage conditions and should be y
desigh of impressed current systems for long term operation.

a of

(5)-
(5)
by

ring

DI a
and

are
bing

(6)

ote

| be
ion.

sed

nsities for other types of pipeline coatings shall be justified and documented.

The figures for optimized design do not take into account current consumed by coupons connected to

the pipeline, nor current leaving through d.c. decoupling devices, nor current from or to foreign structures. They
come from experience from different operators and are included to assist the designer to size the equipment.

22

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=effb7727b3f886f7d5eb7197a27f6d41

ISO 15589-1:2015(E)

Table 3 — Typical design current density values for coated pipeline

Current density for |Current density for conservative

Type of coating optimized design design
mA/m?2 mA,/m?2
3LPE or 3LPP 0,001 to 0,02 0,05t0 0,2
FBE 0,02t0 0,2 0,4t00,7

Coal tar or bitumi-

. 0,2t00,3 0,3t00,8
nous coating

NOTE These values are given for pipelines built with respect to standards mentioned in

7.5.2 and 7.5.3.

8.5 Cathodic protection equipment

8.5]1 Cathodic protection cables

staflions and test stations shall be fit for buried service. Such cables should not have a metal armouring.

Caa:es for the connection to protected pipelines, impressed current anodes, galvanic anodep, drainage
Cablles installed for use as protective earth conductors shall only be used for that purpose.
NOTE Metal armouring can cause a defect in the cable insulationfif bent excessively.

Cablle insulation shall be fit for the environment (for example buried, or immersed conditions and
chlgrine-resistant) and also for the purpose of the cable (anodic or cathodic).

Cablle cross sections shall be designed on the basis ofthe following:

— |voltage drops which are technically admissible according to the design;

— |steady-state current through the cable eross section according to the design;
— |cable insulation properties;

— |mechanical strength;

— |flexibility;

— |operating temperature conditions;

— | economics.

Eleg¢trical insuldtien of the cables of impressed current systems and for drainage systems ghall not be
danpaged where exposed to electrolyte.

NOTE Impressed current protection can become ineffective in a very short time if its anodic cablelis damaged.

Conlductor material should be copper.

The total cross section of cables shall not be less than those specified below:
a) impressed current systems:

1) cable to protected pipeline 10 mm?;

2) cableto groundbed 4 x 2,5 mm?2 or 10 mm?Z;
b) galvanic anode systems:

1) cable to protected pipeline 4 mm?;
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2) cable to single anode 2,5 mm?2;

c) other installations:

1) cable for potential measurement 2 x 2,5 mm?2 or 6 mm?;

2) cable for current span measurements 4 x 2,5 mm?2;

3) cable for continuity bond 4 x 2,5 mm?2 or 10 mm?2.

The following requirements shall apply to cable installation:

— cables

— separg
separa

EXAME
errors

— cables
— cables
NOTE 1
sufficie
— ifany,
and at

— cablej
for per

NOTE 3

groundbed) to the positive pole of the impressed current station is essential. If not, moisture ingress

subseq

8.5.2 Ca

Cathodic 1
accordance
the pipelin

NOTE
— pinbra

— soft-sol

shall be laid without coils or kinks;

te connections shall be made between the pipeline and each core or each cable) wif
te function;

LE Cables used for potential measurement are separate from those carrying-current to a
Hue to voltage drop.

should not be laid in the vicinity of power cables;
shall be installed with care to avoid damage to the insulation;

Sometimes it is preferable to place cables within protective<sleeves or to protect cables ¥

fable routes should be marked using cable markers installed at approximately 100 m inter
every change of direction;

bints should be avoided as far as possible. Buried and immersed cable joints should be suit
manent burial or immersion.

The integrity of the insulation of ‘the cable connecting the groundbed (or an element of

lent oxidation of the conductor canllead to the premature failure of the groundbed.

ble connection

rotection cable conmiections to pipelines shall only be made by competent persong

P operator.
onnections.are typically made by
zing,

dering,

h a

oid

vith

nt coverage and warning tapes, in accordance with the legal/appropriate electrical and sdfety
regulatfions. It is also possible to bury the cables in fine-graded soil'or'sand.

rals

hble

the
and

, in

with ISO 13847 ot-documented procedures. Documented procedures shall be approved by

— adhesive bonding (only for measurement cables),

— fusion-welding with metal deposit,

— stud welding,

— welding steel piece (e.g. doubler plate), directly on the pipeline, with a pre-welded stud (or equivalent system), and

— aluminothermic welding.

Welding of cable connections shall not be carried out on bends or within 200 mm of pipeline welds,

fittings, an

24

d valves.

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=effb7727b3f886f7d5eb7197a27f6d41

ISO 15589-1:2015(E)

Where aluminothermic welding is used, the welding procedure shall ensure that any copper penetration
into the pipeline material is less than 1 mm and that the local pipeline hardness remains within the
limits of the pipe specification.

Aluminothermic welding should not be carried out on corrosion-resistant alloy pipelines.

Aluminothermic weld charges should not be greater than 15 g.

Aluminothermic welding on live pipelines shall be in accordance with a documented safety procedure

add

ressing the following:

b)

Me(
per
the

Wh

8.5

All
suit

End

NOT
acti
Pas
bon

Act
enc
for
hou

Wh

ispeectionandfortesting requirementstor-the-pipe-wattintegrity priorto-welding:
heat transfer and removal by the fluid in pipeline;

the effect, if any, the heat of welding can have on the fluid (e.g. for certain chemfieals).
nections should be verified by mechanical and electrical tests in order to demonstrate th

the surface of the protected pipeline is not adversely affected (e.g. acceptable superficig
the pipeline surface), and

the mechanical and electrical characteristics of the connection af'e suitable for the intendg

hanical performance can be tested with a sharp blow with a1 kg hammer; see EN 12732
formance can be tested by measuring the electrical resistance of the connection. The r¢
connection excluding the resistance of the cable shouldbe below 0,1 ().

bn the testing is complete, the coating should be repaired such that future water ingress is

3 Precautions to respect for distributiofiyboxes and test stations

above-ground electrical equipment related to the cathodic protection of the pipeline]
ably enclosed to protect them from iirauthorized access and from the environment.

losures should be located where\there is safe access.

E1 The most usual above-ground equipment can be categorized as either active or passive. |
ye equipment includes items-such as transformer-rectifiers, diode drainage bonds, and polari
ive items include items.such as distribution boxes, measuring facilities, remote monitoring, and e
s. Sometimes passiye measuring facilities are included with active equipment.

ve equipmentsstiould be housed in a suitably sized housing or enclosure. The size of the
osure shouldtake into account any heat that might be generated. The material should
the anticipated environmental conditions including ultraviolet radiation. It is not necessg
sings belockable.

bre‘appropriate, the housing should have provisions for the following:

at

I cracks on

d purpose.

. Electrical
sistance of

prevented.

should be

h this sense,
zation cells.
Juipotential

housing or
be suitable
ry that the

mains power connection boxes;

incoming electrical distribution panel with safety devices and auxiliary sockets;

main equipment fixings (e.g. transformer-rectifier, polarization cell, diode drainage bond);

panel for test measurements;

earthing.

The protection category of the housing (IP) shall be selected to suit the environment and be in accordance
with IEC 60529.
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Each installation shall have all cables clearly marked or colour coded so that future identification is
unambiguous. The housings shall have permanent identification labels.

NOTE 2  Passive equipment housings are usually much smaller than those used for the installation of
electrical equipment.

Test facilities should be terminated in a suitable test station or enclosure. Easy access to the measurement
terminal should be provided, and all cables should be permanently marked or colour coded to identify
their purpose. If there is any risk of high a.c. voltages on the pipeline, then the measuring facility should
be non-metallic (dead face) to avoid the risk of electric shock to the operator and members of the public.
The test facility should have a permanent identification label.

Test facilit for

the anticip

es installed in a below grade or surface box should have mechanical strength sufficient
hted traffic (e.g. surface boxes on highways or inside above ground installations).

test
the

Test facilitjes should be outside hazardous areas in order to avoid any risk due to sparking. If a
station is flo be installed in areas classified as hazardous, it shall conform to the claSsification of]
hazardous(areas in accordance with [EC 60079-10-1 or equivalent standard.

NOTE ther documents such as API RP 500 can be used.

8.6 Temporary protection

and

Temporary
application

Temporary
until a peri

cathodic protection should be applied during the period bétween trench back-filling
of the permanent cathodic protection system to avoid thérisk of pipeline external corros

cathodic protection systems should be provided for-the anticipated duration of the pe

ion.

fiod

manent cathodic protection system is applied. Itis\prudent to apply a considerable margin of

safety to allow for construction delays.

Temporaryf protection shall be provided if any of the-following conditions apply:

— pipelinje installed in low resistive electrolyte (less than 100 Q.m);

— period/between pipeline installation andypermanent cathodic protection exceeds 3 months;

— pipelifje installed in areas where high corrosion risks have been identified, e.g. caused by
geologiical cells.

Depending|on the electrolyte résistivities and current requirements, either zinc or magnesium anddes

should be ysed (see 10.3 and«1024).

Temporaryf galvanic anedes shall be connected to the pipe only via above ground facilities.

NOTE Anodes difectly connected to the pipe are difficult to relocate and disconnect when a permahent

cathodic protection:syStem is operational and can preclude accurate future ON/OFF CP surveys.

Anode curfent outputs and their effectiveness in providing cathodic protection shall be verified by

measurem

hontc 1 aonnrdarnon aarh Aoy A
Re3x

CIICo I ocCoTTOTItct—vy eI it re v

8.7 Specific case of existing pipelines

8.7.1 Ge

neral

For existing pipelines, the design may be undertaken using the information from 8.4.3 in conjunction
with field tests. Attenuation calculations may be made to determine the groundbed locations along the
pipeline (see Annex E).

NOTE In some instances, the only meaningful data that can be collected are restricted to electrolyte
resistivities, electrolyte analysis, stray current measurements, and the results obtained from a temporary
impressed current cathodic protection system.
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8.7.2 Parallel pipelines

Where pipelines are parallel, it is necessary to take precautions to ensure that there is no unacceptable
interference or shielding. The interference can be the result of the influence of the applied cathodic
protection, in which case the systems can need to be adjusted or the pipelines protected by a common
cathodic protection system.

Where modifications to the cathodic protection or coating system are made on one pipeline, it shall have
no adverse effect on the other pipeline(s).

To control current, bonds between two or more pipelines may be direct, or it can be necessary to include

adi
And
No

pde or a series resistor installed In a test facility.
de groundbeds should be located with due consideration to the risk of shielding and‘inte

vork should be undertaken on a parallel foreign pipeline without the consent of its oper3

rference.

tor.

