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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen
ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not reéceived ndgtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at
pbrg /patents. ISO shall not be held responsible for identifying any or allysuch patent righty.

Any trad{
constitutd

For an ex
related tp conformity assessment, as well as information about ISO's adherence to the Wo
Organizat

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyment was prepared by Technical Committee ISO/TC 67, Oil and gas industries including lower carbon

energy, Su
for Stand
Agreement on technical cooperation between ISO-and CEN (Vienna Agreement).

This thirg
revised.

The main

in Clquse 6, recommendation§s for isolating joints have been expanded;

in Clg
coati
value)

bcommittee SC 2, Pipeline transportation systems, in collaboration with the European Committee
hrdization (CEN) Technical Committee CEN#TC 219, Cathodic protection, in accordancg with the

| edition cancels and replaces the.second edition (ISO 15589-2:2012), which has been t¢chnically

changes are as follows:

use 7, NOTEs to Table’1l and text in 7.4 have been updated to avoid discrepancies with|Figure 2;
g breakdown facCtors have been revised for errors left in the previous edition and less corjservative
s for some coating systems have been selected based on feedback from the industry;

inClapse 8, NOFEsand guidance onthe designofthe systemhavebeenupdatedincludingrecommpndations

for by

ried pipelines; anode utilization factors have been expanded to cover additional anodes kypes;

and

in Clgﬁgse 9, Table 6 has been updated to reflect anode compositionsinline with current industry practices

her cf:\hr‘qrdc;

in Clause 10, additional references have been provided for guidance on core dimensions and position as
well as testing for quality control of anode electrochemical properties;

in An

nex A, additional anode resistance formulae have been provided to cover different anode types.

Annex B has been modified to present the NORSOK method as a requirement, with an alternative method

given

for information.

Annex C has been updated as informative and the test method replaced with references to current test
methods in line with current industry practice.
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— The previous Annex E has been removed and replaced by additional guidance on quality control testing
of anodes in 10.10.

— In the updated Annex E (Interference), additional references for alternating current interference have
been added.

Alist of all parts in the ISO 15589 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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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 on all the surface 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.

This document can also be used for offshore pipelines outside the petroleum, petrochemical and natural gas
industries.

© IS0 2024 - All rights reserved

vii


https://standardsiso.com/api/?name=e4eb4b9004e0f8f9d0d048b904445c1d



https://standardsiso.com/api/?name=e4eb4b9004e0f8f9d0d048b904445c1d

International Standard ISO 15589-2:2024(en)

Oil and gas industries including lower carbon energy —
Cathodic protection of pipeline transportation systems —

Part 2:
Offshore pipelines

1 Scope

This docyment specifies requirements and gives recommendations for the pre-installation surveys, design,
materialsf equipment, fabrication, installation, commissioning, operation, inspectiohyand maintenance of
cathodic protection (CP) systems for offshore pipelines for the petroleum, petrochemical and natural gas
industrie$ as defined in ISO 13623. Flexible pipelines, in-field flowlines, spools and-risers are included in this
document. Subsea production and injection equipment and structures are not\included in this doctiment.

This docyment is applicable to carbon steel, stainless steel and flexible metallic pipelines in offshoge service.
This docyment is applicable to retrofits, modifications and repairs ntade to existing pipeline systems.

This docyment is applicable to all types of seawater and seabed.environments encountered in spbmerged
conditionf and on risers up to mean water level.

2 Normative references

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

ISO 630, §tructural steels
ISO 1461, [Hot dip galvanized coatings'on fabricated iron and steel articles — Specifications and test methods
ISO 8044/ Corrosion of metals qnd alloys — Vocabulary

ISO 85011, Preparation @f steel substrates before application of paints and related products |— Visual
assessment of surface cleanliness — Part 1: Rust grades and preparation grades of uncoated steel substrates and
of steel supstrates afterioverall removal of previous coatings

ISO 960611, Qualification testing of welders — Fusion welding — Part 1: Steels

ISO 15589-1; Petroleum, petrochemical and natural gas industries — Cathodic protection of pipeline §ystems —
Part 1: Onkland pipelines

ISO 15607, Specification and qualification of welding procedures for metallic materials — General rules
AWS D1.1/D1.1M, Structural Welding Code — Steel

EN 10025 (all parts), Hot rolled products of structural steels

EN 10204:2004, Metallic products — Types of inspection documents

ASTM D1141, Standard Practice for Preparation of Substitute Ocean Water

DNV-RP-B401, Cathodic Protection Design

© IS0 2024 - All rights reserved
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NACE TMO0190, Standard Test Method — Impressed Current Test Method for Laboratory Testing of Aluminium

Anodes

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 8044 and the following apply.

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

— ISOO0

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

— IEC Electropedia: available at https://www.electropedia.org/

3.1

anode sl¢d

anodes inktalled on a structure and connected to the pipeline by a cable

3.2

closed-cifcuit potential

anode potential while electrically linked to the pipeline to be protected

3.3

coating breakdown factor

fe

time-dep¢ndent factor to address increasing current requirements«ue to coating breakdown basg
ratio of cyrrent density required to polarize a coated steel surfacé.ds’compared to a bare steel sur
3.4

cold shut

horizontdl surface discontinuity caused by solidification“ef the meniscus of the partially cast an

result of i

3.5

driving v
differencg
protectio

3.6
electric f]
change in

hterrupted flow of the casting stream

oltage
between the pipeline/electrolyte;potential and the anode/electrolyte potential when th
1 is operating

jeld gradient
electrical potential per‘unit distance through a conductive medium, arising from th

electric clirrent

3.7
electroch
£

total amd
consumed

jemical capacity

| electrochemically

Note 1 to

ed on the

face

odes as a

b cathodic

e flow of

unt of_electric charge that is produced when a fixed mass (usually 1 kg) of anode njaterial is

ntey: Electrochemical capacity is expressed in ampere hours

3.8

final current density
current density required to repolarise pipeline at the end of the CP design life

Note 1 to entry: Final current density is expressed in amperes per square metre.

39

hydrogen-induced stress cracking

HISC

cracking due to a combination of load and hydrogen embrittlement caused by the ingress of hydrogen formed
at the steel surface due to the cathodic polarization

© IS0 2024 - All rights reserved
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3.10

IR drop

voltage due to any current, measured between two points of the metal of the pipe or two points of the
electrolyte, such as seawater or seabed, in accordance with Ohm’s law

Note 1 to entry: IR drop and electric field gradient (3.6) are related terms.

3.11

master reference electrode

reference electrode, calibrated with the primary calibration reference electrode (3.15), used for verification
of reference electrodes that are used for field or laboratory measurements

3.12
mean cugrent density
estimated average cathodic current density for the entire lifetime of the pipeline

Note 1 to gntry: Mean current density is expressed in amperes per square metre.

3.13
protectign potential
structurefto-electrolyte potential for which the metal corrosion rate is considered as insignificant

3.14
pitting ré¢sistance equivalent number
PREN
number, developed to reflect and predict the pitting resistance of a-stdinless steel, based on the prpportions
of Cr, Mo, [W and N in the chemical composition of the alloy

3.15
primary fcalibration reference electrode
referencelelectrode used for calibration of master reference electrodes (3.11)

3.16
remotelyl-operated vehicle
ROV
underwater vehicle operated remotely fromasurface vessel or installation

[SOURCE:ISO 14723:2009, 4.32]

3.17

riser
part of ar] offshore pipeline, ihcliding any subsea spool pieces, that extends from the seabed to thl pipeline
terminatipn point on an offshore installation

[SOURCE:|ISO 13623;20%7, 3.1.20, modified — "including any subsea spool pieces" has been added

3.18
utilizatign facter
U
fraction ofthe anodicmaterial weight of a galva
provide the minimum required current output

alaTa N aLre 2 ALE1O N 0 02

al ceases to

3.19
pipeline lifetime
period that includes pipeline service life, and any prior or subsequent period planned by the operator

© IS0 2024 - All rights reserved
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4 Symbols and abbreviated terms

4.1 Symbols

AE, electrolytic potential drop

AE . metallic potential drop

u utilization factor

A anode exposed surface area

A. total surtace area

A, cross-sectional area of the pipe wall

C anode cross-sectional perimeter

D pipeline outer diameter

d pipeline wall thickness

AE driving voltage

D; pipeline internal diameter

E, pipe-to-electrolyte potential shift at anode
E, design closed-circuit potential of the anode
E. design protection potential

E, pipe-to-electrolyte potential shift at a.distance x
fe coating breakdown factor

fer final coating breakdown factor

I, current flowing onto the)pipe at anode

L individual current output at the end-of-life
1. current demand

I currentdensity

I¢ current demand at the end of life

I mean current demand

I¢ end-of-life individual anode current output
I, current flowing onto the pipe at a distance x
L anode length

Ly distance between anodes

L, half the distance between drain points

m net anode mass

© IS0 2024 - All rights reserved
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individual net anode mass

number of anodes

anode radius

pipe-to-electrolyte insulation resistance
anode resistance /total circuit resistance

anode resistance at end of life

PMe
4.2 Abl

AC
CAT
CE

Cp
CRA
CSE
DC
EPDM

FBE

HSS

linear electrical resistance of the section of the pipeline
transverse resistance

arithmetic mean of anode length and width

design life, expressed in years.

attenuation constant for the pipeline

electrochemical capacity

environmental resistivity

pipe material resistivity

breviated terms

alternate current

cold-applied tape

carbon equivalent

cathodic protection
corrosion-resistant alloy

saturated copper electrode (Cu/CuSO,)
direct current

ethylene-propylene diene monomer
fusion-bonded epoxy

heat-shrinkable sleeve

ICCP
MIC
PE

pp
PREN
PU

impressed current cathodic protection
microbially induced corrosion
polyethylene

polypropylene

pitting resistance equivalent number

polyurethane

© IS0 2024 - All rights reserved
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ROV remotely-operated vehicle

SCE saturated calomel electrode (KCI)
SMYS specified minimum yield strength
SRB sulphate reducing bacteria

TSA thermally sprayed aluminium
3LPE three-layer polyethylene

3LPP three-layer polypropylene

5 General

5.1 Competence assurance

Personne| who undertake the design, supervision of installation, construction, installation su
commissipning, supervision of operation, measurements, monitoring and s@pervision of maint
cathodic protection systems shall have the appropriate level of competence for the tasks undertak

Competenice of cathodic protection personnel to the level appropriate’ for tasks undertaken
demonstrfated by certification in accordance with prequalification procedures such as [SO 15257,
other equfivalent scheme.

5.2 Conformity

A quality pystem and an environmental management system should be applied to assist conformit
requiremgnts of this document.

NOTE ISO 29001 gives sector-specific guidance efi.quality management systems and ISO 14001 gives g
the selectipn and use of an environmental management system.

6 Cathodic protection systemrequirements

6.1 General

The CP syjstem shall be designed to prevent external corrosion over the pipeline lifetime and to:

— provide sufficient current to the pipeline to be protected and distribute this current so that th
critetfia for CP axe'effectively attained on the entire surface;

— provide a design life of the CP system commensurate with the required life of the protected p
to provide for periodic rehabilitation of the anode system;

bervision,
Fnance of
en.

should be
or by any

7 with the

hidance on

b selected

peline, or

— provide
— ensure that anodes are installed where the possibility of disturbance or damage is minimal;

— provide adequate monitoring facilities to test and evaluate the system's performance.