NOTE1 Bonding parallel pipelines with widely differing cathodic protection curvent demands will probably
not pe successful. In some cases separate cathodic protection systems will be required.

NOTE2 Whenmeasuringpipe-to-electrolyte potentials on parallel pipelinesthatare notbonded, it{simportant
thaf{the reference electrode is located correctly.

8.7{13 Parallelism or crossing with a.c. power systems

Pospible measures against the occurrence of critical a.c. voltage shall be studied and implemented for
confrol of possible a.c. corrosion of the pipeline (see Anfiéx B) and other pipeline damage.

NOTE1 In the case of long-term a.c. influence on metallic pipelines, it is possible for a.c. to flow b¢tween bare
metpl (i.e. coating defect) and the electrolyte. In these\conditions, a.c. corrosion of metallic pipelings can occur

dur
NOT
pipe
8.8

Pip
of ¢
coa

Othler evaluation techniques should be applied to determine whether or not the coating is

The

cathodically protected. If the acceptance criteria after the evaluation techniques have been

are
loca

The

ng normal operating conditions.

E2 a.c. corrosion risk for cathodically*protected pipelines is covered in EN 15280. Other da
line and safety for personnel are covered-in EN 50443.

Trenchless installation methods

blines pulled through tunnels or installed by (trenchless) horizontal drilling techniques
xternal coating damage’caused during pulling. These construction methods precluc
[ing inspections or-¢lose interval potential measurements once the pipeline section i

evaluation techniques, see e.g. D.4.3, can help to ascertain whether these pipeline sect

not acceptable, then, if it is technically feasible, a coating defect survey may be carried ou
te where'eoating defects are and assist in determining any rehabilitation requirements.

follewing should be provided for trenchless constructions.

Image to the

are at risk
le detailed
5 installed.

damaged.
ons can be
performed
t. This will

— Testfacilities should be installed at either side of the crossing as close as possible in order to perform

the best possible measurements on the non-accessible parts of the pipeline.

— After the section has been grouted or backfilled, measurements should be made to confirm the

coating integrity.

If trenchless pipeline sections cannot be protected from the main cathodic protection system, they

should be electrically isolated and separately cathodically protected.
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9 Impressed current stations

9.1 General

Impressed current stations should be located where they are easily accessible and where they are
protected against environmental damage, electrical damage and vandalism. The installation shall be
carried out in accordance with the national and local appropriate electrical and safety regulations.

The follow

ing should be considered when selecting locations:

— proximity of an a c_power source or possibility to use another power supply (battery solar panel
4 I I 4 I I/ U J7 I

with b
— suitab

— distan

httery);
e electrolyte conditions and suitable site for the groundbed system;

ces from the pipeline and from other metallic structures (buried structuresS or met

buildiggs), mainly in urban areas;

— distan

Ces from other cathodic systems or a.c. or d.c. sources;

— hazardous areas.

Usually thg

required b
The follow

— safety

ng labels should be on the housing:

signs concerning the dangers of electricity;

— identiffication signs concerning the owner/operator.and the installation.

9.2 Powgr supply

The d.c.vo

voltage soyrces may be considered.

The follow

ng shall be taken into accotint when specifying d.c. voltage sources:

— availability and type of connection to a.c. supply;

— typeo

— measu

F rectifier;

Iring devices,€:g/voltmeters, ammeters;

— numbdr of outptit terminals;

— typeo
— typeo
— remov
— requir
— electri
— protec
— requir

— requir

F copling (air or oil);

~mﬂ-pnf control (vn]fngp, currentor pnhﬁnfinchh’r‘);

1lic

installation work is undertaken as soon as possible after the completion of the pipelinje. If
y design (see 8.5), temporary cathodic protection systems&hould be installed and activa

red.

tage source should be a transformetfy/rectifier unit fed by an a.c. power supply, but alternafive

able link to allow insertion of cyclical current interrupter;

ement for the permanent installation of a cyclical current interrupter;
cal and safety requirements for the equipment;

tion measures against possible high voltage interference;

ement for a.c. and/or d.c. surge protection;

ement for environmental protection and housing;

— a.c. content of the d.c. output (acceptable ripple factor);

28

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=effb7727b3f886f7d5eb7197a27f6d41

ISO 15589-1:2015(E)

identification and rating plate details;
environmental protection (e.g. IP rating);

remote monitoring / control equipment.

Generally, voltages higher than 50 V d.c. (rectifier output) should be avoided.

NOTE High voltage gradients in the electrolyte in the vicinity of groundbeds can be a hazard
persons, or buildings with metallic structures.

Tra
ope

9.3

9.3

The
typ

b)

Ins
tak

nsformer/rectifiers shall be specifically designed for CP service and shall be suitable for

to animals,

continuous

ration under the prevailing service conditions.
Groundbeds

1 General

groundbeds of an impressed-current cathodic protection system shall be'of the deep-wel
b. The design and location shall meet the following.

Quantity of the groundbed materials (anode and backfill) shall\be compatible with the
size and design life of the cathodic protection system.

The resistance to remote earth of each groundbed shall allow the maximum predict
demand to be met at no more than a value defined during the design (e.g. 70 % of the volta
of the d.c. source) during all seasons of the year,and throughout the design life of th
protection system. Calculation shall be based ox the resistance of the anode groundbed
of its design life.

NOTE Formulas to calculate the resistance are given in NACE Corrosion Engineer’s Refg
(3rd Edition).[4]

Harmful interference on neighbouring buried structures, including fences, foreign pipeli
piping, and earthing systems, shall be avoided.

electing the location and type of groundbeds for installation, the following local conditic
bn into account:

electrolyte conditiehs/and the variation in resistivity with depth;
groundwater Jevels;
any evidenee of extreme changes in electrolyte conditions from season to season;

nature-ofthe terrain;

or shallow

croundbed

ed current
be capacity
e cathodic
at the end

rence Book

hes, facility

ns shall be

shielding (especially for parallel pipelines);

likelihood of damage due to third-party intervention.

The basic design shall include a calculation of the groundbed resistance based upon the most accurate
electrolyte resistivity data available.

If multiple groundbeds are necessary to deliver the current demand, then the current output from each
groundbed should be independently adjustable.

9.3.

Dee

2 Deep-well groundbeds
p well groundbeds should satisfy the NACE SP0572.

© ISO 2015 - All rights reserved

29


https://standardsiso.com/api/?name=effb7727b3f886f7d5eb7197a27f6d41

ISO 15589-1:2015(E)

Deep-well groundbeds should be considered where

hydrologic and geoelectric underground conditions allow them,
electrolyte conditions at depth are far more suitable than at surface,

there is a risk of shielding by adjacent pipelines or other buried structures,
available space for a shallow groundbed is limited, and

there is a risk of interference currents being generated on adjacent installations.

The detailg
the electrd
conductivg

The boreh
different g
this activit

Where nec
groundbed

NOTE ]
d.c. current

If permane]

d design shall include a procedure for drilling the deep well, establishing the resistiyit
lyte at various depths, completing the borehole and method of installing the anodes
backfill.

ble design and construction shall be such that the undesirable transfer of wdter betw
bological formations and the pollution of underlying strata is prevented. IniSome countt
y may require special tests and documentations.

bssary, metallic casings should be used for stabilizing the borehole in\the active section of
. The metallic casing shall be electrically isolated from any structures on the surface.

fletallic casings provide only temporary borehole stabilization, as(the metal will be consumed by
flow.

nt stabilization is required, non-metallic, perforated casings should be used. In the calcula

of the groundbed resistance, the electrolyte resistivity data corrésponding to the depth at the midp

of the acti
different e

Deep-well
anodes an
chlorine-rg

9.3.3 Sh
Shallow gr
— electrq
there i
space }
the cu

Shallow gr

e length shall be used and the possibility of multi-layered electrolytes with significa
ectrolyte resistivities considered.

broundbeds should be provided with adequrate vent pipes to prevent gas blocking betw
1 the conductive backfill. Vent pipe material shall be manufactured from a non-met
sistant material.

hllow groundbeds

bundbeds should be considered where

lyteresistivity near thesurface is far more suitable than atthe depths ofa deep-well ground
5 no risk of shielding by adjacent pipelines or other buried structures,

s available for-a’shallow groundbed, and

'rent being generated does not create unacceptable corrosion on adjacent buried structu

y of
and

een
ies,

the

the

fion
bint
htly

een
h1lic

bed,

Fes.

the

ouridbed anodes shall be installed horizontally or vertically. In either case, the top of]

conductive

backfill shall be at least 0,8 m below ground level or at least below permafrost level (when

applicable). In the calculation of the groundbed resistance, the electrolyte resistivity data corresponding
to the centre-line (horizontal groundbed) or mid-point (vertical groundbed) of the anodes shall be used
and the possibility of multi-layered electrolytes with significantly different electrolyte resistivities
shall be considered.

The detailed design shall include a procedure for the construction of the groundbed, for the installation
of the anodes and for the conductive backfill.

Permanent marking should be considered for the beginning and the end of each groundbed.

30
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4 Impressed-current anodes and conductive backfill

Anode materials should be selected from the following list:

high-silicon iron alloy, with appropriate chromium concentrations if used in electrolytes with high

chloride content and if allowed by regulations;
magnetite;
graphite;

mixed-metal-oxide-coated titanium;

Alte

denmponstrated and is documented.

Din
cur
Bac

con
con

Ele

NOT
elec

Car
of t

Thd
bac

The
par
megq

Use
for

conductive polymers;
steel.

rnative materials may be used if reliable performance for the specific opefrating condit

ensions and mass of the selected material shall be capable of delivering 125 % of the reqy
Fent output throughout the design life of the cathodic protection system.

kfill material shall be used to decrease anode-to-electrolyte” resistance unless the
ditions give a satisfactory groundbed resistance, the electrolyte is homogeneous and
sumption of anodes is expected.

tronic conduction backfills are generally used with fmpressed current anodes because t
areduction of the anode consumption;
an improvement in the gas percolation.

E Backfill material can have either an-electronic conduction (e.g. coke, graphite and magi
trolytic conduction (e.g. bentonite and gypsum).

e should be taken with electrolyte-backfills to prevent the drying out of the backfill durin
he impressed current systems

environmental impact of the dissolution of anode materials and breakdown of the
kfill material shall beconsidered.

backfill shouldde-checked to verify whether it is suitable and has been correctly pre
Ficularly impottant to check that the backfill is both sufficient in quantity and homoge
ts the requirements of the project specification.

of contintrous conductive polymer anodes or titanium MMO wire should be considered, g
very high resistivity electrolytes surrounding the pipeline.

ons can be

ired anode

electrolyte
a uniform

hey allow:

etite) or an

b operation

conductive

pared. It is
neous, and

articularly

And

Facteristics

de pprfnrm:mr‘p should be verified with the manufacturer. Typir‘:\] electrachemical cha

of anodes used for impressed current systems of buried pipelines are given in Table 4. In case when
carbonaceous backfill is used, the coke consumption should be taken into account in the groundbed sizing.
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Table 4 — Typical electrochemical characteristics of impressed current anodes in soil

. Typical range for anodic cur-
Anode materials Consu.lzgt.ui? rate rent density

g y A.m—2
Scrap steel 10 000 to 12 000 1to5
High silicon iron alloy 250to 1000 10 to 30b
Impregnated graphite 500 to 1 000 2,5 to 10b
Magnetite 2 10 to 20b
Mixed metdT oxide (MMO]J on titanium b
substrate i carbonaceous backfill > 5010100
Conductive|polymers in carbonaceous a 0 4b
backfill ’

current dengity is 5 A-m-2.

NOTE When impressed current anodes are installed with carbonaceous backfill, it is necessary to takelinto accounf the
consumption rate of carbonaceous backfill. Typically, it is 900 g-A-1-y-1 to 2 000 g-A-1.y-1 and a typical range for anpdic

a  These afpodes are usually installed in a carbonaceous backfill. The design life is generally ggverned by the carbonacqous
backfill conqumption rate. The consumption rate of the anode is therefore insignificant.

b The anofle manufacturer’s maximum current density recommendations should be opServed.

¢ NACE/TM 0108-2008l2] gives recommendations for testing catalysed titanium.dnodes in soil.

9.4 Output control

9.4.1 Gelneral

The outpuf current from a rectifier may be controlled by the following:

— constant output rectifier voltage: the currentds’controlled by the circuit resistance. Changes in|the
externpl circuit (e.g. stray currents, electrolyte variations) will result in changes of the valug of

applie

— potent]
to the

current to the pipeline;

ial control: the potential measured on the pipeline at a representative location and fed |
rectifier, which adjusts the transformer rectifier output and maintain the preset poter

ack
tial

measujres on the pipeline. Changes in the external circuit (e.g. stray currents, electrolyte variatipns)

will re|

— currerj
to a s¢

The electrifal circuitbetween the groundbed and the pipeline, through the transformer rectifier, she

be left ope

sult in changes of the'value of applied current to the pipeline;

t control: the current delivered by a rectifier is automatically controlled by compari
t value.

1 at thetransformer rectifier until commissioning.

9.4.2 Cuprent distribution for multiple pipelines

son

uld

When more than one pipeline is being cathodically protected by one rectifier, the parameters below

shall be considered:
— pipeline routes;
— pipeline owner/operator;

— electrical influence;

— current demand for each pipeline;

32

cathodic protection shielding effect (position of the groundbed versus different pipelines).
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Resistors should be installed in the negative drains to balance the current to each of the adjacent
pipelines individually. Each negative drain may be provided with a shunt and diode preventing mutual

infl

uence of pipelines during ON-potential and OFF-potential measurements (see Annex A).

All cables, diodes, and current measurement facilities should be installed in a distribution box or
transformer-rectifier cabinet.

Cathodic protection on multiple pipelines from a single transformer rectifier may be achieved by the
use of equipotential bonding if cathodic protection effectiveness is achieved. This, however, limits the

pos

9.4

The d.c. voltage source can be required to maintain a constant pipeline potential tg com

cha

In such cases, the voltage measured by a permanent reference electrode maybe used as a

pot

The reference electrode shall be placed so that it accurately reflects the patentials that are n

con

sibility of measuring the potentials of individual pipes.

3 Potential control

hges in the external circuit conditions. Changes can be caused by stray or telluric currenti

bntial to change the transformer-rectifier output to maintain a constant,pip€ to electrolyt

[rol (e.g. close to the pipeline).

ensate for
erference.

controlling
b potential.
pcessary to

NOTE The control of the output characteristics is usually done electronically, which has the berfefit that the

current output can be limited to prevent over protection in the event 6f reference electrode failure.

Per

The
10 1
con
vol{

manent reference electrodes shall be regularly monitored.

potential measuring circuit used to provide the control shall have a minimum input re
M(Q). The electronic control system shall have a resolution of at least #10 mV and be pro
[rols to set the required protection potential and the current limit and/or visual alary
age or over current situations.

sistance of
vided with
hs for over

Panel meters shall be provided to show the©utput voltage, output current, and protection pgtential.

10

10.

Gal
for
low

Apq

Galvanic anode systems

1 General

Fanic-anode systems(Should be considered when the current demand is low. They are mo
bmall-diameter pipelines, shortlengths (a few kilometres) of coated larger diameter pipel
resistivity electrolytes (where the anode is installed), water, swamps, or marshes.

lication of galvanic anodes may also be considered
if no peweér for impressed current is available,

for temporary protection of newly laid pipelines,

re adapted
nes, and in

for temporary protection of existing pipelines,

if maintenance of the electrical equipment associated with an impressed current is impractical,

for localized (hot-spot) protection to supplement impressed-current systems (e.g. in the case of a

complex structure or anodic areas such as next to an isolating joint),

where remote groundbeds for impressed-current systems cannot be provided,

in the thaw-bulb at locations where the electrolyte around the pipeline can freeze (permafrost),

under thermal insulation where external impressed current system cannot be effective due to the

electrical isolation supplied by the thermal coating, and

© ISO 2015 - All rights reserved

33


https://standardsiso.com/api/?name=effb7727b3f886f7d5eb7197a27f6d41

ISO 15589-1:2015(E)

— when a shielding effect can prevent the cathodic protection current from reaching the pipeline.

10.2 Desi

gn requirements

For a successful cathodic protection of pipelines, the design of galvanic-anode systems shall meet the

following r

equirements:

resistivity of the electrolyte and the driving potential of the anode) along the pipeline;

the anode shall be capable of continuously supplying the maximum current demand;

the chosen anode material shall deliver the required protection current (taking into account the

the m4
of the

Galvanic apodes should be marked with the type of material (e.g. trade name, anode masswithout an

backfill, an
and perfor

The environmental impact of galvanic anodes and their backfill shall be considered.

NOTE f
(see EN 124

Aluminiun
content of

Other alloy

The calcul

correspondling to the shape deterioration of the anode“wvith time. Except when otherwise specifie

value of 0,§

10.3 Zind

Typical co
electroche

pipeline applications, zinc anodes shall be used with anode backfill, except when soil contains chlor

or sulphatg

NOTE |
becomes v¢
efficiency. Tj

ss of the anode material shall be sufficient to supply the required current for the design
bipeline system.

d cast number). Full documentation of number, types, mass, dimensions, chemical analy
mance data of the anodes shall be provided.

D6). Specific practical data concerning the properties of these materials are given in 10.3 and 10.

anodes shall not be used in buried conditions in eleCtrolyte except where the chlo
he electrolyte is high enough.

ation for determining the anode mass shall take into account a utilization factol

0 should be used for this factor.

anodes

positions of zinc anodes are given in Table 5 (see EN 12496). Table 6 gives tyq
mical characteristics common to the three type of alloys in Table 5. When installed in soi

S.

In environments where carbonates, bicarbonates, or nitrates dominate, the potential of the
ry noble due to the presence of passivating surface films. This effect can reduce the zinc aj
his phenomena-doesn’t appear if the electrolyte contains sulphates or chlorides.

34

life

ode
rSis,

or buried pipeline applications, the two main anode materials used.dre zinc and magnesium alloys

i3

Fide

s may be used providing the reliability of their performance in electrolytes is demonstrafed.

u,

)
d, a

ical
for
des

zinc
ode
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Table 5 — Typical chemical compositions of the alloys used for zinc anodes

Elements ey Aars % "maseth
Al 0,1t0 0,5 0,005 max 0,10 to 0,20
Ccd 0,025 to 0,07 0,003 max 0,04 to 0,06
Fe 0,005 max 0,001 4 max 0,001 4 max
Cu 0,005 max 0,002 max 0,005 max
Pb 0,006 max 0,003 max 0,006 max
Sn — — 0,01mpx
Mg — — 0,5 mgx
Others 0,10 max 0,005 max 0,1 mdx
Zn 99,314 min 99,99 min remaingler
a  |Alloys Z1 is normally supplied in accordance with US. MIL-A-18001-K-93[Z] or to ASTM®B448-12,[5] Type L.
b 1Alloy Z2 is often termed “high purity zinc” and is normally supplied in accordance-with’ ASTM B418-12[X]| Type II.

Table 6 — Typical electrochemical parameters for zinc anodes used in soils

Parameter Zinc anode
Open circuit potential (V versus saturated ~ B
Cu/CuS04) 1,05 to -1,10
Closed circuit potential (V versus satu- _ N
rated Cu/CuS04) 1,00 to -1,05
Practical electrochemical capacity 780
(A-hr/kg)
Practical consumption rate (kg/A-yr) 11,2

Zing¢ anodes, even with backfill, should not be used if the resistivity of the soil is higher thpn 50 Q.m,
unlgss the engineering evaluation orfield test confirms that the design requirements can bejmet.

10.4 Magnesium anodes

Typiical compositions of magnesium anodes in accordance with EN 12496 are given in Tablg 7. Table 8
givés typical electroeliemical characteristics. When installed in soil for pipeline applications, jnagnesium
anojdes should be @ased with anode backfill.
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Table 7 — Typical chemical compositions of the alloys used for magnesium anodes

Tabh

Elements Alloy M 12 Alloy M 2
mass % mass %

Mn 0,25 min 0,5to 1,5

Al 5to7 0,05 max

7n 2to4 0,03 max

Fe 0,005 max 0,03 max

Cu 0,08 max 0,02 max

Si 0,3 max 0,05 max

Pb 0,03 max 0,01 max

Ni 0,003 max 0,002 max
Others total 0,30 max 0,30 max
Mg remainder remainder

a  Alloy M 1 is normally supplied in accordance with ASTM B843-09.[6]

le 8 — Typical electrochemical parameters for magnesium-anodes used in soils
Parameter Tmass ‘et
Open circu(i:tup}c():;esn(;;e;l (Vvs. sat. 1,57 to -1,68 177 to -1,82
Closed circ%il‘i})é)l‘fggii)eal (Vvs. sat. 1,52 t0 1,57 1,64 to -1,69
Practical elec('Z.(;lc/fllfgical capacity 1100 1100
Practical Eﬁgjx$)ption rate 75 75

Magnesiunh anode, even with backfill, should not be used if the resistivity of the soil is higher than 100 {)-m

unless the

NOTE
magnesium

36

bngineering evaluation or(field tests confirm that the design requirements can be met.

urrent efficiency is reduced if the anode current density is lower than 200 mA/m?2 (see Figure 1 for
alloy M 1).
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NOTE Figure 1 comes from R.A. Gummow, “Penformance efficiency of high potential magnesium anodes for
catHodically protection iron watermains”, Proceedings of North Area Eastern Conference).[8]
Figure 1 — Current capagcity of magnesium alloy M 1 versus current density
10.5 Design of the anode system
For|pipeline applications,.anedes are often manufactured in rod elements with circular or rlectangular
crogs-section.
Sevpral anodes camrbe’electrically connected to the pipe at the same location to deliver the tofal current.
However, partictlarly for long sections of pipes or in non-homogeneous electrolytes, the anofdes may be
spread out alongthe pipeline for a better distribution of the protection current.
The total.net anode mass, m, required to maintain protection throughout the design life shall be
calquldted for each section of pipeline in accordance with Formula (7):
8760
m=1cm><td1>< (7)
uxe
where

Icm is the mean current demand, in ampere;
tar is the design life, in years;

€ isthe electrochemical capacity of the anode material, ampere hour per kilogram.