The CP system shall be designed with due regard to environmental conditions and neighbouring structures.

Electrical isolation of offshore pipelines protected by galvanic anodes from other pipelines, structures,
subsea facility or floaters that are protected by impressed-current systems shall be evaluated for adverse
interaction between the two systems. An assessment shall be performed to identify the cathodic protection
system of these facilities and review the electrical connectivity with the proposed pipeline to ensure no
detrimental effects on each side related to inadequate or excessive polarization. Offshore pipelines shall be

© IS0 2024 - All rights reserved
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isolated from other unprotected or less protected structures, which can drain current from the pipeline's CP
system. If stray current problems are anticipated due to interaction between offshore pipelines and other
structures, providing electrical continuity of the pipelines to the other structures can be considered.

CP systems of adjacent pipelines or structures shall be verified to be compatible such that current drain
from one system into an adjacent system does not adversely affect the performance of either CP system.

The pipeline CP design shall take into account the pipeline installation method, the types of pipeline and

riser, and the burial and stabilization methods proposed. Guidance is given in Annex F.

The CP system based on galvanic anodes shall be designed for the lifetime of the pipeline system
calculation procedure given in Annex A.

using the

The desigh of the CP system shall document what allowances have been made for the effects of watg
and erosipn effects (e.g. from entrained sand silt or ice particles).

Installatipn of permanent test facilities should be considered, taking into account specifi¢'paramg
as pipeling length, water depth and underwater access related to the burial conditions;

ISO 1558P-1 should be used for the cathodic protection of short lengths of offshiore pipelines
branches[that are directly connected to cathodically protected onshore pipelines.

6.2 Selpection of CP systems

6.2.1 General

CP shall be achieved using either galvanic anodes or an impressed-current system. Galvanic anodg
connected to the pipe, either individually or in groups

Galvanic pnodes are limited in current output by the anede-to-pipe driving voltage and the e
resistivity. Generally, anodes are attached directly to;the pipe as bracelets. Sleds or mattresses
can also e placed at regular intervals along the pipelitte. For these cases, an attenuation check in a
with Anngx B shall be conducted to ensure the fulljength of pipeline is protected.

Some pip¢lines can be protected by anodes lgcated at each end. Typically, this type of installation
inter-platform pipelines. Anodes for the pipeline can be attached to the platform if the pipeline is e
connected to the platform. For this case, an attenuation check in accordance with Annex B shall be ¢
to ensure|the full length of pipeline i§iprotected.

Items thaf shall be considered in selecting the system to be used are covered in 6.2.2.

6.2.2 System selectionconsiderations
Selection fof the CP system shall be based on the following considerations:
— magrlitude ofthe protective current required;

— resisfivity of the seawater;

r velocity

pters such

and their

s shall be

lectrolyte
of anodes
rcordance

s used on
ectrically
onducted

— availability and Tocation of suitable power sources for impressed-current systems;

— existence of any stray currents causing significant potential fluctuations between pipeline and earth

that can preclude the use of galvanic anodes;

— effects of any CP interference currents on adjacent structures that can limit the use of impresse
CP systems;

d-current

— limitations on the space available, due to the proximity of foreign structures, and related construction

and maintenance concerns;

— future development of the area and any anticipated future extensions to the pipeline system;

© IS0 2024 - All rights reserved
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— cost of installation, operation and maintenance;
— reliability of the overall system;

— integrity of other pipelines and/or structures existing in the same area that can be affected by impressed-
current systems unless proper measures are taken to prevent these effects.

NOTE Impressed-current systems can be preferred on short pipelines which terminate at platforms that have
impressed-current systems installed or where an impressed-current system is operated from the shore. Impressed-
current systems can also be preferred as a retrofit system on pipelines with galvanic anode failures, excessive anode
consumption, operation beyond original design life or excessive coating deterioration. Impressed current can also be
the preferred method for high-resistivity water.

6.3 Iso]ating joints

[solating Joints should be considered at the following locations:

— atconnections to onshore pipelines or onshore receiving facilities;
— at connections to pipelines that require different protection criteria;
— betwegen cathodically protected pipelines and non-protected facilities or l€ss protected facilities;
— betwegen pipeline systems (or structures) protected by impressed current and galvanic anodes;

— at copnections between pipelines and appurtenances constructed from dissimilar metals (el g. pumps
and vjalves).

Electricallisolation of submarine pipelines from onshore electrical earthing systems is essential fof effective
cathodic protection offshore and onshore. This isolation shallbe provided using electrically isolating joints.

Where offshore submarine pipeline CP is provided usinggalvanic anodes and onshore sections of the pipeline
are protefted using either impressed current or galvdnic anodes, electrical isolation is necessary ip order to
enable th¢ onshore section to be subject to the performance assessment as in ISO 15589-1 This requires the
measurerhent of IR free pipe/soil potentials on the pipeline. As current flowing to the onshore pip¢line from
offshore galvanic anodes cannot be interrupted, it is necessary to electrically isolate the onshorg pipeline
from the pffshore pipeline. This is to permit-the onshore pipeline CP system to be adequately performance
assessed.

This isolafion shall be provided usifgelectrically isolating joints. These isolating joints are bestlocated at the
landfall of on the seaward side of.any emergency shut down valves. They should be located on th¢ seaward
side of anfy electrical or contrdl piping connections to the onshore pipeline, to avoid such connectjons short
circuiting the CP current andwegating the effectiveness of the isolation joints.

NOTE 1 |[If these requirements for isolation joints are not followed, there is a considerable threat thgt cathodic
protection| effectiveness.be severely impaired and that significantly costly remedial work be necessary In order to
maintain gipeline integrity.

If isolatinig joints are used, they shall be designed in accordance with ISO 15589-1 and installed [to ensure
long-ter:Fintegrity and shall be positioned to allow easy access for inspection and maintenance.

ISO 15589-1 requires that monolithic isolation joints be used wherever possible, for all electrical isolation
requirements. Unless these joints are exposed to unplanned forces, they have been shown to be much more
reliable than the use of insulating gaskets, sleeves and washers in a conventional flange. Due to the impact
of isolation failure on pipeline integrity, monolithic isolation joints should be used at the interfaces between
offshore and onshore pipelines.

NOTE 2  NACE SP0286-2007, “Electrical Isolation of Cathodically Protected Pipelines”, provides information on the
design and application of monolithic isolation joints.

© IS0 2024 - All rights reserved
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7 Design parameters

7.1 General

The design of a pipeline CP system shall be based on:

detailed information on the pipeline to be protected, including material, length, wall thickness, outside
diameter, pipe-laying procedures, route, laying conditions on the sea bottom, temperature profile
(operating and shut in) along its whole length, type and thickness of corrosion-protective coating(s) for
pipes and fittings, presence, type and thickness of thermal insulation, mechanical protection and/or
weight coating;

envir|
temp

buri
desig]

infor
owne

infor
isolat

availd
const

pressd

rature and resistivity, tides and seabed resistivity along the whole length of the pipelirig
status (extent of backfilling after trenching or natural burial) and soil resistivity;
h life of the system;

mation on existing pipelines in close proximity to or crossing the new pipeline, including
rship and corrosion-control practices;

mation on existing CP systems (platforms, landfalls, subsea structures, etc.) and electric:
ion;

ibility of electrical power, electrical isolating devices, eleetrical bonds;
ruction dates, start-up date (required for hot lines);

nce of fittings, ]J-tubes, risers, clamps, wyes, tees.aiid other appurtenances;

perfo

mance data on CP systems in the same environment.

If CP perfprmance data for similar environments is not available (e.g. when moving into deeper wj
on the seqwater characteristics (dissolved oxygen, salinity, pH, sea currents, and fouling) shall bg
as these chn affect cathodic polarization and-¢alcareous deposit formation. For these situations, thg
informatipn shall be obtained from field supveys and/or corrosion test data including the followin

protelctive current requirementstto ‘meet applicable criteria;

electrical resistivity of the electrolyte, including seasonal changes if relevant;

pipe
watel
0Xyg¢

watel

urial depth (if buri€d) and identification of exposed span lengths and locations;
temperature,at’the seabed;
n concentyation at the seabed;

flow\rate at the seabed, including seasonal changes if relevant;

" salinity,

3
J

location,

| pipeline

iter), data

T

obtained
required

5.

seabd

d topogsraphy
I (=) I 4

When reviewing operating experience for existing CP systems, the following should be considered:

electrical continuity;

electrical isolation;

external coating integrity;

deviation from specifications;

maintenance and operating data.
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Design procedures for the CP based on galvanic anode systems shall be in accordance with Annex A.

7.2 Protection potentials

7.2.1 Potential criteria

To ensure that adequate CP of a pipeline is being achieved, the measured potential shall be in accordance

with Table 1.

NOTE The effectiveness of CP or other external corrosion-control measures can be confirmed by direct
measurement of the pipeline potential. However, visual observations of progressive coating deterioration and/or
corrosion, for example, are indicators of possible inadequate protection. Physical measurements of a loss of pipe wall

thickness, [0SIng divers, or using internal INspection devices such as Itelligent pigs, can also indicate deficiencies in

the level of corrosion protection.

Table 1 — Potential criteria

Materials Minimum negative potential Maximwn/'negative potential?
\% \
Carbon steels
Immeé¢rsed in seawater -0,80 -1,10b
Burigd -0,90f -1,10b
Austenitilc stainless steelsg
PREN = 40¢ -0,30d -1,10
PREN < 40¢ -0,50d -1,10
Duplex stainless steels -0,50d e
Martensitic stainless (13 % Cr) steels -0,50d e

reference dlectrode, in 30 Q-cm seawater.

a  These hegative limits also ensure negligible impact ofCP on pipeline coatings.
tolerated wWithout causing hydrogen embrittlement shall be ascertained.

FpREN 3
N in the stdinless steel respectively, expressediin per cent.

than -0,8 {{ should be avoided (Segalso 7.2.2.

different linit is applicable.

The potentfials are referenced to a silver/silver chloride reference electrode (Ag/AgCl/seawater) which are equivalerjt to an SCE

b Wherg pipeline systems are fabricated from high=strength steel (SMYS > 550 MPa), the most negative potential fhat can be
E W+ 3,3(Wy, + 0,5wyy) + 16wy, where Fppy is the PREN; w,, wy,, Wy and wy are the mass fractions of Crf Mo, W and

d  For stdinless steels, the minimum negative potentials apply for aerobic and anaerobic conditions.

¢ Depenfling on the strength, specific metallurgical condition and stress level encountered in service, these alloys can be
susceptiblg to hydrogen embrittlefient and cracking. If a risk of hydrogen embrittlement exists, then potentials mofe negative

f This cqvers the possibility'of SRB activity and/or high pipeline temperature (T > 60 °C).

g If a metallurgical-stricture is not fully austenitic, these stainless steels can be susceptible to hydrogen-indijiced stress
cracking (HISC) and‘petentials more negative than -0,9 V are considered high and should be avoided, unless testing hps proven a

The potentidl of the Ag/AgCl/seawater reference electrode is dependent upon the concentration df chloride

ions in the electrolyte, and hence the seawater resistivity. If the chloride concentration and hence the
resistivity is known to differ significantly from that of ordinary seawater (typically 3,5 % and 30 Q-cm
respectively), the protection potential criteria shall be adjusted in accordance with Figure 1.
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Figure 1 — Nomogram for the correction of potential readings made with the Ag/Ag(l/
seawater electrode in waters of ¥arying resistivity against the SCE and Cu/CuSO, (sat) reference
electrodesl7]

EXAMPLE If brackish watet/of 100 Q-cm resistivity exists at the pipeline potential measurement sit¢, the least
negative pptential for the effeotive corrosion-protection electrode is —0,84 V and not -0,80 V as given in Tdble 1, with
reference fo the Ag/AgCl/seawater reference electrode.