The number of anodes, their dimensions, and net mass shall be determined in order to meet the estimated
final current requirements for protection of the pipeline section using Formulae (8) to (12) given below.
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The number of anodes, n, is given by Formula (8):

m=nxm, (8)

where
m is the total net anode mass, in kilogram;

m, is the individual net anode mass, in kilogram.

The required end-of-life individual anode current output, I, shall be calculated from Formula (9):
I

where

Icr is the total current demand for the cathodic protection of a specific pipelinesection at the gnd
of life (for maximum coating breakdown factor), in ampere.

For given ahode dimensions, the actual individual end-of-life anode current eutput, /51, shall be calculated
from Formpla (10):

El -E
Iaf:_R 2

10)

a

where
E, isthe design closed-circuit potential of a galvanig¢:anode, in volts;
E: isthe design protection potential (minimum negative potential), in volts;

R, is the total circuit resistance for a galvalic anode cathodic protection system (assumed to be
equivalent to the anode resistance}; inrohm

NOTE K. - E, is generally referred to.as'the design driving voltage.

To provide| end-of-life protection, the actual end-of-life anode current output shall be greater thah or
equal to the required end-of-life¢’current output as given in Formula (11):

Las > If 11)
The overalf anode resistance R, shall be calculated. In this aim, the anode resistance, Ry /b, relative tothe

backfill, ard the backfill bed resistance, Ry /s, relative to the natural electrolyte can be calculated uging
Dwight’s fogrmula~(see Reference [4]).

For the end-of-design-life anode resistance, anodes shall be assumed to be consumed to the exfent
indicated by the utilization factor. The approximate end-of-design-life anode dimensions should be used
in the anode resistance equation for R;.

The overall anode resistance R; is then given by Formula (12):

Ra=Ra/pb + Rp/s (12)

10.6 Anode backfill

For galvanic anodes, only electrolytic conduction backfills shall be used. They should consist of a mixture
of gypsum, bentonite clay and sodium sulfate.

The required composition of the anode backfill material shall be included in the anode specification.
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The composition of backfill shall be determined such that the local resistivity is lowered and the build-
up of insulating corrosion products around the anode surface is prevented.

Backfill for zinc and magnesium anodes may consist of a 20 % mud of bentonitic clay for water retention,
75 % gypsum and 5 % of sodium sulfate to improve the local conductivity around the anodes.

NOTE Gypsum helps to minimize the anodic polarization of the anode, mainly for zinc anodes.

10.

7 Cables and cable connections

The _connection between galvanic anode cables and the pipeline shall be in an accessible facility. This

allo
int
10.

Thd
eled

Thd
And

ws carrying out potential and current measurements. Permanent high resistance measu
e anode circuit should not be installed to prevent reduction of current.

8 Anode installation

anodes should be buried at 3 m to 5 m from the pipeline and at pipeline depth or lower to
trolyte with better resistivity.

galvanic anodes should not be buried directly in the electrolyte batin a backfill.

des directly packaged in a porous sack bag filled with a dry,backfill shall be immersed

mixture of soil and water to dampen the backfill before burials

11

11.

Monitoring facilities shall be installed along the pipeline route to allow measurement of the pe

of t

11.

To monitor pipe-to-electrolyte poténtials, currents and possible interferences, test stations

inst

Monitoring facilities

1 General

e cathodic protection.

2 Locations of test stations

alled along the pipeline at intervals not greater than

3 km in rural areas,@nd

1 km in urban ofindustrial areas.

[ stations shallalso be installed at special features, such as the following:
isolatingyjoints;

cofmections to earthing systems;

ing shunts

reach a wet

n a muddy

rformance

should be

metallic casings;

bond connections to other pipelines or facilities;
connections with coupons and grounding;
impressed current stations;

drainage stations.

Test stations should also be installed where the pipeline

crosses or runs parallel with a.c./d.c. traction systems;

crosses or runs parallel with a.c. power lines;
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can be

crosses or runs parallel with other pipelines;
crosses major roads and embankments (such as dykes);
crosses railways and rivers;

crosses highly aggressive soil conditions (e.g. polluted areas, very low soil resistivity, ...);

influenced by shielding effects;

runs close to other structures with a cathodic protection system:

— isused

Generally,

NOTE
the soil for 1

For the very

pipeline w
colour-cod

11.3 Des¢
Test statio
one or

one or
probes

one or
one or

two or]

11.4 Use

Coupons o1

— elimin
in pres
protec

runs through non-metallic casings;

as a shunt to carry out line current measurements.

he test stations should be installed above the pipeline. Test stations should be,identified

IIn urban and industrial areas, it can be necessary to install additional facilities to'provide contact y

eference electrode at the measuring point.

ification of the integrity of the connections, two separate conductorscan be attached to

ng or tags.

‘ription of test stations
1s may contain the following:
several cables connected to the pipeline;

several cables connected to specific devicessuch as permanent reference electrodes, coup
, ER probes, and d.c. decoupling devices;

several cables connected to neighb@uring structures;
several cables connected to casings;

more cables connected tg the pipeline for line current measurements.

pf probes and coupons
probes shouldbe’used when required (see Annex A) to

hte IR dropswhen conventional ON-OFF potential measurements cannot be carried out,
ence of\d.c. stray currents, equalizing currents and electrical interferences from cath
tion systems of neighbouring structures,

evaluatea.c. corrosion risks (see EN 15280),

vith

the

th two different connections. All conductors in the same test station shall be identified by

b1,

e.g.
hdic

evaluate d.c. and /or a.c. current densities, and

evaluate corrosion rates of steel in the electrolyte (ER probe).

Coupons or probes should be installed as close as possible to the pipeline to represent the pipeline
operating conditions. This might not be possible always such as close to pipelines operating at high
temperature (e.g. for ER probes) or in urban areas.

NOTE

Probes provide more accurate measurements when compared with coupons for assessing the cathodic

protection effectiveness. In this case, a permanent reference electrode is normally installed close to a coupon in order
to minimize IR drops. The accuracy of the measurement is improved if the reference electrode is regularly calibrated.

40
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11.5 Bonding to other pipelines

Where a bonding facility at crossings with other pipelines is required, this should consist of two
separate, suitably sized, conductors attached to each individual pipeline, terminating in a test station
with facilities to install direct, unidirectional, or resistive bonds as required.

11.6 Test facilities at cased crossings

To detect contacts between a metallic bare casing and the carrier pipe and to assess the cathodic
protection effectiveness, one conductor shall be installed on the pipeline and another one on the casing.
To lpeatize-aeontacthetweenametatichbareeasingand-the carrier pipetwetesteondueters should be
insflalled on both ends of the casing and two test cables should be installed on the pipelinéZaf both ends
of the casing. All cables shall be terminated in test stations.

11.7 Test facilities at isolating joints

Cornections to the pipeline shall be installed on each side of allisolating jointsto check their fupctionality.
If conductors are installed, they should arrive at the same test station and be correctly sized to install
dirgct, unidirectional or resistive bonds, and surge protective devices;

11.8 Line current monitoring test stations

For|line current measurements, each cable connection to thépipeline shall be identified to ¢nsure that
the[direction of current flows can be established. Cable configuration, installation, and calibration shall
be ih accordance with Annex A.

11.9 Drain-point test facilities

At drain points, each negative connection to the'pipeline should be provided with current mgasurement
facilities, normally installed at the d.c. powér’source. Where multiple negative connections arje installed,
sepprate shunts and, where necessary, blocking diodes should be provided.

At drain points, a test station shouldbe installed using a separate test conductor from the cufrent drain
conductor. This conductor, connéected to the pipeline, shall be dedicated to the measurement ¢f the drain
point potential. A test station'is\iot required if the drain point is installed on an above-groynd section
of the pipeline.

11.10 Miscellaneous’'monitoring facilities

Where pipelinesrun through remote areas or access on a regular basis is difficult, remote monitoring
usinmg long-distance cables, telemetry or other data transmission systems in conjunction with permanent
refdrence electrodes and coupons should be used.

12|Commissioning

12.1 General
Commissioning of cathodic protection systems shall be in three steps as follows:

— preliminary test to verify that the cathodic protection system is installed in accordance with the
design requirements;

— start-up of the cathodic protection system;

— verification of the cathodic protection effectiveness in accordance with the criteria defined in
Clause 6 and to adjust if necessary.
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These three steps are necessary to confirm a fully functional cathodic protection system and to provide

reference information for future controls.

The commissioning work shall be documented with the final report containing the results of
measurements, changes made to the design and all information which can be useful for future monitoring.

Measurements should be carried out while the interference source is under normal and representa
operating conditions.

12.2 Preliminary tests

tive

All electrifal installations should be constructed and verified by electrical personnel apprd
in accorddnce with local regulations. All necessary safety documents shall be available ‘be
commencement of the preliminary tests.

Compliancg of the cathodic protection system with the design shall be confirmed befofe activat
Deviations|shall be corrected or reviewed for acceptance before start up.

All tempofary cathodic protection systems shall be disabled and the pipeline ‘depolarized be
commencement of preliminary testing. Prior to energizing the cathodic protection system, the follow
checks should be performed to confirm:

ved
fore

ion.

fore
ing

a) electrical integrity of the cathodic protection circuit (e.g. anode and cathode junction boxes,

foreign structures);

rmer-rectifier stations:
— tightness of screws and nuts;
— acfessories are securely mounted;
— cofrect denomination of pipeline and groundbed cables;
— cofrect output polarity of the transformer rectifier;
c) oil-codled transformer-rectifiers:
— refjuired oil level;
d) electrical drainage stations:
— tightness of screws-and nuts;
— acfessories arésecurely mounted;
— cofrect polarity of pipeline and rail cables;

— on|pipeline potential for at least 24 h for later comparison;

e) functioning of isolating joints, for which methods described in ANNEX A OF Others if justitied may be used;

f) electrical isolation of earthing devices and metallic casings;

g) resistance measurements:
— resistance against remote earth of the groundbed or the galvanic anode;
— resistance between the pipeline to be protected and the groundbed;

h) teststations:
— correct marking of cables and terminals;

— tightness of cable terminations;
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i) correctinstallation of coupons and working electrodes;

j) potential measurements at measuring points:
— corrosion potential, E¢or, of the pipeline on all test stations;
— influence on the pipeline from a.c. or d.c. sources;
— anode to electrolyte potential of galvanic anodes;

— structure to electrolyte potential of neighbouring foreign structures.

The information from these checks shall be provided to the personnel responsible for¢tHe start-up,
ver{fication of the effectiveness, and drafting of the commissioning report.

12.3 Startup

12.8.1 Impressed current stations
The start-up phase shall include the following steps:
— |switch on the impressed current stations and confirm that it is-functioning correctly;

— |adjust station settings to conform the potential requiremients of the design. The caus¢s of major
deviations should be ascertained by measurements.

Imrhediate action shall be taken if the pipeline potentialFmoves towards more electropositive values
aftdr energizing the d.c. current sources.

The following measurements shall be performed-gn all impressed current stations:
— |rectifier output voltage on impressed current stations;

— |protection current outputs;

— | ON-potential at drain points.

Degending on the evaluation-efithe results of these measurements, the setting parameterg should be
adjysted and measurements carried out again.

NOTE Annex C describes some typical troubleshooting information.

12.B.2 Galvanicanodes
The start-up/phase shall include the following steps:

— |after\eonnectingall galvanicanodes as defined in the cathodic protection design, it shall bd confirmed
that'they are functioning correctly. If major deviations occur, the causes should be ascgrtained by

4 A | PR |
IIICASUTI TIIITIILS dllu Lurrciicy,

— when necessary, connection of galvanic anodes may be carried out via variable resistors for
current limitation.

The following measurements shall be performed on all galvanic anodes:
— protective current output of each galvanic anode;
— ON-potential of the pipeline at galvanic anodes locations.

If the evaluation of the results of these measurements suggests any doubt for the effectiveness of
the cathodic protection, then the setting parameters of the resistors, if any, should be adjusted and
measurements carried out again.
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12.3.3 Drainage stations

After confirmation that the drainage is functioning correctly, the following measurements shall be

performed

correc

and recorded:

drainage current for at least 24 h;

t functioning of the unidirectional device (diode);

station sites with the drainage connected for at least 24 h and not connected for at least 24 h;

12.3.4 Te
The follow
ON-po
ON-po
ON-po

struct

influence on them;

ON-po

ON-po
reinfoi

12.4 Veri

12.4.1 Ge
The pipeli
contact wi

design con
on the nat

The pipelir

12.4.2 Me
The follow

direction and magnitude of currents on coupons, if any, for at least 24 h.

ON-potential of the pipeline and potential of other foreign structures, such as railways, at the drainage

5t stations

ng measurements shall be performed at test stations:
fential at the extremities of the protected pipeline;
fential at critical locations;

fential and current on coupons, if any;

ire of electrolyte potentials of neighbouring foreign_structures to verify any posg

fential and current through the bond at bonded structures;

fentials to verify the electrical isolation of the“pipeline at isolating joints, metal casi
ced concrete, earthing systems.

fication of cathodic protection effectiveness

neral

e to electrolyte potential§tshall be measured once the pipeline to protect has suffic

lition (temperature, pressure) and after a suitable polarization period (principally depenc
Ire of the electrolyte-and the protection current density through the coating defects).

e to electrolytépotentials shall meet the criteria in Clause 6.

asuremeénts of d.c. potential and a.c. voltage

ngmeasurements shall be carried out:

d.c.ON

potentialsanda c voltagesateachteststation-Inarecaswherethemeasurednotentialsorvel

th the electrolytic medium’consecutive to trench backfill consolidation, is operating af

ible

hgs,

jent
its
ling

r o r
drops fluctuate (e.g. as a result of interference from a d.c. traction system), measurements should be

made using a data logger, preferably during 24 h, and simultaneously with adjacent test stations;

NOTE

atalle
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OFF-potentials without d.c. stray currents at all selected test stations as defined in 13.3;

It is preferable to carry out these measurements at all test stations.

quipped test stations and preferably recorded over 24 h.
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12.4.3 Current measurements

The following measurements shall be carried out:

d.c. protective current at each impressed current station, including the measurement of current in

each negative cable;
d.c. protective current at each galvanic anode;

d.c. and a.c. currents flowing through bonds with the direction of d.c. currents, particu
presence of d.c. railways stray currents;

larly in the

12.

If t
pro
pip
NOT

12,

12.
As

d.c. current at d.c. drainage station, preferably recorded over 24 h;
d.c. and a.c. currents through d.c. decoupling devices;

d.c. and/or a.c. currents through external test probe or coupon, preferably@¢corded o
case of d.c. stray currents and/or a.c. interferences.

1.4 Adjustments

he effectiveness of the cathodic protection system is not reached, adjustments of th

tline in accordance with the design is achieved.

E Possible adjustments are the following:

adjustment of the protection current (increase or decrease);

installation of new drainage station if necessary;

adjustment of the circuit resistance of the drainage device (increase or decrease), if any;
installation of d.c. decoupling devices;

installation or disconnection of bonds:
5 Commissioning report

5.1 Installation documentation

built documentatien shall be prepared containing as a minimum the following:
design documrentation (see 14.1);

protection criteria applied in accordance with Table 1;

deSeription and specifications of all the cathodic protection equipment used (such as
current source, galvanic anode, drainage, remote monitoring system, and groundbeds);

ver 24 h in

e cathodic

Lection system shall be made and measurements repeated until\the cathodic protection of the entire

impressed

as-builtinstallation drawings of the pipeline, its cathodic protection system and adjacent structures;

schematic diagram showing all a.c. and d.c. connections;

recommended monitoring and maintenance programmes including frequencies.

12.5.2 Commissioning measurements

All the data collected during the commissioning shall be gathered in a commissioning report, which
should include the following:

— impressed current source settings (output voltage, current delivered, type of regulation, etc.);

© ISO 2015 - All rights reserved
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galvan

a.c.vol

curren

ic anode measurements (potential and current);

groundbed or galvanic anode resistance values;

pipeline to soil potentials (ON and OFF);

tage on the pipeline;

coupon potentials (ON and OFF);

t measured on coupons;

currern
currern
values
isolati

interfd

descri]

descri]
effecti

NOTE1 1
and that the

NOTE2
during mon

13 Moni

13.1 Gen

Inspection
(see 13.3) 4
may not be
contamina

Inspection

Measurem

t from bonds;

t from drainage bonds;

of resistors used on the cathodic protection system;

bn device verification measurements (e.g. potentials, resistance);

rence test results carried out before and after commissioning;

evaluaftion of cathodic protection effectiveness at the time of completion of the commissioning;

btion and results of any corrective actions taken during commissioning;

Veness.

effectiveness of cathodic protection of the pipeling isreached at this time.

'he commissioning report records the refererce values for comparison with future measurem
toring and inspection operations of cathodi¢protection of the pipeline.

foring, inspection, and mdintenance

bral

and monitoring of theycathodic protection system shall be carried out at regular inter
o confirm that the protection criteria are fulfilled and to detect any deficiencies. The crit

achieved at locations where the protection is deficient due to shielding effects or unu
hts in the eleetrolyte.

and mopnitoring shall be carried out according to appropriate procedures.

ents and findings of the monitoring and inspection activities shall be analysed to

btion of any foreseen corrective actions that do not have.ary impact on the cathodic protect

—n

on

'his commissioning report attests that the measuredyvalues are consistent with the protective criferia

Pnts

rals
bria
bual

review

the adeguacv ofthe corrosion management
1 P4 O 4

identify possible deficiencies and carry out improvements,
indicate the necessity for a more detailed assessment of the pipeline condition, and

determine the requirement for the measurement of a.c. interference.

The following factors shall be considered when determining the inspection frequencies and requirement

for special

corros
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investigations:

ive nature of the external electrolyte (soil or water);

susceptibility of pipeline to mechanical damage;
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d.c. or a.c. interference;

susceptibility of cathodic protection installations to damage by lightning, over-voltage, or

mechanical means;
risks associated with the consequence of a failure of the pipeline;

material, extent, and complexity of the pipeline;

constructional features critical to maintaining effective cathodic protection (e.g. casings on pipelines);

13.

Ing
wit
and
If 4
Inve
of c
the

13.

Minimum requirement$for routine measurements and equipment checks shall be in accordance v

All
Thd

guality of applied protective coating;

use of remote monitoring;

use of galvanic anodes or impressed current stations;

type of power supply (such as solar panel or thermo electric generator);
use of unidirectional drainages;

safety and environmental concerns;

age and history of the pipeline;

regulatory requirements.

2 Implementation of inspection

eneral, the effectiveness of cathodic protection issassessed by comparing actual measurer
h reference values or protection criteria. Measured values established at cathodic protecti
test points at the time of commissioning as wiell as in subsequent years shall be used as refer

stigations should be carried out and.appropriate corrective action taken to restore the ef
pthodic protection. The measured values established from this investigation shall then
new reference values.