SCE are peldom usSed due to it Hg content. Cu/CuSO4 electrodes should not be used in segqwater as
contaminption by-ehlorides shifts the potential.

Alternatiyereference electrodes for specific conditions are given in D.4.2.

7.2.2 HISC evaluation

HISC is a non-ductile mode of failure caused by an interaction between stresses, hydrogen produced by the
cathodic protection system and a susceptible material. A special assessment shall be carried out to ensure
that the risk of HISC is minimized. All load contributions causing stress and strain shall be included.

For duplex stainless steels, DNV-RP-F112[2] may be used to assess acceptable stresses and strains.

Fillet welds, doubler plates or aluminothermic welds should not be used directly on high-strength carbon
steels (SMYS > 550 MPa), martensitic or duplex stainless steel materials. For martensitic or duplex stainless
steel pipelines, installation of galvanic anode cables should be performed to special pipe joints consisting of
carbon steel internally cladded with CRA or made of other CRA materials which are not susceptible to HISC.

© IS0 2024 - All rights reserved

11


https://standardsiso.com/api/?name=e4eb4b9004e0f8f9d0d048b904445c1d

ISO 15589-2:2024(en)

7.2.3 Thermally sprayed aluminium

[f a component with thermally sprayed aluminium is cathodically protected at potentials more negative than
-1,15 V, the thermally sprayed aluminium can suffer corrosion as a consequence of the build-up of alkali at
the metal/electrolyte interface. A polarized potential more negative than -1,15 V should not be used unless

previous test results or operating experience indicate that no significant corrosion will occur.

TSA coating has a corrosion potential more negative than -0,950 V (Ag/AgCl/seawater). Unless corrosion of

the TSA coating is accounted for in the design, CP for TSA coated surfaces should be designed to
protection potential more negative than this.

7.3 CP system design life

provide a

life of the pipeline CP system shall cover the pipeline lifetime. However, the possibility
life extengion or future pipeline connections should be recognized at the design stage. ProviSions
made to dccommodate possible future events and this can include revised coating breakdown crit
or incorp¢rating facilities for future anode retrofits.

7.4 Design current densities for bare steel

7.4.1 General

The design current densities depend upon the seawater temperature,“the oxygen content, the
velocity,
metal surffaces.

for an evenjtual repolarization which can occur close to the end of the pipeline life (final), e.g. after a heavy
a coated pipeline, the initial current density is never the critical constraint in the design, so it is not considet
in Annex A. Pipelines are located on the seabed and depolarization in storms has not been found to have a
effect, so the same current density value can be usedfor the mean and final current densities. This can be ir
to pipelings with uncoated field joints.

If it is dedided for a specific location that a-higher final current density needs to be considered in
because df storms, a value which is 20‘'mA/m?2 above the mean value for that temperature may be

For most [applications in water depth of less than 500 m, the design current densities are depen
on the sepwater temperature,and the current densities for non-buried pipelines should be asse

Figure 2.

of future
should be
eria and/

seawater

icrobially induced corrosion (MIC) and the ability to buildup protective calcareous films on bare

densities,
(i.e. 1 to 2
necessary
storm. For
ed further
significant
applicable

he design
1sed.

dent only
tsed from
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Figure 2 — Mean current density rangefor non-buried bare steel pipelines

In Figure[2, the lower current-density curve maybe used where there are no significant changes

in oxygen

content ffom surface to seabed, with build-uplof protective calcareous films, and low to moderadte seabed

currents (up to 2 knots).
If no othef data are known, the upper ¢urve in Figure 2 should be used.
NOTE 2 [Calcareous deposits, formed/on the exposed surfaces of the pipeline by the application of (

reduce the current density required'te maintain protective potentials and also improve current distributio
coatings also favour the formatien/of a dense calcareous deposit, because the initial current density is 1

P current,
n. Pipeline
ather high

when defdcts are formed in.the’ coating. However, the solubility of potential film-forming calcareous {leposits is

dependent] on temperature;and colder waters can disallow the formation of protective calcareous depo
require higher initial currént density to achieve polarization.

5its or can

NOTE 3 |[The loweér curve was published in Reference [19]. This curve is based on test and field data from many

d pipélinte locations world-wide, collected over a number of years. The upper curve is a conserv
fit of the data¢published in DNV-RP-B401 and ISO 13623 and, especially for deep waters, is generally a

tive curve
ccepted by
th oxygen.

operators pndyrepresents the highest current density values reported normally for seawater saturated w
The requi i i i i

At temperatures below 4 °C, the mean design current density shall be 140 mA/m2, unless otherwise

specified, as limited data are available for temperatures below 4 °C.

If the seawater temperature profile along the pipeline route is not known, the required current density shall
be based upon the minimum seabed temperature measured, which is usually the temperature at the deepest

location along the pipeline route.

[f the seawater temperature profile along the pipeline route is known, the curves in Figure 2 should be used
with the averaged seawater temperatures to obtain current densities for each pipeline section. If the annual
average seawater temperature varies by more than 5 °C over the pipeline length, the pipeline length should

be split up into separate sections that cover intervals of no more than 5 °C each. The averaged
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temperature should be used for each section. The design current densities discussed above are applicable
for CP of bare carbon steel and stainless steel (austenitic, martensitic and duplex).

Current densities may alternatively be based on field measurements or data from facilities installed in the
same general geographical location.

EXAMPLE

There are specific locations where higher and lower current densities have been reported. These have
been related to significant changes in oxygen content with depth, and/or significant seabed currents (see Table 2).

Table 2 — Examples of design current densities for specific locations

Location Water depth Seawater Mean cu_rrent Comment
temperature density
m °C mA/m?
US West (joast >500 10to 12 90 moderate currentflqw
Cook Inlef all depths 2 380 high seabed current
Australia > 500 12to 18 90 large seasonal tempgrature
varjdtion

Norwegiah Sea >1000 -1to4 200 cold-deep conditions
Offshore Brazil > 300 130 temperature to be cqnsidered
7.4.2 Splash zone
For riserq in the splash zone, current densities selected shall be 20\mA/m?2 higher than for the dquivalent
riser or plpeline below the splash zone (at the same temperature).
NOTE Splash zone depths vary by location; for example, in the North Sea, splash zones typically exterjd down to
-10 m, whereas in the South China Sea, the splash zones typicallyextend down to -1 m.
7.4.3 Buried pipelines
For pipelines fully buried in sediments (trenched and naturally buried) or artificially covered |(e.g. rock
dumping), a design current density (mean and final) of 20 mA/m? should be used, irrespective off seawater
temperatfire, oxygen content or depth.
7.4.4 Thermally sprayed aluminitim coated pipelines
For TSA a|current density of 0,01 A/m? is used.
7.4.5 Elevated temperatures
Pipelinesjoperating with temperatures in excess of 25 °C on the outside metallic surface of the pige require
an adjustment to the design current density. The design current densities shall be increased by 1 mA/m? for

each degr

The corre

ee Celsius of the metal/environment above 25 °C up to 100 °C.

sponding increase for TSA coated steel is 0,2 mA/m? per degree Celsius.

NOTE

Increasing water temperature decreases oxygen solubility. Increasing temperatures also accelerate the
corrosion rate.

7.4.6 Current drains

If subsea facilities are connected to the pipeline CP system, the current drain to subsea structures, wellheads,
manifolds and well casing shall be included in the design, unless they are provided with a separate CP
system. An allowance should be included in the total design current requirements to compensate for the
current load imposed by the well casings below the mudline. The typical design current for wells should be
between 5 A and 8 A per well.
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7.5 Coating breakdown factors

The current demand of a coated pipeline increases with time as the coating deteriorates. Enough cathodic

protection capacity should be provided to maintain protection as the coating deteriorates.

These coating breakdown factors shall be applied to calculate the bare metal surface areas of the coated
pipe for mean conditions and at the end of the design life respectively (see Annex A). Mean and final coating

breakdown factors shall be calculated as follows.

The mean coating breakdown factor, fc, is given by Formula (1):

f.=fi +(0,5Af xtq)) )
The final foating breakdown factor, f;, is given by Formula (2):

fr = +(&f xtq) (2)
where

f; ip the initial coating breakdown factor at the start of pipeline operation;

Af ip the average yearly increase in the coating breakdown factor;

tq 1p the design life, expressed in years.
The coatipg breakdown factors given in Tables 3 and 4 should be\considered. Coating breakdown factors for
pipeline cpatings not included in Tables 3 and 4 shall be fully documented.
NOTE1 [Typical parameters f;and Afare given in Table 3 (forpipelines without concrete weight coating) 4nd Table 4
(for pipelifies with concrete weight coating), which address€ombinations of the most common coating syqytems used
for corrosijon prevention or thermal insulation. The coatifg/breakdown factors given refer to both seawatgr exposed
pipelines gnd pipelines buried in the seabed.
NOTE 2 [The coating breakdown factors are based on coating quality being in accordance with the vatious parts
of ISO 21809 or with other commonly appliedindustry standards specifying an equal level of quality cogtings. The
coating brieakdown factors include some allowance for damage to pipeline coatings during fabrication| handling,
transportdtion, installation or operation such as third-party damage (e.g. anchors, trawl gear). However, they do not
include allpwance for extreme damage.or:for field joints intentionally left uncoated.
If extrem¢ damage (due to trawling’or drilling activities) or uncoated field joints are anticipated, the affected
surface afea shall be estimated-and included in design calculations as bare metal surface (f. = 1), of increase
the coating breakdown fagtors in Tables 3 and 4. In this case, initial current demand needs to be cpnsidered
too. Coatipg breakdown(factors are not applicable for TSA, see 7.4.4.

Table 3 —Coating breakdown factors, f_, for pipelines without concrete weight coatipg

Factqry-applied coating type Field joint coating type fi Af

Fusion-bopnded epoxy (FBE) Heat-shrinkable sleeves (HSS?) 0,080 0,003 5
FBE 0,060 0,003
Three-layer coating systems includ- HSS2 0,009 0,000 6
ing epoxy, adhesive and polyethylene  [ppp 0.008 0.0005
3LPE ’ ’
( ) Multilayer coating including epoxy and 0,007 0,000 5
PE (e.g. moulded, HSS? or flame spray)

a  HSS can be used with or without primer.
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Table 3 (continued)

Factory-applied coating type Field joint coating type fi Af
Three-layer coating systems including |HSS? 0,008 0,000 5
epoxy, adhesive and polypropylene FBE 0.008 0.0005

3LPP : :
( ) Multilayer coating including epoxy and 0,007 0,000 3

PP (e.g. HSS?, hot tapes, moulding or
flame spray)

Heat insulation multilayer coating Thick multilayer coating systems 0,002 0,000 1
systems including epoxy, adhesive and/ |including epoxy, adhesive and/or PE,
or PE, PP or PU PP, PU, HSS2 or a combination of these
products.
Thick coatings: elastomeric materi- Thick elastomeric materials or glass- 0,002 0,p00 1

als (e.g. palychloroprene or EPDM) or  |fibre-reinforced resins
glassfibrefreinforced resins

Flexible pipelines Not applicable (mechanical couplings) 0,002 0,p001

a  HSS caj be used with or without primer.