3 Periodicities of inspection

measurements$.and checks shall be recorded.

effectiveness of the cathodic protection shall be demonstrated in two steps:

hent values
on stations
nce values.

here are indications that cathodicprotection is not fully effective throughout the pipeline,

fectiveness
be used as

Uith Table 9.

for general assessment of the effectiveness of cathodic protection, ON-potential measure
be used and carrled outinaccordance w1th Table 9. These measurements shall be carried

ent should
outatall or
glatisolating

]01nts test statlons where the least negatlve potentlals were measured durlng commlssmnlng, at
critical points or those shown to be representative of the cathodic protection system. Test stations
associated with foreign structures should be included, so that any changes can be detected;

b) fordetailed and comprehensive assessment of the effectiveness of cathodic protection, measurement

methods shall be appropriate for the pipeline and as follows:

— measurement methods may be OFF-potentials carried out in accordance with Table 9 and

preferably at all test stations;

— when OFF pipe-to-soil potential is impossible to be carried out, OFF-potential measurements
over a sufficient period of time on external test probes or coupons are required in accordance

with Table 9;
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detailed investigations to prove the effectiveness of cathodic protection should also be carried
out in the following circumstances:

if any damage to the protective coating or metallic contact is suspected after construction

work in the area of the coated pipeline;

in the event of any indications of pipeline movement (e.g. in areas of subsidence or changes

in operating conditions);

any other changes to the pipeline environment;

Other mea
better und

48

1 + ol 3 +1 £ £ P |
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in cases of a.c. interference;

when there are long-term changes to the electrical interference.

burements, such as line current measurement as described in Annex A, cancbénecessary for a
brstanding of the operating conditions of the cathodic protection system?
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Table 9 — Minimum routine measurements and checks periodicities

Item Action Periodicity

Impressed-current station Visual check of the transformer-rectifier unit and One to three months
reading the output voltage and current

Impressed-current station Comprehensive functional tests of the impressed cur- |One to three years
rent station (e.g. verification of transformer-rectifier
unit, control of the permanent electrode, resistance
determination of the groundbed, measurement of the
earthing system, control of instruments) and meas-

urementofthe r\nflr_\nf Ur\]f‘agn and-current

Unidirectional drainage sta- Visual check of the unidirectional drainage unitand |One month
tions reading of the integral cathodic protection instrumen-
tation
Unidirectional drainage sta- Comprehensive functional tests of the unidirectional _(One to thre¢ years
tionys drainage station (e.g. control of the permanent elec

trode, functionality of the diodes and their protection
devices, setting of resistors, control of instruments)
and measurement of the drain point potential.and

current
Corlnections to foreign struc- |Measurement of current flow One year
turg (resistive or direct bond)
Cornections to foreign struc- |Comprehensive functional tests‘ef the device and One to threg years

turg (resistive or direct bond) |measurement of the current flow (magnitude and
direction) and the potential

Grgunding systems connected |Comprehensive functiedaltests of the devices and One to thre¢ years
to the pipeline and related to  |determination of the groundbed resistance and the
the|cathodic protection system |current flow through'the mitigation system (if any)
or dorrosion mitigation system

Permanent reference electrode |Comparison with a reference electrode whose accu- | One to six yparsb
racy can betraced to a master electrode

Sel¢cted test stations Measurément of Egn potential One year

All test stations Measurement of Egpf potential 2 Three years

Galyanic anode station Visual check of the stations and measure the One year

pipe-to-electrolyte potential

Galyanic anode station Comprehensive functional tests of the galvanic station | Three year;
(e.g. resistor setting, efficiency of the bonding con-
nection and measurement of the pipe to electrolyte
potential).

a  |Where stfay ‘current can influence the Egrp potential measurements, alternative measurement technigues may be
conpidered if-demonstrated to be accurate and effective.

b IThé\performance and the repeatability of the permanent reference electrode depends upon the type [of reference
eledtrede and the frequency of measurements. The periodicity, therefore, can vary between one and six years.

More frequent measurements can be required e.g. in areas of stray current interference, critical
installations and foreign connections.

Less frequent measurements and/or the restriction of measurements to selected test stations may
be considered based on results of specialized surveys, e.g. showing the stability of the system with
reference to the interference from stray currents, lightning, fluctuating electrolyte conditions, coating
degradation, etc.

The risks of an unacceptable level of a.c. interference as defined in 6.4 may be determined by studies or
by direct measurements (see EN 15280 for information). After these studies or measurements have been
carried out, some test stations may be monitored to also measure a.c. voltages. These measurements
may be combined with those in Table 9.
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13.4 Remote monitoring

NOTE Remote monitoring can provide facilities such as prompt response to equipment failure and automatic
notification of alarm thresholds being exceeded.

If the cathodic protection system is monitored by remote monitoring, and the periodicity of readings is
sufficient such that deterioration of the cathodic protection effectiveness or equipment malfunctions can
be detected, then the periodicities laid out in Table 9 for field measurements do not apply. Periodicities
can be increased, depending on the overall coating quality of pipeline, the external environment of the
pipeline (e.g. interference with a.c. or d.c. sources) and the number and distribution of remote monitoring

installations.

As a mininllum, remote monitoring shall give the same level of information as obtained from cath

protection

Results p

Designand

13.5 Speg
The requir
pipeline hi
instrumen
coating da

These sury
frequency

Annex D pi

13.6 Mon

A monitorIw

The monit
descri]
locatig
monit

freque

operators in the field.

itoring system is functioning correctly.

implementation of remote monitoring shallbe inaccordance with nationalorlocal regulati

ialized surveys

ement for and periodicity of specialized surveys shall be based on inspection results
Story. These surveys should be carried out by personneldsing purpose-built equipment
fation under supervision of trained personnel. Such surveys are recommended when exces
mage is suspected and/or localized areas of inefficient cathodic protection are observed.

reys should be carried out at the early stage for new pipelines. For existing pipelines,
hould take into account information from othér inspection methods.

ovides information on possible specialized\surveys.

itoring plan

g plan for the cathodic protection system shall be implemented and maintained.
ring plan shall include at(east the following:

btion of the measurements to be taken;

ns where these measurements are to be conducted;

ring equipment required to conduct such surveys;

measurement techniques to be used;

ncywith which each type of measurement shall be performed.

This monit

NOTE
measureme

1;1;Vided by the remote monitoring system should be periodically checked to cenfirm that]
remote m

bdic

the

DI S.

and
And
Bive

the

oring plan can also include remote monitoring system installed on the pipelines.

nts.

13.7 Monitoring equipment

The weather conditions or the seasonal conditions can have an impact on the results of the

Potential measurements shall be carried out with a reference electrode and a voltmeter. The input
impedance of the voltmeter should be high enough to prevent effects on the measurement value by the
instrument. This input impedance should be at least 1 MQ to and should normally not exceed 10 MAQ.

NOTE 1

Theinputimpedance depends on different parameters such as the exchange surface area of the reference

electrode used, the quality of the contact between the reference electrode and the soil, and the soil resistivity.

50
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NOTE 2  The higher the impedance, the better the accuracy of the measurement.

Reference electrodes shall be designed in such a manner that their potential is not affected during
voltage measurement.

Voltmeters used for measurements should have an appropriate accuracy for the potential to be measured.
Typical accuracies are +1 % for digital meters and +2 % of the full scale deflection for analogue meters.

The accuracies of the current measurements carried out using a shunt and a voltmeter or using an
ammeter (excluding clamps) should be better than +2,5 % if the intensity of the current is lower than
10 A,and better than 5 % above 10 A. The shunt value, whetheritis internal or external to the measuring

ins
cird

The
volt

In d
ord

Thd
the

Multimeters and reference electrodes used for cathodic proteetion measurements on the fi

per

13.
Effe

Remedial actions shall be takenif periodictests andinspectionsindicate that protectionis nolonge

Pot
cor
tos

Isol
cell

TUITENt, Sioutd take 1o constaeration the iikety effectof the inctustomof the ShumtTes)s
uit being measured.

measurement requirements and accuracies shall also apply for remote monitoring, dg
meters, or ammeters.

ase of presence of a.c. interference, instruments should be combined witha suitable 4
b1 to measure only the d.c. component and to take into account the dela¥y.caused by the fi

sample time of the instruments used should be related to the kind®@fmeasurements carrj
type of electrical influence on the pipeline.

odically checked in accordance with ISO 10012.

8 Maintenance and repair

bntials that do not meet the criteria stated in Clause 6 shall be investigated and all ¢
‘ected as soon as practical. Origins ofsignificant positive shifts in pipeline potential, such a
tray-current interaction, shall be invéstigated and a solution shall be proposed as soon a

ating devices sited above-ground and open to the weather (e.g. insulated flanges and p

ins

watler by insulating materials shall be kept in good condition. Care shall be taken to ensure th
devijices are not unintentiohally electrically by-passed after installation.

WhEnever the effectiveness of an isolating device is tested on site, the integrity of any acc

5) should be inspected periodically and cleared of any accumulated debris that can
lation material. Any preteetive barrier coating applied to prevent the ingress of dirt or ab

ctiveness of the cathodic protection system shall be maintained throughout the lifetime of

ance in the

ta loggers,

.c. filter in
ter.

ied out and

bld shall be

a pipeline.
radequate.

eficiencies
s those due
5 possible.

polarization
bridge the
sorption of
tisolating

bmpanying

high-voltage protection device shall also be checked in accordance with the manufacturer’s igstructions

(e.gl surge protective device in parallel with an isolating joint).

14|Doeumentation

14.

1 Design documentation

14.1.1 General

The purpose of documentation is to maintain a complete record of the design process. This will include
details of any design assumptions or values used in the design. In this sense, documentation can be in
electronic format.

Wh

©IS

ere relevant, the design documentation should include the following:
the extent of the pipeline to be cathodically protected;

assumptions regarding foreign contacts (e.g. earthing systems);
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— details of the coating systems used;

— anticipated coating deterioration over the design life;

— estimated current density required to achieve cathodic protection;

— electrolyte investigation results (resistivity, bacterial activity, pH);

— schedule of foreign crossings;

— availability of power supplies for impressed current systems;

— assum
— schedu
— results
— descrij

— statem

ptions regarding the risk of a.c. or d.c. interferences;

le of adjacent cathodic protection systems and an assessment of the risk of interference;
of current drainage (injection) tests;

btion of the cathodic protection system, including a schematic diagram;

ent of the protection criteria;

— test, measurement and monitoring facilities to be incorporated;

— detailg
— specifi
— calculg
— calculd
— pipelin
— schedd
— designl
— install

— comm

14.1.2 Co

Full const
documentgq
local electy

These shoy

of any bonds;

cations for the proposed materials;

tions to show how the current requirements have heen derived;
tions to show the groundbed resistance and life-time expectancy;
e attenuation calculations;

le of materials;

drawings;

htion procedures;

ssioning procedures.

nstruction details and installation procedures

ruction detailsvand installation procedures of the cathodic protection system shall
d to ensuresthat the system will meet the performance requirements of the design and
ical safety/regulations.

ld ifclude the following:

— proce

ures for the mstattation of d-C- voltage SOUTcTes, groundbeds, cables, test factiities, ©

connections to the pipeline;

be
the

ble

— procedures for all tests required to demonstrate that the quality of the installation meets the
requirements;

— procedures and criteria to show that there is no adverse interference effect either to, or from, the
pipeline being protected;

— procedure to demonstrate that there are no adverse effects caused by a.c. interferences;

— construction drawings including, but not limited to, plot plans, locations of cathodic protection
stations and test facilities, cable routing, single-line schematics, wiring diagrams and groundbed
construction, and civil works;
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procedures to ensure safe systems of work during the installation and operation of the cathodic
protection system.

2 Commissioning documentation

After the successful commissioning of the cathodic protection system, the following shall be compiled
in a commissioning report:

14.

14.