[able 4 — Coating breakdown factors, f, for pipelines with concrete weight coating

Factqry-applied Field joint Field joint coating type fi Af
coating type infill
Cold-applied tapes (CAT?) or heat:Shrinkable 0,045 0,002 5
sleeves (HSS) over a wire-bryshed surface to
St3
no
Cold-applied tapes (CAT#).or heat-shrinkable 0,040 0,002 0
Asphalt o coal tar enamel sleeves (HSS) over a bldst-cleaned surface to
Sa2%
CAT?2 0,030 0,001 5
yes
HSS 0,020 0,000 8
Fusion bohded epoxy no HSS 0,045 0,002 5
(FBE) FBE 0,035 0,002 0
yes HSS 0,040 0,002 0
FBE 0,030 0,001 5
Three-laypr coating no. HSS or FBE, 0,008 0,000 5
systems including epoxy, Multila o :
X yer coating including epoxy and PE (e.g. 0,007 0,000 3
adhesive 4nd polyethyl- HSS, or flame spray)
ene (3LPH)
yes HSS or FBE 0,004 0,000 2
Multilayer coating including epoxy and PE (e.g. 0,004 0,000 2
HSS or flame spray)
Three-laypr coating no HSS or FBE 0,007 0,000 3
systems includingepoxy, Multila o :
) yer coating including epoxy and PP (e.g. 0,005 0,000 2
Zgg?g‘fgiﬂd polypropyl- HSS, moulded or flame spray)
’ yes HSS or FBE 0,004 0,000 2
Multilayer coating including epoxy and PP (e.g. 0,004 0,000 2
HSS, moulded or flame spray)

a  CAT should be applied with primer.

For heat insulation covered with concrete coating, the values for heat insulation in Table 3 should be used.
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8 Galvanic anodes

8.1 Design of system

The galvanic anode system shall be designed by locating properly shaped and sized anodes along the pipeline
such that sufficient current is delivered to the pipeline to maintain the required potentials throughout the
design life.

NOTE1 Normally, the CP system consists of bracelet anodes distributed at regular intervals along the pipeline.

Design calculations for the CP systems shall demonstrate that the anodes give the pipeline the necessary
current to meet the current density requirements. The anodes shall deliver sufficient current to meet the
mean andfimatdesigmcurrentdenmarnds:

NOTE 2 |The weightand shape of individual anodes can be limited by anode manufacturing and handling cpnstraints.

If anode fleds are used, alternative methods for distribution and connection to the pipeline ghould be
considered.

The spacipg between bracelet anodes shall be determined together with the number of anodes. THe spacing
shall be dlose enough to maintain an adequate protection in the event of meechanical or electri¢al loss of
a single dnode. This can be satisfied by ensuring the distance between effective anodes is lesq than the
attenuatipn length calculated in accordance with Annex B or other mathématical modelling acfepted by
the pipeline operator. In cases where anode mass is the driver for the-anode spacing, compengation for
mechanicpl or electrical loss of a single anode should be considered fox the whole pipeline. In any cdse, anode
spacing should not exceed 300 m unless documented by attenuatién calculations.

Design apjproach for anode sleds cathodic protection systeméis'the same except that the attenudtion shall
be calculgted based on all anodes on the sled rather than anfindividual anode. It is not necessary t¢ consider
a complete loss of the anode sled. However, adequate redundancy on the connection system/cable (to the
pipeline) $hall be provided since the risk of losing connection in these systems is higher risk than the risk of
losing an pnode (sleds).

For short pipelines, anodes may be installed, at each end of the pipeline if it can be demonstrated by
mathematical calculations or modelling that.CP'can be achieved. Typically, this type of installation |s used on
inter-platform pipelines. Anodes for the pipeline can be attached to the platform if the pipeline is electrically
connected to the platform. Attenuatian calculations shall be carried out in accordance with Annex B for
these insfjallations to determine whether it is feasible to protect the mid-point of the pipeline using anodes
located af the ends.

Extra anddes should be plaged-on the portion of the pipeline that is near a structure, platforn] or shore
approach| A factor of 2 sheuld be included in the calculated design current demand for the first 1 000 m in
the absenge of specific innffermation

NOTE 3 |The reasonsfor adding extra anodes include, but are not limited to:

— incredsed risk.of pipeline coating damage due to dropped objects and vessel anchors;

— possikrility of an increased current drain;

— likelihood that the pipeline potential is more negative than that on the platform, so that the pipeline anodes near
the structure will also provide current to the platform.

All these factors increase current output from the anodes and reduce anode life.

Anodes and anode supports shall be designed to avoid any sharp edges or corners or protruding assemblies
which can be hazardous to personnel (see also Annex E). This latter requirement particularly applies to
diving operations conducted near anode installations.

NOTE 4  Further information on galvanic anodes is given in EN 12496[19],
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8.2 Selection of anode material

The alloy selected shall be one that has given a satisfactory performance under similar field conditions, or in
long-term laboratory and field trials in a simulated environment. Although not mandatory, a test method to
qualify the electrochemical performance of galvanic anodes can be found in Section 10 of DNV-RP-B401, see
Annex C.

Unless otherwise documented, aluminium anodes should not be used below 0,5 9/, (mass/volume) salinity.

Zinc anodes should not be used at temperatures exceeding 50 °C unless their performance is supported by
appropriate test data that confirms satisfactory performance. Intergranular corrosion and/or a reduction in
electrochemical capacity are the main problems for zinc anodes at elevated temperatures.

The galvanic anode alloys developed for marine applications have been specifically conceived to pgerform in
seawater with an alkaline pH, high salinity and a significant content of oxygen. For some areas; theg seawater
and mud fonditions can be very different, such as being totally anaerobic with large concentrations of SRBs

and sulph
term test

NOTE 1
compositi

NOTE 2
aluminiumn

NOTE 3
if the curr

NOTE 4

8.3 Ele

For desig
capacities
AnnexC.]

ides. In addition, the salinities can be low. This can be of importance for anéde select
ng in appropriate environments should be considered and suitable test procédures agre

Aluminium and zinc alloys are the materials most often used as galvanic,dnodes on pipelin
ns are respectively given in 9.4 and 9.5.

Aluminium alloy anodes have decreased electrochemical efficiency“at/elevated temperaturg
alloy compositions can be unsuitable at elevated temperatures.

The behaviour of certain aluminium alloys can be adversely affegted by burial in seabed mud, p|
PNt output remains low.

Aluminium alloys containing magnesium can suffer ageingwith a loss of mechanical properties.

ctrochemical properties

1 purposes, the values quoted in Table 5 should be used. Alternative values for the electr
of galvanic anodes may be used if thé data are properly documented by testing as d

Table 5 — Design values for galvanic anodes

ion. Long
2d.
bs. Typical

s. Certain

prticularly
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[he electrochemical properties shall be documented for the relevant anode operating temperatures.

Anode

Anode surface Immersed in seawater Buried in seawater sed

type

ments

temperature?

Potential

Electrochemical
capacity

Potential

Electro

caplacity

chemical

Ag/AgCl/
seawater

&

Ag/AgCl/
seawater

&

°C

mV

Ah/kg

mV

Al/kg

Aluminiufn

<30

-1050

2000

-1000

1

500

60

-1050

1500

-1000

8

00

80b

-1000

900

-1000

400

Zinc

<30

> 30 to 50¢

-1030

780

-960

750

-980

5

80

Electrochemical capacity for a given alloy is a function of temperature and anode current density. Reference is made to Annex A
for guidance on CP design for variations in anode current densities.

For non-buried pipelines, the anode surface temperature should be taken as the external pipeline temperature and not the
internal fluid temperature.

a  For anode surface temperatures between the limits stated, the electrochemical capacity shall be interpolated.

b For aluminium anodes, the anode performance values are only applicable up to anode surface temperature shall not exceed
of 80 °C unless the performance has been demonstrated in tests and has been documented.

¢ For zinc anodes, the anode performance values are only applicable up to anode surface temperature of 50 °C unless
satisfactory performance has been demonstrated in tests and has been documented.
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Pipelines which are rock-dumped shall be considered as buried in seawater sediments.

The design values in Table 5 are applicable to seawater with a typical salinity of 3,5 9/, (mass/volume. For
salinities below 1,2 9/, (mass/volume, the design values given for anodes buried in sediments should be

used.

NOTE 1

The electrochemical capacity can be lower for aluminium in brackish water than in ocean seawater.

For buried pipelines the following apply:

— fornon-insulated pipelinesthe anode surface temperature shall be taken as the internal fluid temperature;

— for insulated pipelines, or when anodes are thermally isolated from the pipeline, the anode surface

temp

1111 1 1 1
CIdLULC SIIdIT UC CAdICUIdiCU.

For pipelaiEes or pipeline section where incomplete self-burial is expected, the base case is to\dés

pipeline

For pipel
conservat

a) pipel
b) fully

NOTE 2
unburied)

8.4 Anq

The inter
thickness

d anodes are freely sea water exposed when internal fluid temperature is equal to,or be

nes with internal fluid temperature above 25 °C, the design shall be determined by
ive of the following cases:

nes and anodes either fully exposed to sea water (0 % burial);

puried (100 % burial).

can be unsuitable for use under other conditions (e.g. high temperature, buried).

pde shape and utilization factor

hal diameter of a bracelet anode should be determmined by the outside diameter of the pij

into accoynt
Dependi:L on the pipeline installation method,“the anodes can be susceptible to damage. This ¢

critical w

For non-v
reduce th

For weigh
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NOTE

with tape
diameter f
circumsta

The core
anode.

hen the anodes pass over a stinger. as,the pipeline leaves the lay barge.

veight-coated pipelines, anodes with either tapered shoulders or taper cones should b
e risk of the anodes catching on the stinger rollers.

hodes will roll smoothly over the stinger rollers.

A variety of galvdnic anode designs are available for attachment to the pipeline. Semi-cylindricg
‘ed and squaré\shoulders are available for use on small- and medium-diameter pipelines. I
ipelines wheré€ Semi-cylindrical anodes would be impractical, segmented designs are available.
ces, anodes'can sometimes be cast directly onto the pipe.

shall be'designed to maintain electrical integrity with the anode body for the full design

gn as the
ow 25 °C.

the most

Anode compositions which have been qualified for one set of operating conditions (e.g. low tefnperature,

e and the

of coatings applied. Tolerances of the outer diameter of pipe and coating thickness should be taken

oncern is

e used to

t-coated pipelines, the thickness of anodes should match the thickness of the weight coating, such

| bracelets
For larger-
For special

life of the

Anodes shall be designed in such a way that a utilization factor, g, is assured. The insert shall be designed in
order to deliver the utilization factor in the CP design premise. Subject to the design of the inserts being able

to deliver

it, the following utilization factors may be used:

— bracelet anodes = 0,80;

— slender anodes = 0,90 maximum;

— short

flush mounted anodes = 0,80;

— long flush mounted anodes = 0,85;

— stand-off anodes = 0,90.
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Flush-mounted anodes are classified as short or long based on their length (L) to width (b) and length to
thickness (d) ratios as follows:

— long flush-mounted anode = L = 4b and L = 4d;
— short flush-mounted anode = L < 4b and L < 4d.