An

as-built layout drawings of the pipeline including neighbouring structures or systems that are
relevant to the effective cathodic protection of the pipeline;

as-built drawings, reports, and other details pertaining to the cathodic protection of the pipeline;
records of the interference tests (if any) carried out with neighbouring structures;
record of a.c. interference tests and any remedial works;

the voltage and current at which each cathodic protection system was initially set and the voltage
and current levels for use during future interference tests; the location and type of inferference-
current sources (if any);

records of the pipe-to-electrolyte potentials at all selected test stations before and after the
application of cathodic protection;

records of any coupons or probes that have been installed;

records of any bond currents;

records of functional performance of any drainage stations that have been installed;
test results for any monobloc isolation jointsior flange-insulation Kits;

test results for any cased crossings;

records of any other tests carried.out.
3 Operating and maintenance documentation

8.1 General

operating and maintenance manual shall be prepared to ensure that suitable opefating and

maintenance proeedures are available for operators. This document shall consist of the following:

descriptiowof the system and system components;

commissioning report;

as-built drawings;

manufacturer’s documentation;

schedule of all monitoring facilities;

potential criteria for the system;

monitoring plan;

monitoring schedules and requirements for monitoring equipment;

inspection and monitoring procedures for each of the types of monitoring facilities installed on
the pipeline;

guidelines for the safe operation of the cathodic protection system.
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14.3.2 Inspection and monitoring data

The results of all inspection and monitoring checks shall be recorded, archived, and evaluated by a
competent specialist. The inspection and monitoring checks shall include as a minimum all of the
results of measurements in 13.2 as well as any other measurements undertaken during monitoring and
specialized surveys.

NOTE The results are used to establish a baseline for future verifications of cathodic protection effectiveness
and interference.

14.3.3 Ma

lintenance records

For maint
ancillary d

— Trepair
— repair
— maintg
— improy

— repair
equipn

enance of the external corrosion protection system (cathodic protection, coatings;
pvices), the following information shall be recorded:

of rectifiers and other d.c. power sources;
or replacement of anodes, connections, and cables;
nance, repair and replacement of coating, isolating devices, testleads; and other test facilif

rement of the cathodic protection system;

hent.

or replacement of drainage stations, casing, a.c. mitigation~devices, and remote monitof

and

ies;

—-

ng
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Annex A
(normative)

Cathodic protection measurements

A.1 General
J—=eRnelrat

Megsurements of the following electrical parameters shall be carried out during commisdioning and
opefration:

— |rectifier output voltage and current;

— |ON- and, if practical, OFF- pipe-to-electrolyte (e.g. soil) potentials;

— |ON- and OFF-potential and current flow at coupons, if any;

— |effectiveness of any electrical isolation (e.g. isolation joint, casing, spark gaps, etc.);
— |ON-potentials on bonded foreign pipelines and the magnittde of the current flow to or ffom them;
— |effect of any d.c. interference with a foreign pipeline;

— |effect of any a.c. or d.c. interference current from &foreign source;
— |corrosion rate on ER probes if any.

NOTE A typical scheme for detecting faults inan impressed-current CP system is given in Annex C.

A.2 Potential measurements

A.2l1 General

The effectiveness of the CP inay be assessed by potential measurement, i.e. OFF-potential megsurements
whilch approach the poténtial at the pipe-to-electrolyte interface with respect to a referencelelectrode.

The chosen technigéesshould be selected on the basis of local conditions in the field, e.g. the cpating type
and quality, the electrolyte resistivity and the presence of interference currents, equalizing currents,
tellfiric currents,-etc.

NOTE1 _Where current is flowing through the electrolyte and on to the pipeline, there is an ohmic or IR drop
in the electrolyte and through the coating. Thus, the potential measurement with the reference eledtrode at the

groyind-surface includes a contribution from the IR drop. There are complementary techniques that|can be used

t £ £ ofsl ££, 3 £l o CD
0 glve-amere-acetrateassessmentoftheeffectvenessofthe R

NOTE 2  Where the only currents flowing in the electrolyte are from the pipeline’s own CP system, the
potentials measured at the surface of the ground are generally more negative than the potential at the pipe-to-
electrolyte interface.

A.2.2 ON-potential measurement
ON-potential measurements shall be taken with the cathodic protection system continuously operating.

In the case of cathodic protection currents from the pipeline’s own protective systems, the potential
measured at the ground surface is more negative than the potential measured with a reference electrode
positioned in the immediate vicinity of the bare metal of the pipeline (e.g. at a coating defect of a coated
pipeline). In low-resistivity electrolytes, the IR drop caused by these currents can reach several tens of
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millivolts, while in high-resistivity electrolytes, it can reach a few volts. To minimize IR drop, a reference
electrode should be placed as close to the pipe as possible.

NOTE

measurement. The readings might not reflect the potential at the pipe-to-electrolyte interface.

A.2.3 OFF-potential measurement

The values obtained contain various unknown IR drops that change with time and position of the

By correctuse of the OFF-potential technique, measurementerrors caused by IR drop in the measurement

circuit is si

gnificantly reduced.

For buried pipelines, the potential measured with respect to a reterence electrode shall be measy

after all t
polarized

For an effq
area under

shall be d
sample ra
pipeline (c
performing

If rapid dear

The OFF-p
sample pef
should be 3
matched td

A.2.4 Mg

Current m

e currents in the cathodic protection circuit have stopped but before the pipeline has
see § A.2.5 in case of use of coupon or probe).

ctive OFF-potential measurement, all sources of cathodic protection current.affecting
test shall be interrupted simultaneously.

olarization occurs or if there is a risk of cathodic over-protection, the instant-OFF potent
termined using a high-speed measuring system such as a data logger or oscilloscope.
e should be determined by taking into account the possibility «0fpotential spikes on

4 this measurement on coupons.

iod and filtering that is consistent with the ON/OFE switching ratio. The measuring sys
ynchronized with the switching system so that the switching actions can be identified
the potential. An oscilloscope may also be used;

asurements of d.c. true current in low=voltage circuits

basurements may be made either by medns of direct measurement of a shunt potential

ammeter o

by means of a clamp/clip ammeter-to-determine the current flow.

The selectipn of the shuntvalue, whether it isinternal or external to the measuring instrument, should

into consi
The accur
Clamp/clip

When low
shown in }

ration the likely effect of thetinclusion of the shunt resistance in the circuit being measur
cy of the measurement should be better than 2,5 %.
ammeters should beedrefully selected and operated to provide acceptable levels of accur

current measurements are required in low-voltage circuits, then the principles and circ
Figure A.1 may“be used if stray currents are not present. Alternatively, a zero resistd

ammeter npay be useds

red
de-

the

ials
The
the

hused by stored energy/equalising currents) that do not exist-fo the same extent as when

ptential shall be measured with a high input impedance tastrument (typically 10 MQ) with a

tem
and

an

ake
bd.

acy.
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nce
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Key
A, Bl terminals

1 bond

ground level

test station
electrolyte (soil, etc.)
pipeline

S U1 A W N

secondary structure (galvanic anode)
Figure A.1 — Method for determiningtfue current flow in very low-voltage circpits

Theprocedure for determining d.c. true current measurements in low voltage circuits shall bg as follows.
a) |Remove bond between terminals/A and B.

b) |Measure voltage, Uy, acrosssAB with high-impedance millivoltmeter.
c) |Connect ammeter across’AB and measure current, I.

d) |Measure voltage, Us; across AB with ammeter still connected.

e) |Calculate true‘eurrent, ltrye, from Formula (A.1):

=JIx Uy

[
true U,—U,

(A1)

A.2.5-Test prnhp or coupon measurements

Probes or coupons should be manufactured from a material similar to the pipeline under test and have
a similar coating, except for a defined area that is left bare. Probes or coupons connected to the pipeline
shall have an accessible test link which can be temporarily disconnected.

For d.c. problems, the surface area of the coupon or probe should be representative of the average size of
expected pipeline coating defects. For a.c. problems, the surface area of the coupon or probe should be 1 cmZ.

OFF-potential measurements should be taken immediately after the test probe or coupon is disconnected
from the pipe and without interrupting the sources of protective current.

NOTE1 It can be assumed that the coupon or probe metal adopts a potential with respect to the adjacent

electrolyte that is similar to the pipe-to-electrolyte, potential at a coating defect with the same size on the pipe
situated near the coupon.
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NOTE2  When a coupon is used, despite there being no current flowing to it directly when it is disconnected
from the pipe, current is still flowing in the surrounding electrolyte. Consequently, there can still be a significant
contribution to the measured coupon potential from the IR drop in the electrolyte. Coupon OFF-potentials are
more accurate if measured against a permanent reference electrode buried close to the coupon or permanently
built in as a facility. The residual IR drop can also be minimized by placing the portable reference electrode in an
electrolyte tube that has one end positioned near the coupon and is extended to the surface.

A.3 100 mV cathodic potential shift

A.3.1 Measurement method during polarization

Using the polarization measurement method, the 100 mV cathodic potential shift shall be measyred
with respefct to the free corrosion potential (Ecor) according to the Figure A.2. This method applies|to a
pipeline orfa coupon that has not been previously polarized.

A
(E)+

Key
A polarjzation formation curve
B amoupnt of polarization formation

E1 free cprrosion potentialyEger (marked 1 on the curve)

E> Eorr 4fter tp (marked®5 on the curve)

t1 time gt which cathodic protection is applied to the pipeline or coupon connection
t2 time gt which sathodic protection is switched off or the coupon is disconnected
t3 time 4t which-cathodic protection is switched on or the coupon is connected

time, |

potential, £
IR drop when cathodic protection is applied to the pipeline or coupon connection

'
Ul W

IR drop when cathodic protection is switched off or the coupon is disconnected

Eon at instant tp
Figure A.2 — Polarization formation method

The amount of polarization formation is the difference between the E.,- potential and the Eqpp
potential measurement.
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A.3.2 Measurement method during depolarisation

Using the depolarization measurement method, the 100 mV cathodic potential shift shall be measured
with respect to the OFF-potential, Egrf, according to Figure A.3. This method applies on a pipeline or a
coupon that is already under protection.

A
(E)+

E 5¢
Key
A cathodic protection is applied
B depolarization (or polariZation decay) curve
C amount of depolarization (amount of polarization decay)

E1q free corrosion potential, E¢or

E; | pipe-to-electrolyte potential at t3 (marked 4 on the curve)

E3 | Eorr

Ey instant-Eorp

Es Eon (marked 1 on the curve)

t1 time at which cathodic praotection is switched off or the coupon is disconnected
t time at which the Epfr measurement is carried out

t3 time at which the'potential is measured and which will be used to calculate the amount of depolgrization
X time, t

Y potential, &,

2 -3 IR dropwhen cathodic protection is switched off or the coupon is disconnected

Figure A.3 — Polarization decay method

The amount of depolarization is the difference between the Egrp potential and the E(t) potential.

A.4 Measurement of corrosion rate

The effectiveness of the cathodic protection may be assessed by corrosion rate measurements on probes
(e.g. ER probes).
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A.5 Control of electrical isolation

A.5.1 General

Failures of

defecti

isolating joints to perform satisfactorily can be due to any of the following:

ve isolating joint itself or defective isolating flange kit components;

other piping, or the local earthing;

degrad

Several mg
joint or isg
methods c

A.5.2 Pipe-to-electrolyte potential measurements

Pipeline-tg
significant
isolating d
joint can st
as inconcly

A.5.3 El@ctrical resistance measurements

Direct mea

NOTE1 1]
the soil, in g

NOTE2 1
can be diffi
conductive
of the isolat
measureme,

Where an
checked w
aboltcan |

asurement methods that may be used to determine the effectiveness of an installed.isola
lating flange kit are provided in A.5.2 through A.5.6. A combination of two o mete of]
in provide more certainty.

-electrolyte potentials shall be measured on both sides of an iselating joint. If there
difference in potential, the isolating joint/isolating flange is effeéctive. A partially defec
bvice cannot be readily identified as being defective, since the potential on both sides of
ill be different. As a general guide, a potential difference of less than 100 mV may be regar
sive.

surements of electrical resistance shall be carried out with an a.c. resistance meter.

'he d.c. resistance meters give false indicationsdue to polarization effects between the pipeline
arallel with the isolating joint.

'he interpretation of the results of didect resistance measurements at installed isolating jd
Cult. This is because the resistance.of\the pipe (or structure) to earth and, if the pipeline carri

olution, the internal resistance of the/conductive fluid (electrolyte), are both parallel to the resist
ing joint. The actual resistance measured can, therefore, be a combination of these three and

isolating flange kit has-been installed, the satisfactory insulation of each bolt should

e efficient on one flange and deficient on the other.

| ressed-current tests

ht of a low-resistance value js\not always a reliable indication that the isolating device is defectivg.

external conductive connection between both sides of the isolating joint, e.g. via pipe supports,

ation or [ack of internal coating where the pipeline is carrying an electrically conductive fluid.

[ing
the

is a
tive
the
ded

and

ints
es a
ince
the

h

be

th each flange using:an ohm-meter or other similar device because the electrical isolation of

fing

itial

on the other side of the isolating device does not change or changes in value in the opposite direction
(due to an interference effect), then the isolating device may be considered to be effective. Potential
measurements by adding an automatic interrupter on the impressed current may help to confirm it;

Method 2, in which the current through a temporary bond across the isolating device is measured

while CP is applied to one side only. If there is no current flow through the bond, then the isolating
device may be considered defective or being by-passed. A partially defective isolating device might
not be readily identifiable by this method, since the current in the bond might not be zero if the

leakag

60

e resistance and the bond resistance have similar magnitudes.
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A.5.5 Audio-frequency generator measurements

Audio-frequency generator measurements shall be carried out by introducing a suitable audio frequency
from a frequency generator on one side of the isolating joint (e.g. by a conventional pipe locator) and
attempting to trace the signal on the opposite side of the isolating device.
A.5.6 Test of isolating joint with the use of battery and ammeter clamp

R

<+1 A(-) i'i

C

Key

A clamp

B isolating joint

C battery

R low adjustable resistor

Figure A.4 — Test of isolating joint with battery and clamp

Initfally, the reference current delivered'by a battery shall be measured as reference for thg test being
performed (see Figure A.4). This measurement may be made with a low value adjustable resigtor (e.g. 12
Q fdra 12 V battery) by reducing the resistance to get the short-circuit current with the battery which is
thejreference current. A d.c. voltage shall be applied with the battery between both sides of the isolating
joinft. The current delivered by the battery shall be measured.

A djc. ammeter clamp shall be installed on the pipe on one side of the isolating joint in order fo measure
the|d.c. current flowing’on the pipe between the isolating joint and the connection of the batfery.

If tme current measured by the clamp is equivalent or close to the current applied, the isojating joint
is ipeffective. if.the current measured by the clamp is zero or very small in relation to th¢ reference
curfent of the battery, the electrical insulation of the isolating joint is effective.

A.q (Petermination of line current

Measurements carried out at line current monitoring test stations are an effective way of monitoring
and assessing the cathodic protection of a pipeline, e.g. for localizing faults in cathodic protected systems
and for assessing coating quality.

Line-current monitoring testers should be installed at regular distances (approx. every 10 km) on the
pipeline and should also be installed at selected locations such as the following:

— cathodic protection stations to evaluate current distribution;
— large river crossings;
— branch lines.

The method shall be as described in Figure A.5.
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If current Iy is adjusted to give no deflection on the micro voltmeter, then I = I.

A and D are current carrying cables used for calibration purposes. B and C are potential measuring
cables. The distance between B and C shall be selected to provide meaningful data of current flow in the
selected section. The distance shall be sufficient such that the magnitude of the voltage drop is within
the range of the instrumentation. Typical distances are between 30 m and 100 m. The cable to pipe
connections B and C should be connected at least 10 cm from the current injection points A and D.

Current (Ip) shall be applied to the pipeline section between points A and D using a power source
(battery), and the voltage (U) shall be measured between points B and C. In order to avoid interference
caused by other currents flowing through the pipeline as well as contact voltages, the power source
shall be switched on and off and the voltage (AU) and the current (Alp) shall be used for calculation
purposes. The longitudinal resistance between B and C shall then be determined using Formula"(A-R):

\U
Rpc =+— A2
BC =41, (p.2)
: I/ f
b
s
To
O
| A B € D| |
y { )

Key
A curreht carrying cable
B pote:[ial measuring cable
C potential measuring cable
D curreht carrying cable
I pipeline current
Iy curreht applied to the pipeline.section between points A and D

Figure A.§ — Measuring-cipcuit for determining the line current and the longitudinal resistance
of a pipeline

62 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=effb7727b3f886f7d5eb7197a27f6d41

B.1

ISO 15589-1:2015(E)

Annex B
(normative)

Electrical interference

General
=enera:

Ele

Soulrces of d.c. interference are the following:

Soulrces of a.c. interference are the following:

Examples of stray currents include d.c. or a.c.$rom traction systems or d.c. from extern

pro
for
EN

NOTI

NOT

B.2

B.2

In greas whére 'd.c. interference is suspected, one or more of the following shall be performe

trical interference can be from d.c. or a.c.

constant current (e.g. adjacent cathodic protection systems);

fluctuating current (e.g. d.c. traction systems, coal mine haulage systems and pumyj
machines, and direct current power systems);

d.c. telluric currents (naturally occurring geomagnetic currents).

short-term interference, caused by faults in a.c. powersystems and electrified railways;

long-term interference, caused by inductive or conductive coupling between the pipelin
voltage lines or electrified railways.

Lection systems. Induced currents are net considered as stray currents. The corrosion mnj
a.c. and d.c. are different and are dealt with in detail in EN 50122-1, EN 50122-2, E
0162, and EN 15280.

E1 a.c.interference manifests itSelf by the presence of a.c. voltages on the pipeline, usually by

E2 d.c.interference manifests itself by changes in the pipe-to-electrolyte potentials.

d.c. interference

.1 Measurements

meastre pipe-to-electrolyte potentials over an extended period of time to capture t

s, welding

e and high-

hl cathodic
echanisms
N 50122-3,

r induction.

d:

e pattern,

maghnitude, and nature of the interference;

measure current magnitude and direction on coupons connected to the pipeline;

measure current magnitude and direction flowing in the pipeline with recording or
instruments (see Annex A);

indicating

measure amplitudes of variations in current output of the suspected source of interference current,

or measure the potential of the interfering structure (e.g. railway road), and correlate
measurements obtained in a), b), or ¢) above;

calculate the actual corrosion rate using an ER probe.

them with

The measurements should be carried out for a period suitable for the interference phenomenon being
investigated to assess the time dependence of the interference level. A typical period is 24 h.
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In the case of interference caused by cathodic protection systems on a non-protected structure, the
interference measurements shall be conducted as follows.

For cathod

Measure both the foreign pipeline and the interfering pipeline pipe-to-electrolyte potential while
the relevant sources of cathodic protection current that can cause interference are, preferably
simultaneously, energized then interrupted. Measurement should not contain errors caused by
equalizing currents or foreign galvanic couples.

NOTE

EN 13509[2] provides details of measurement errors.

Measure anodic shifts including IR drops (caused by d.c. stray currents) for pipelines that are not

catho

— foi

ically protected according to the electrolyte resistivity. Maximum acceptabie anodic Sifrs
steel and cast iron:

300 mV with a electrolyte resistivity greater than or equal to 200 Q.m;

20 mV with a electrolyte resistivity below 15 Q.m.

— 200 mV for steel buried in concrete.

ically protected pipelines, anodic shifts are acceptable provided that the cathodic protec

criteria rampge is maintained.

If an isolat
risks (see 7

B.2.2 Mi

Inthecase
in resolvin

prever|
improy

augme

install
affectd

ing joint is installed in an area of electrical interference, there can be additional corro
.3).

tigation of d.c. interference corrosion problems

b interference problems on pipelines or‘other buried structures include the following:

red isolation or shielding;

ntation or re-distribution.efithe cathodic protection current sources;

d pipelines or other.structures; the metallic bond electrically conducts interference cur

from ajn affected pipeline\to the interfering pipeline and/or current source;

applicg
adjust

install
install

ition of unidirectional control devices, such as diodes or reverse current switches;
ment of the current output from mutually interfering cathodic protection rectifiers;

ngproperly located isolating joints in the affected pipeline; isolating joints should no
edWhere there is arisk of accelerating corrosion at the joint (i.e. avoid areas where electro

are:

1,5 times the resistivity value with a electrolyte resistivity between 15 Q:m and 200 Q}m;

Fion

bion

pfinterference from cathodicprotection systems,some common methodsthatmaybe considgred

tion of pick-up or limitation of flow of interfering current through a buried pipeling by

htion of metallic bonds (with or without a resistor in the metallic bond circuit) between|the

fent

[ be
lyte

potent

ial gradients are high);

use of galvanic anodes on the anodic section.

In the case of interference from d.c. traction systems (e.g. railways or trams), stray currents should be
reduced as much as possible at the source. d.c. interference can be mitigated for example by:

64

minim

izing the distance between traction sub-stations;

ensuring low resistance return circuits (typically less than 0,03 Q/km);

ensuring high resistance between return rail and earth by the use of floating earth systems;

using stray current collection mats;
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