The position of the anode insert within the body of the anode material shall be such that the remaining
anode weight at the end of the design life is fully supported by the steel core and be electrically connected to
pipeline so that the specified utilization factors are achieved.

In bracelet and flush-mounted anodes the insert should be placed as close as possible to the surface of the
anode that will be adjacent to the structure (typical distance 8 mm to 10 mm). The anode material below the
insert shdll not be considered utilizable. In some cases, a utilisation factor of 0,8 is not achievablf and this
should be{reflected in the CP design.

8.5 Elefctrical considerations

The electfrical connection between the pipeline and the anode is generally madé-by a bonding wire or
direct welding of the anode core to the pipeline. The bonding wire can be attached-by a variety offmethods,
including|aluminothermic welding and pin brazing. The attachment methodrshall be compatiblg with the
requirements of the pipe lay method and the metallurgy of the pipeline steel{see 7.2.2).

Anode core extensions of bracelet half-shells are generally oriented inthelongitudinal direction df the half-
shell and|at the mid-point of the half-shell cross-section. Anode cer€ extensions, usually a flat|steel bar,
should b fully welded to the core and the dimensions should beompatible with the pipe dimensions and
material.

9 Galvanic anode manufacturing

9.1 Pre¢-production test

The detajled anode design shall include anodé-drawings showing shape and dimensions with tplerances.
Prior to fabrication of the anodes, a pre-production test shall be carried out at the foundry to ascertain that
all mouldk, cores, casting equipment and-other components are in accordance with applicable gtandards,

=
ot
@
©
wn
[
]
5
]
=
(=
=
)
©
=
]
Q.
)
Q
)
wn
(i
0
%]
[%]
5
X
=
%]
2]
=
@]
=
Q.
o
@
=
[%2]
o
@
(@]
(g
@
Q.
Qu
)
wn
(=3
=
c
a
=
<
@
<
=
©
(@]
aQ
o
=
Q.
D
=
(]
@
=
=
‘b—*
S
o

9.2 Codting

Bracelet anodes should be coated on the sides facing the pipeline and the concrete weight cogting. The
coating applied to*the anode faces should be an immersion-grade two-component epoxy with a minimum
thickness|of £00 pm. Coating sides of other anode types should also be considered.

The expo

9.3 Anode core materials

Anode cores shall be fabricated from weldable structural steel plate/sections in accordance with to the
EN 10025 series, the ISO 630 series, or equivalent standards. Anode core materials to be welded to the
pipeline shall be compatible with the pipeline material or structural elements to which it is attached, and
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the carbon equivalent (CE) shall not exceed the CE value of the pipeline material, or maximum 0,45. The CE
value shall be calculated using Formula (3).

WcE =

W+ Wipn/6 + W, + Wiy + Wy)/5 + (wy; + we,)/15

(3

where the symbols with the elements as subscripts represent the mass fractions of the corresponding

elements.

If the full chemical composition is not reported, the alternative w value of Formula (4) may be used.

WcE =

We + Wy, /6 + 0,04

4)

NOTE
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9.4 Alu

The alumfinium anode material shall be Al-Zn-Tn~alloy. The chemical composition of the anode

formulate
design. Ty
optimum
may be u
project de

In the industry, the symbols for the elements (i.e. CE, C, Mn, Cr, Mo, V, Ni and Cu) are used direc
to represent the mass fractions of the corresponding elements.

[ial certificate for the anode cores shall meet the requirements of EN 10204:2004,3.1, or e

f steel anode cores shall be in accordance with the relevant requirements‘¢f AWS D1.1
y equivalent standards. Welding shall be performed by welders qualified-according to I
1.1/D1.1M or technically equivalent standards. Qualification of welding procedures s
fe with the requirements of ISO 15607, AWS D1.1/D1.1M, or technigally equivalent stand

e steel for aluminium anodes shall be blast-cleaned to Sa 2% inlaccordance with ISO 85
and maintained until casting commences.

e steel for zinc anodes shall be blast-cleaned to the minitmum standard Sa 2% in accord
1 or galvanized according to ISO 1461 or equivalent:*Rust discoloration and/or visu
htion of zinc-coated surfaces shall not be permitted, The degree of cleanliness shall be m

ng.

minium anode materials

d and demonstrated to meet the potential and electrochemical capacity requirements of t
pical chemical compositions are given in Table 6, but specific alloys have been devel

bed if testing demonstratessthat they meet the required anode electrochemical proper
sign.

Table 6 — Typical chemical composition of aluminium anode materials

ly in some

juivalent.

D1.1M or
0 9606-1
hall be in
hrd.

P1-1 prior

hnce with
h] surface
aintained

5 shall be
he project
ped with

performance which have smaller composition ranges, within the limits below. Other conrpositions
t

es for the

Element? Mass fraction range
w (%)
Typical alloy Typical alloy
limits A limits B

Zn 3,0to 5,5 4,75t0 5,75
In 0,016 to 0,040 0,016 t0 0,020
Ga - -
Fe 0,09 max 0,06
Si 0,10 max 0,08t0 0,12
Cu 0,005 max 0,003 max
Cd 0,002 max 0,002 max
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Table 6 (continued)
Element? Mass fraction range
w (%)
Typical alloy Typical alloy

limits A limits B

Other impurities 0,02 max 0,02 max
(each)

Other impurities 0,1 max 0,05 max
(total)

Al Remainder

Alloy A is|generally used in offshore applications in temperate waters.
Alloy B is|generally used for cold deep conditions (see Table 2).
Further details on anode compositions are in EN 12496 (being replaced by ISO 9351).

9.5 Zinlc anode materials

A typical themical composition known to perform well in many conditions is-given in Table 7.

Table 7 — Typical chemical composition of zincanode materials

Element Mass fraction
min. % max. %

Cu — 0,005
Al 0,10 0,50
Fe = 0,005
Cd 0,025 0,07
Pb — 0,006
Zn Remainder

Other compositions may be used if testing demonstrates that they meet the required anode electrpchemical
propertieg. EN 12496 (being replaced-by ISO 9351) gives alternative compositions for zinc anodep. Caution
should be exercised when any element falls outside the specified range, as anode performance mpy be less
than the design requires.

10 Galvanic anode guality control

10.1 General

A quality contrelprocedure shall be followed to ensure that the requirements in this clause are megt.

10.2 Steel anode cores
All welds shall be visually inspected.

Required surface finish shall be verified by visual inspection immediately prior to casting.

10.3 Chemical analysis of anode alloy

Two samples from each heat shall be taken for chemical analysis. The samples shall be taken in the
beginning and at the end of casting from the pouring stream. For smaller alloying furnaces (max. 500 kg), it
is acceptable to take one sample per heat. The sample shall be taken at the beginning of the first heat and at
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the end of the second heat, then in the beginning of the third heat and so on. The samples shall be analysed
to verify the required chemical composition.

Anodes from heats whose chemical composition do not meet the required chemical composition shall be
rejected.

10.4 Anode mass

Individual anode castings of each type shall have a net mass within *3 % of the nominal net mass for anode
castings with total mass above 50 kg. For anode castings below 50 kg, the mass tolerances shall be +5 %
unless otherwise agreed between the end user and the relevant parties.

At least 19-94-oefthetotal number-eofanede—castings—shall-be—weighedto—confirm—eonfermitywith this
requiremepnt. If agreed between the end user and the relevant parties, the weighing can be done«jn groups,
which gives an average individual weight.

The total[net mass of anodes shall not be less than the nominal value. A maximum value can be agreed
between the end user and the relevant parties.

10.5 Angpde dimensions and straightness

10.5.1 Slender anodes

The anod¢ dimensions and straightness for slender anodes shall conform to the following:

— anodg¢ length shall be within +3 % of the nominal length or #25 mm, whichever is smaller;
— anod¢ mean width shall be within +5 % of the nominal mean width;

— anodg¢ depth shall be within +10 % of the nominal mean depth;

— the d]ameter of cylindrical anodes shall be within *2,5 % of the nominal diameter;

— the sfraightness of the anode shall not deyjiate by more than 2 % of the anode nominal length from the
longitudinal axis of the anode.

Atleast 10 % of the total number of anodes shall be checked to confirm conformity with these reqyirements.

10.5.2 Byacelet anodes
Each bradelet anode length shalt’be within 3 % of the nominal length or £25 mm, whichever is snjaller.

The anod¢ internal diametet shall conform to the following dimensional tolerances:

0 / +4 mm forpipeline diameters <300 mm
0 / +¢ mm'for pipeline diameters > 300 mm and < 610 mm
0 / +1.9%for pipplinp diameters > 610 mm

The dimensional tolerance on the anode thickness shall be +3 mm.
Atleast 10 % of the total number of anodes shall be checked to confirm conformity with these requirements.

Anodes shall be free from excessive bowing or twisting. The anode casting shall not deviate by more than 2 %
of the anode nominal axial length from the longitudinal axis of the anode. At least one completely assembled
bracelet anode shall be fitted. This shall be verified by fitting an agreed number of bracelet assemblies to
a full-length former or by an equivalent method. The external diameter shall not exceed the summation of
tolerances given above.
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10.6 Anode core dimensions and position

Tolerances on the anode core position within the anode shall be subject to agreement prior to fabrication,
to conform with utilization factor requirements, and should be part of the fabrication quality plan. Anode
core protrusions and any other critical dimensions shall be measured and shall conform to specified
requirements. EN 12496[101, NACE SP 0387281 and NACE SP 0492[27] provide guidance on acceptable
tolerances for anode steel core location within cast anodes. Tolerances and core design should be agreed in
order to deliver the utilisation factor and structural requirements of the design.

10.7 Anode surface irregularities

10.7.1 Slender anodes

Slender anodes shall be inspected visually to confirm conformity with the following requirements:

— shrinkage depressions shall not exceed 10 % of the nominal depth of the anode material to the anode
core, ps measured from the plane of the anode surface to the bottom of the depression;

— in th¢ topping-up area, the maximum shrinkage shall not be more than a 10, frm’ depth meastyired from
a strgight edge across the topping-up face and not more than 0,5 % of the'gross anode volume; any
additjonal topping-up materials or casting surface irregularities shall be-fully bonded to the bulk anode
material;

— cold ghuts shall not exceed a depth of 10 mm and/or extend over dtotal length of more than three times
the width of the anode;

— all prptrusions that are hazardous to personnel during handling shall be removed.

10.7.2 Byacelet anodes
Bracelet dnodes shall be inspected visually to confirnm¥conformity with the following requirementsg:

— shrinkage depressions shall be <10 % of the\thickness of the anode as measured from the uppermost
corndr to the bottom of the depression-Shrinkage depressions that expose the anode core are not
acceptable;

— in thq topping-up area, the maximtun'shrinkage shall not be more than 10 mm measured from|a straight
edge Jacross the topping-up faceéyand not more than 0,5 % of the gross anode volume. Any additional
toppihg-up materials or casting surface irregularities shall be fully bonded to the anode material;

— any cpld shuts shall be <0 mm depth and/or extend over a total length of < 150 mm;

— all prptrusions that@pé hazardous to personnel during handling of the anode(s) shall be removed.
10.8 Cracks

10.8.1 General

All anodes shall be inspected for cracks.
NOTE Cracks can occur while cooling during the casting of galvanic anode bracelets because of the different
coefficients of expansion of the anode and the core. These cracks are not detrimental, provided they do not converge in
a manner that allows loss of anode material.

No treatment shall be applied to grind, peen, or in any other manner dress cracks before inspection and
checks.

Zinc anodes shall be free from visible cracking without the aid of magnification.

Cracks may be accepted in aluminium anodes provided the cracks do not cause any mechanical failure
during installation, transportation or service of the anode. The combination of cracks and lack of bond to the
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anode core and cracks in the area where the anodes are not fully supported by the anode core shall not be

accepted.

For aluminium, the cracking criteria given in 10.8.2 and 10.8.3 shall apply.

10.8.2 Aluminium slender anodes

The following cracking criteria shall apply:

— for sections of anode material not fully supported by the anode core, no visible cracks shall be permitted
without magnification;

— cracks within the section of an anode supported by the anode core are not acceptable if the length is

> 100

mm and/or the width > 1 mm;

— crack

s penetrating to the steel anode cores or through the anode are not permitted;

— amaj
notc

Longitudinal cracks are not permitted.

10.8.3

The following cracking criteria shall apply:

— for sections of anode material not fully supported by the anode coke, no visible cracks shall be |
withqut magnification;

— cracKs penetrating to the steel anode cores or through the.anode are not permitted;

— crackls with a length of > 100 mm or > 50 % of the anede diameter (whichever is greater) and
> 3 mm are not acceptable.

Provided
— crack

— cracKk
is les

— crack

Cracks in
and/or <

10.9 Int

The numl

type/size
requirem

kimum of 10 cracks per anode with small dense cracks counting as one and cracks <’0,5
unted.

uminium bracelet anodes

the above is satisfied, the following cracks'are acceptable in transverse direction:
s with a length of < 50 mm or < 20 % of the anode diameter, whichever is less, and a widt

s with a length of 50 mm to 200(mm or between 20 % and 50 % of the anode diameter, ¥
,and a width < 1 mm;

s with a length of 50 mm t0)200 mm are limited to two per half-bracelet or four per anod

the longitudinal direction shall be < 100 mm in length or < 20 % of anode length, whiche
| mm in width.

ernal defects; destructive testing

per and method of selection of anodes to be destructively tested (sectioned) within ez

ents (see 9.1).

mm wide

bermitted

or width

h <3 mm;

vhichever

c.

Uer is less,

ich anode

shall take into account anode design, the total number of anodes, and the pre-produlction test

If an anode does not meet the requirements below, an additional anode shall be subjected to destructive
testing. If this does not satisfy the specified requirements, the whole anode lot shall be rejected or other
actions taken as agreed prior to fabrication.

Slender anodes should be sectioned transversely at 25 %, 33 % and 50 % of the nominal length, or at other
agreed locations for a particular anode design. The cut faces, when examined visually without magnification,
shall conform to the following criteria.

— Gas holes and porosities shall be limited to maximum 2 % of the total cut surface area, and maximum
5 % of any individual cut surface area. No cavity shall exceed 1 cm?2.
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— Non-metallic inclusions shall be limited to maximum 1 % of the total cut surface area and maximum 2 %
of any individual cut surface area. No non-metallic surface shall exceed 1 cm?2.

— Lackofbond (voids) shall be limited to maximum 10 % of the total tubular anode core circumference and
maximum 20 % of the circumference for any individual cut.

Bracelet anodes should be sectioned transversely by cuts at 25 % and 50 % of the nominal length, or at other
agreed locations for a particular anode design. The cut faces, when examined visually without magnification,
shall conform to the following criteria.

— Gas holes and porosities shall be limited to maximum 2 % of the total cut surface area, and maximum

5%o0

f any individual cut surface area. No cavity shall exceed 1 cm?2.

— Non-fnetallic inclusions shall be imited to maximum 1 % of the total cut surface area and max

of an)

— Lack

The confd
shall be c
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10.10 Electrochemical quality control testing
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— close
— electi
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reported.
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NACE TM

Test resu
shall be d

 individual cut surface area. No non-metallic surface shall exceed 1 cm?.

rmance of the anode core position within the anode body in accordanceith the design
bnfirmed by physical measurement on the cut faces.

es of procedure qualification may be considered based on agreementbetween the end us
arties.

ving shall be assessed:
1-circuit potential;
ochemical capacity;

sion pattern (uneven consumption, intergranular attack, passivity, etc.).

all be carried out in naturalseawater or in artificial seawater in accordance with ASTM

)190.

ts shall meet the-acceptance criteria in Table 8. For other testing procedures, acceptan
bcumented imthe test procedure.

Table.8./— Recommended acceptance criteria for electrochemical performance
(production quality testing)

mum 2 %

bf bond (voids) adjacent to the anode core shall be limited to maximum 10 % of the tétal ajnode core
perinpeter and maximum 20 % of any individual cut.

drawings

br and the

tests shall be carried out for each.15't of anodes produced. The electrochemical test data shall be

D1141.

shall be conducted uSing the procedure described either in DNV-RP-B401 Section 9 or in

e criteria

Anode type Minimum electrochemical capacity | Closed-circuit potential
A'h/kg (at end of of testing)
mV (Ag/AgCl seawater)
Aluminium 2500 -1050
Zinc 780 -1030

If the specified requirements are not met, re-tests shall be carried out on three specimens from each
heat that failed to meet the requirements. Failure of any of these three specimens to meet the specified
requirements shall lead to rejection or other actions taken as agreed prior to fabrication of all anodes from
the heat(s) involved.

The tested anode sample surface shall not show any signs of passivity or intergranular attack.
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11 Galvanic anode installation

All welding procedures and welders qualification for the attachment of anodes to pipelines shall be in
accordance with the relevant requirements of AWS D1.1/D1.1M or equivalent.

NOTE The above does not override the pipeline fabrication requirements which can mandate standards to be met
for the welding of attachments to the pipeline.

Bracelet anodes shall be bolted on, or welded to, the pipeline.

For bracelet anodes mounted on pipe joints that are concrete-weight-coated, electrical contact between the
concrete reinforcement and the anodes shall be avoided by providing a gap, typically of 25 mm, at each end
of the anode. Gaps between bracelet anode half-shells and between half-shells and the concrete shall be filled
with non4conductive mastic or similar compound.

Anode indtallation shall be carried out in such a way that damage to the pipeline coating is ptinimized.

After instiallation of the anode-to-pipe connection, the pipeline coating shall be repairedusing a cpmpatible
coating material.

The anodp-to-pipeline connection shall be designed to ensure adequate mechanical strength and|electrical
continuity and to prevent damage to the pipe at the point of connection.

A detailefd anode-to-pipeline connection design shall be included as oéne of the detailed anofle design
drawings| Welding of cable connections shall not be carried out on bends or within 200 mm frorh pipeline
welds.

For aluminothermic welding of cables, the welding procedure shall be such that copper penetratign into the
pipeline aterial shall be less than 1 mm and local pipeline hardness shall remain within the reqyiirements
given in the pipeline specification.

Aluminothermic weld charges should not be greater than 15 g. If cables larger than 16 mm?2 need to be
attached, |the cores shall be separated into a numbefof smaller strands, each measuring less thah 16 mm?
and weld¢d separately.

Aluminothermic welding should not be carried out on corrosion-resistant alloy pipelines. Alternative
methods puch as pin brazing, soft soldering, adhesive bonding or friction welding may be used,| provided
that the detailed procedure and performance are reliable and properly documented.

Allitems fo be protected by CP shallbe electrically connected and should have a welded or brazed cpnnection
to an anofle. All bolted or clamped-tomponents with a surface area exceeding 1 m? shall have an gll-welded
or brazed connection to an anode. For all bolted or clamped assemblies without an all-welded pr brazed
electrical|connection, it shall-be verified that the electric resistance is less than 0,1 Q) in accordance with
a procedyre accepted by the operator/end user. The pipeline coating on contact surfaces shall bg removed
prior to njaking the connéction.

Cables shall be copper-cored and shall be insulated and sheathed to withstand the prevailing chemical and
mechanicpl conditions. The minimum conductor size for measurement cables shall be 4 mm?2. Cablgs shall be
sized suclll that no excessive voltage drops occur which reduce the capacity of the system.

If the contact is made by using current-carrying copper cables welded or brazed at each end, these shall be
stranded and have a minimum cross-section of 16 mm? and brazed to the cable shoe. At least two cables per
anode shall be installed. For half-shell anodes, two half-shells shall be considered as a single anode.

When electrical continuity is achieved by direct welding of core extensions, a doubler pad should be pre-
installed on the pipeline to avoid detrimental effects of the fillet welds and the external coating.

For pipelines coated with thick insulating coating systems, the anodes may be placed on the outside of the
coating and electrical connection may be made to a steel bracket with a doubler pad arranged to provide a
surface for the attachment which is flush with the outer diameter of the insulating coating.

After the attachment process, the area shall be coated with a compatible coating system.
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Typically, anodes are attached directly to the pipeline and installed onshore/on the vessel. Underwater
installation of anodes should only be utilized in exceptional cases (e.g. the retrofit of a CP system or the use
of remote anode assemblies).

Bolted connections with set screws or friction welding may be considered for the electrical connection of
anode retrofit systems.

12 Impressed-current CP systems

12.1 Current sources and control

NOTE L 1 4 4 eils inVal 1 4l 4 Cdend :
HITPITOoSTU™LULTTIIU S y SLUIIIS ULIIIZT da DLW PUWTEL SUPPLy d5 LIIT LU TTIU SUUTLE. otdatutul y TTyull mentS can

apply for ifs design, installation and operation.

Separate [negative connections shall be installed for each pipeline to be protected, independgnt of any
negative ¢onnection to the platform or any land-based installation. Negative connections shall be tgrminated
in a contrpl box. There shall be a facility to regulate and measure the protective currentto each pipeline.

The contyfol of the DC power supply current output can be manual or automati¢. In the first cgse, either
current of voltage control may be used, while automatic control shall be basgd on potential rea(jings from
fixed refefence electrodes. Alarm functions indicating excessive voltage/cutrent load on anodes and/or too
negative @r too positive protection potentials should be included.

The currgnt output from individual anode/anode bank should each beiindependently adjustable.

12.2 Impressed-current anode materials

Anode mdterial should be any of the following:

— mixedl metal oxides or platinum on a substrate of titanium, niobium or tantalum;
— graphite;

— high-gilicon castiron;

— magrletite;

— precipus metal;

— steel.

Other impressed-current materials can be used in specific applications if they are reliable and properly
documented. For land-basgd CP systems which are designed to protect offshore pipelines, alternatjive anode
materialsimay be useddfthey are reliable and properly documented in accordance with ISO 15589-1.

NOTE The andde/material and substrate determine the maximum operating voltage and anodic currg¢nt density
that can b utilized. Impressed-current materials suffer deterioration, the magnitude of which is dependent on the
anodic curfrerit'density and the applied voltage.

12.3 System design

WARNING — During operation of CP systems, chlorine gas can develop at anode surfaces and
hydrogen gas can develop at cathode surfaces. To avoid any health and safety hazards, design and
operation shall avoid any detrimental build-up of the gases.

Impressed-current anodes are generally located at one or both ends of submerged pipelines. The current
output shall be sufficient to protect the pipeline to the mid-point for systems operating from both ends.

The high current output can result in overpolarization of the pipeline nearest the impressed-current anodes
or nearest the negative connection point to the pipeline (drain point). Current attenuation calculations
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should therefore be conducted to verify that mid-point protection can be achieved without overprotecting
the ends for systems operating from both ends (see Annex B).

The total current capacity of the impressed-current CP shall be at least 1,25 times the total demand of the
pipeline calculated as described in Annex A.

To account for both uneven current distribution and a higher risk of anode malfunction compared to galvanic
anode systems, the design of the impressed-current CP system shall include redundancy with respect to the
number of anodes.

Impressed-current anodes and cables shall be designed to withstand all expected forces during installation
and operation. Anodes shall be designed so that they can be replaced either from the surface or subsea by
diver or ROV.

Where arlodes are mounted within 1,5 m of the support structure, a non-conductive coating or sheet
(minimum 1 mm thickness), i.e. a dielectric shield, shall be applied to the adjacent support surface

NOTE 1 |[This precaution is to prevent excessively negative potentials. Typically, shields of prefabricated glass-fibre-
reinforced|sheets of epoxy resin are used and can be an integral part of the anode assembly‘gyfastened td the object
with an efoxy resin. Alternatively, liquid-applied coatings such as glass-flake-reinforced-epoxy or polyeqter can be
applied.

Anode caples shall have a steel armour or shall be adequately protected“by routing within a dedicated
conduit. Hrovisions for repairs to and replacement of cables shall be incorporated in the design.

NOTE 2 [Restrictions for routing of cables in hazardous areas can apply.

Platinum{ or gold-coated titanium, niobium, and tantalum should be used for electrical contacts ekposed to
seawater.

Pipelines| protected by impressed current shall be electrically isolated at both ends from| adjacent
structuref/pipelines. Isolating joints should be located.above water at a location suitable for inspgction and
maintenahce. If interference effects from adjacent structures or pipelines are considered, connections for
testing arjd remedial provisions shall be installed~See ISO 21857.

When impressed-current systems are used, fixed reference electrodes shall be installed to verify|ladequate
CP of the pipeline and shall include potential'monitoring in the area closest to the anode, i.e. to verify there
is no overfpolarization. Critical areas where diver or ROV inspection is prevented shall have fixed|reference
electrodeg.

NOTE 3 |Reference electrodes are'typically installed near the ICCP connection point to the pipeline instead of across
the whole |ength of the pipeline.

Since fixdd reference ele¢tyodes have a limited life, procedures for maintenance and on-line cplibration
should be|established,

Positive and negative cables shall not be placed in a common conduit.

To evaludte therperformance of the CP on offshore pipelines protected by an impressed-current system,
measuringcables and test points shall be installed at each end of the pipeline if direct contact is not possible.

At isolating joints, two cables shall be connected to each side of the joint or flange. The cables shall be
separately terminated in one test post or junction box with suitable facilities to install direct or resistive
bonds. To enable reproducible monitoring, the test box should be installed in a convenient, safe location
close to the riser, where there is vertical access to the seawater for riser-drop cell surveys.

12.4 Manufacturing and installation considerations

Manufacturing of impressed-current anodes, subsea electrical connectors and dielectric shields shall
be performed according to an approved quality control system. Any welding or brazing of cables shall be
carried out according to a recognized procedure.
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12.5 Mechanical and electrical considerations

The electrical connection between the anode lead cable and the anode body shall be made watertight and
mechanically sound.

Cable and connection insulating materials shall be resistant to chlorine, hydrocarbons and other deleterious
chemicals.

Care shall be taken to provide suitable mechanical protection for both the anode and its connecting cable.
On suspended systems, the individual anodes or anode strings should be equipped with winches or other
retrieval means as a damage-preventing measure during severe storms or for routine inspection and
maintenance, and the implications of a loss of protection during these periods should be assessed.

NOTE 1
CP system|
current. T

The folloy

— Anodgs may be bottom-installed on the ocean floor by mounting them on specially designed

sleds

Impressed-current systems are more critical with respect to mechanical damage than galv
5 because relatively few anodes are involved, each of which discharges a substantial amount 6f
ie loss of an anode or any negative return cable can seriously reduce system performance:

ving methods of installing fixed-type impressed-current anodes may be applied-

for stability. This minimizes the possibility of the anodes becoming covered with mud ox

— Anod

the platform. Casings should be attached to above-water platform meémbers and supported at
members below water. The anodes should be lowered through thecasings (which protect the a
wireq) and be allowed to extend below a termination fitting at€he bottom of each casing. Th
provides a means of anode retrieval or replacement using the anode cable, without diver 4

Mari
casin

— Anod
sub
remo

— Anodgs may be installed on submerged platform members using offset steel structural suppor

to the

— Anodgs may be installed into the qcéan floor in trenches to prevent damage from anchors or t

Simple, rv
manual, ¢

NOTE 2
adjustable

There car] be a delaysefiseveral months to a year or more between the time a pipeline is laid until p|

s may be installed at the lower ends of protective vertical steel pipe-oasings or conduits a

e growth or corrosion scale can make anode retrieyakdifficult or impossible. The top of
b should be sealed with a removable cap to prevent.ahy debris going down the casing.

s with essentially flat configuration-mounted, isolating-type holders may be attached
rged platform members or to auxiliary structural members, such as vertical pipes, wh
ved for anode retrieval without diver assistance.

platform members. In this case, diver assistance is required for anode replacement.

gged, easily maintained-impressed-current equipment shall be used. The system can bg
pnstant current or automatic potential control rectifiers.

Because conditions at an offshore location seldom vary, except for weather-related factors
oil-cooled rectifiets'with both AC and DC overload protection are commonly used.

electrical

power becomes available on the platform. Adequate CP of the pipeline (e.g. interim CP b
r theinterim period shall be provided.

nic anode
protective

concrete
silt.

rtached to
repeating
node lead
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irectly to
ch can be
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manually

ermanent
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concrete

13 Documentation

13.1 Design, manufacturing and installation documentation

The documentation for as-built systems shall cover the following:

— description of the basis of the CP design with reference to project specifications, codes and standards;

— calculations of surface areas to be protected and currents demanded including coating breakdown
factors;
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— final design anode calculationsincluding anode mass, dimensions, resistance, numbers and performance;

— drawings, including anode distribution, detailed anode design, manufacturing and installation;

— anode cable attachment report;

— CP survey report;

— electrical continuity report;

— CP commissioning report.

The final documentation shall contain the engineering drawings and equipment lists updated to “as-built”

status, a

The following additional documentation shall be included for impressed-current systems:

— DCp

— detailed drawings of anodes, reference electrodes, subsea connectors, cable terminations and

shiel

— procddures for fastening anodes, reference electrodes and dielectric shields) if applicable;
— documentation of impressed-current anode performance;

— drawjngs showing location of anodes and reference electrodes;

— detailed drawings of cables and electrical isolating joints, ifapplicable;

— drawjngs of cable protection conduits;

— docu]:entation of potential-monitoring system.

A schedu

materials|in the quantities required to constructthe CP system.

Construction details and installation procedures for the CP system shall be provided.

13.2 Comnmissioning procedures

For galvahic anode systems, commissioning generally only requires the pipeline potentials to be

in order

performef including calculatiens of anode current densities by voltage gradient measurement and
testing required by the_de€sign. Commissioning activities are subject to agreement between the g

CP syste

For impr¢ssed-cuftent systems the commissioning procedures shall include:
— testinjg of pipeline isolation where present;

- - Dl h |
— energrzimg Cr [arawdrec,

g¢wer supply documentation, including capacity, control and alarm facilities and €ircuit dy

ds;

of materials to be used for the installation of the CP system shall be issued, listing the

0 ensure the minimtum ‘protection levels have been achieved. More detailed testing m3

installation’contractor.

awings;

dielectric

specified

measured
ly also be
any other
'wner and

pal

— measurement of adequate protection levels (see Annex D);

— interference testing, if applicable (see ISO 18086 and ISO 21857).

13.3 Operating and maintenance manual

For impressed-current systems, an operating and maintenance manual shall be provided containing:

— adescription of the system and system components;

— acommissioning report;
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ings for as-built components/systems;

— manufacturer/supplier documentation;

— potential criteria for the system;

— a monitoring plan, including procedures, schedules and equipment for each type of monitoring facility
installed on the pipeline;

— guidelines for the safe operation of the CP system;

— maintenance procedures.

All items

.............

14 Operation, monitoring and maintenance of CP systems

14.1 General

Details offinspection and monitoring shall be performed in accordance with Annex D. Details of int

are given

14.2 Mo

in Annex E. See ISO 21857.

pitoring plans

A monitoring plan shall be written as part of the design.

The moni

foring plan should consider the following:

— required types of measurement, such as pipe-to-seawater potentials, anode potentials, anod
outpyts, visual inspection of anode dimensions, pipglifie isolation testing, etc.;

— locatjons at which measurements are to be carried out;

— any permanent monitoring facilities;

— requifred monitoring installations and equipment to carry out such surveys;

— descifiption of the techniques to be'used, such as monitoring by divers, ROVs, trailing wires, t

etc,;

is description shall alsg.include methods for accurately locating the pipeline, and the con

phas¢ requirements concerning the acquisition of navigation data for this purpose;

— freq
This plan

ncy of each type-ofmeasurement.

shall be part-of.the operating and maintenance manual.

14.3 Repair

Remedial
longer m

meéasures shall be implemented if periodic surveys and inspections reveal that prof

erference

e current

pwed fish,
Struction-

ection no

ets’the design criteria. In such cases the installation of additional anodes can be required.

Continuity cables can be attached to the pipeline by mechanical fixing devices or by welding to an approved
procedure (e.g. friction welding). Electrical resistance of such connections should be less than 0,1 Q.

NOTE

Mechanical fixing devices have been found to be less reliable, but can be simpler to install.

Future inspections should include checks on all retrofitted galvanic anodes which rely upon mechanical
contact with the pipeline for electrical continuity (e.g. the measurement of potential on both the anode and

the pipeli

ne immediately adjacent to the attachment point).
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Annex A
(normative)

Galvanic anode CP design procedures

A.1 General

el 1 1 11 1 : 1 FalPal oY 1 1 1 : 1
AnneX A JPETITICS tITe aetdaricu UGCSIgII Pproccaurcs Orur SySLEIILS DdSCU Ul gdIvdlIlit dI10UCS.

A.2 Subdivision of pipeline

Pipelines|may be divided into sections where changes in conditions, such as water depth,

temperatjire or burial, can give rise to variations in design current density:.

A.3 Surface area calculations

operating

For each pipeline section, the surface areas to receive CP shall be calcilated separately where qonditions

cause different current requirements.

Components to be connected electrically to the pipeline, such as.risers, expansion loops, tie-in spo

Is, valves

and tees, shall be included in the surface area calculations, if‘this equipment shall be protected by pipeline

anodes.

A.4 Current demand calculations

From the pipeline dimensions and the coating selected, the mean current demand (I.,,,) and the fingl demand

(I.¢) shall|pe calculated separately from Formula (A.1).

I.=A. X f.XI.

where

1. s the current demand for a specific pipeline section calculated for mean and final con

Hmperes;

fe s the epating breakdown factor determined for mean and final conditions (see 7.5);

¢ [|scthe total surface area for a specific pipeline section, in square metres.

(A1)

litions, in

c s the currentdensity, selected for mean and final conditions (see 7.4), in amperes per square metre;

A.5 Selection of anode type and dimensions

The type of anode shall be determined from fabrication, installation and operational considerations.

The internal diameter of bracelet anodes shall be determined from the nominal outside diameter of the pipe

and should consider the specified coating thickness, pipe diameter tolerances and pipe ovality.

For pipeline bracelet anodes mounted flush with the concrete coating, the thickness of the concrete coating

layer shall be taken into account when determining the overall dimensions of the anode.

The anode dimensions shall be sufficient to meet the required current demand at the end of the design life.
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A.6 Total anode mass calculations

The total net anode mass required to maintain CP throughout the design life shall be calculated for each
section of pipeline in accordance with Formula (A.2).

8760

m=Icthle (AZ)
UXE

where

m is the total net anode mass, for the specific pipeline section, in kilograms;

Icm ib .l,}lC IHIcdIr Cur 1 Cll.l, L‘lcllldlld lrUl ‘LIIC b[JCLifiL pipcliuc bCL‘LiUll, ill cuupu cS,

tal is the design life, in years (7.3);

€ is the electrochemical capacity of the anode material per kilogram (8.3), in ampere houfs;

U is the utilization factor (8.4).

A.7 Calculation of anodes, dimensions and net mass

The final dimensions and net mass of the individual anodes shall be optimized, by carrying out a pumber of
re-iteratiye calculations, using Formulae (A.3) to (A.7).

The total pet anode mass is given by Formula (A.3).

m=nKm, (A.3)
where
n s the number of anodes to be installed«on the specific pipeline section;

m |s the total net anode mass, in kilograms, for the specific pipeline section [from Formula [A.2)];

m, |s the individual net anode mass, in kilograms.

The minifnum number of anodesm 'shall be determined considering the maximum allowable anode spacing
(see 8.1).|For bracelet anodes,anode spacing is set at a fixed number of field joints. For sled anodes, the
anode spdcing is usually setcat-dn easily defined spacing (e.g. the calculated spacing may be 1 187 m but a
spacing of 1 000 m is selected).

NOTE1 |[The anode manufacturers usually have standard-size moulds available for specific line sizes} Although
Formula (4.3) is corregt,in practice n and m, are selected using Formula (A.4).

m>nlx ma (A4)

The required end-of-iffe tndividuaanode currentoutput, 1, shatt be catcuiated from Formuia (A-5].

I
I ==L (A.5)
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s the required end-of-life individual anode current output, in amperes;

I.¢ 1is the total current demand for the protection of the specific pipeline section at the end of life, in
amperes;

n i

s the number of anodes to be installed on the specific pipeline section.

For a given anode size and mass, the actual individual anode current output at the end of life, I, is calculated

from Formula (A.6).

2XTXL r

E.—E

L =F—— A.6

af Ra )
where

I; ip the actual end-of-life individual current output, in amperes;

E, ip the design closed-circuit potential of the anode, in volts (see Table 5);

E. ip the design protection potential, in volts, i.e. minimum negative potential (see Table 1);

R, i the total circuit resistance, which is assumed to be equivalent to the anode resistancg, in ohms

(kee A.8).
For determining the end-of-design-life anode-to-seawater resistance, the anodes shall be assurped to be
consumed to an extent given by their utilization factor. The approximate anode dimensions corrg¢sponding
to this degree of wastage shall be used in the anode resistasice formula for R, (see A.8).
To provide the required current, the actual anode cutrent output shall be greater than or equal to the
required furrent output, see Formula (A.7):

Le> 1 (A.7)
Formulae| (A.4) to (A.7) should be used to-optimize the number, size and individual mass of the pnodes to
be used. For anodes that meet the criteria of Formulae (A.4) and (A.7), an economic optimizatiqn may be
carried ofit considering anode fabrication and installation cost.

A.8 Anpde resistance formulae
Individual anode resistance shall be calculated as follows:
a) for bijacelet anodes and short flush mounted anodes, see Formula (A.8):

R, =P315% - (A.8)

VA
b) for long slender stand-off anodes, see Formula (A.9):
4L
=P x(ln——l} (A9)

c) for short slender stand-off anodes, see Formula (A.10):

p

a

d) forlong flushed mounted anodes, see Formula (A.11):

© IS0 2024 - All rights reserved

35

2 2
I R TN Y LA B PR T (A.10)
2xmxL r 2L 2L 2L


https://standardsiso.com/api/?name=e4eb4b9004e0f8f9d0d048b904445c1d

ISO 15589-2:2024(en)

R, =1t (A.11)

R, isthe anode resistance, which is assumed to be equivalent to the total circuit resistance, in ohms;
p  isthe environmental resistivity, in ohm metres;
L  isthelength of the anode, in metres;

r  is the radius of the anode, in metres;

A  ip the exposed surface area of the anode, in square metres;
S ip the arithmetic mean of anode length and width, in metres.

Anode repistance increases due to interference when groups of anodes are placedcin’close proximity. To
compensdte for close proximity between anodes, the calculated resistance (initial and final] shall be
increased by multiplying it by a factor corresponding to the reduction in active ahode surface.

Figure A.] shows typical variations of resistivity with temperature for salinityof 3 % to 4 %.
Y

0,35

0,3

0,25

0,2

temperature, °C

seawater resistivity, p, (1-m
salinity 3,0 %

salinity 3,5 %

salinity 4,0 %

w N R =< X

Figure A.1 — Seawater resistivity as a function of temperature for salinities 3,0 % to 4,0 %
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For anodes exposed to seabed environments, the resistivity should be assessed by measurements or
previous experience. If no data are available, 1,5 Q-m should be used.

For non-cylindrical anodes, the radius, r, in Formula (A.9) shall be calculated from Formula (A.12).

C

r=—

2T

where

r  is the radius of the anode, in metres;

C ip

ctha ananda cracc . cactional narimatar 1n matrac

Other ang
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the desigh calculations at the extremes of the expected conditions. If thé difference between the {

designs is
the two d

EXAMPLE
requireme

EXAMPLE
increases

production than in the later high-temperature period. Since the anode operating temperature can change

the electrd

EXAMPLE
deepwatet]
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at anode cfirrent densities below 1 000 mA/m?2.
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de resistance equations may be validated by theory and/or testing.

5ign adjustments for varying conditions

hg breakdown factor, f, and the electrochemical capacity, ¢, used in the‘typical CP desig
perating conditions for the pipeline do not vary over the life of the pipeline. If this assu

small, the most conservative design should be used. Howewet, if the number of anodes re
bsigns is significantly different, a design that addresses these changes may be developed

nts during the period prior to start-up are less due to the, cooler temperature.

2 For buried flowlines that can experience incréasing operating temperatures as water |
later in its operating life, cathodic current.nequirements are much less during the initial

chemical capacity can vary as the temperature increases.

3  Pipelines with exceptional coatingiquality and a high cathodic current density requireme
insulated lines, can require such small amounts of current that the anode current density of a co|
elet design is below 1 000 mA/m2. The electrochemical capacity of aluminium alloys is not a con

ctrochemical capacity is usually tabulated as high and low temperature values at anod
in excess of 1 000 m@A/m?2. For normal operating temperatures less than 50 °C and anoq
pver 1 000 mA/m#%,this variation may be ignored.

Examples 2 and.3 listed above describe applications that fall either outside the normal anodg
r where the-operating conditions change over the life of the anode (as an example, see Figure
es of anode ‘electrochemical capacity versus anode current density for two specific temperature
tions, thexanode electrochemical capacity, &, changes over the life of the pipeline.

To accou

should be

m=

A.%x8760
BTN,

1t for these changlng condltlons a smgle Value for the anode electrochemlcal capac1t)

(A.12)

n assume
mption is

°t, the values used in Formulae (A.1), (A.2) and (A.6) are not constants, but vary as the pperating
5 change. The impact of these varying conditions upon the CP designmay be evaluated by repeating

wo anode
quired by

1  For high-temperature pipelines installed several years)before the start of production, cathoglic current

broduction
period of
with time,

ht, such as
hventional
tant value

c current
e current

operating
|A.2 which
ranges). In

 may not

revised by ormula (A. 13]

where i, f. and € are not constant values but vary over the design life of the pipeline.

hula (A.2)

«Lae (A.13)
&

Information about € as a function of temperature and/or current density may be obtained in accordance
with Annex C. Normally, these calculations are performed as numerical integrations using a spreadsheet
that allows the annual value for m to be calculated and then summed over the life of the pipeline.
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Figure A.2 — Aluminium anode performance insseawater at low current densities
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Annex B
(normative)

Attenuation of protection

B.1 General

Once the
approxim
Using the
potential
anodes).

ate check on the suitability of the anode distribution can be carried out using attenuation
se formulae, it is possible to obtain an indication of the distribution of the pipé-t0-e
and the current flowing onto the pipeline a function of the distance from the ‘drain p

B.2 NORSOK procedure

The procg

Reference
drop, ort
breakdow
half-way |

dure given in this clause shall be used for determining the maximum distance between 3

[15] provides further information for this method. Using this method, the maximu
ne maximum distance between anodes, is calculated by assuming that the whole area wi
n is located halfway between the anodes. Accordingly,‘all’CP current shall be assume
petween anodes.

The voltdge drop (or potential increase) between two an@des for a CP design based on anodg

distribute

AEy

e

where

d along the pipeline should be calculated using Formula (B.1).

_ LdZXpMeXincfXD

+AE
A 4xdx(D-d)

+ R, XIXWXDX f¢ XLy

is the IR drop due to transporting the current from anode to cathode, electrolytic potentia
is the IR drop due to'transporting the current in the pipe wall, metallic potential drop|
is the anode resistance (2);

is the resistivity of the pipe wall material (Q m);

is thedistance between anodes (m);

js the current density (A/m?2);

nex A, an
formulae.
lectrolyte
oints (i.e.

inodes.

n voltage
th coating
1 to enter

s equally

(B.1)

drop (V);
(V);

ratlaa £ ] 43 L. 1-l £ 4 L 7L
IS5 LIICT TI1IdI LUClLllls UI'CARNUUVWIT 1dULUIL \DCC I-J_},
is the pipeline outer diameter (m);

is the pipeline wall thickness (m).

For anodes distributed along a pipeline, loss of one anode shall be taken into account when calculating the
maximum distance between the anodes; see also 8.1.
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For a CP design with anode banks located at the pipeline ends only, the voltage drop (or potential increase)
between the two anode banks should be calculated using Formula (B.2).

Ld2 X Ppe XIX fep XD Ry XIXTXDX f X Ly
4xdx(D—-d) 2

AE N, + AE ), = B.2
Me A

Formula (B.2) is valid only if the pipeline section and the anode pipe joints are unaffected by other
installations at the pipeline ends. If this condition is not fulfilled and such structures can draw current from
the anodes, then the last part of Formula (B.2), which represents the voltage drop from the anode, shall be
further developed to account for such effects. A special assessment of the anode voltage drop shall also be
made when the pipeline is protected from anodes on a structure at the pipeline end. In cases where end
mounted anodes are used in combination with anodes or anode spools along the pipeline, a combination of
Formula (|B.1) and Formula (B.2) shall be used.

Formula [B.3) can be used to calculate the distance between two anodes for design based qn anodes
distributgd along the pipeline.

- . 2 PMe lef fef D
_Raf'lcf'TC'D‘fcf+\/(Raf'1cf’n‘D'fcf) .

d-(D-d)
L = " (B'3)
max PMe lef “ fer - D
2-d-(D-d)
where:
Lax | 1s the maximum distance between pipeline bracelet anodes (m);

R,¢ | is the anode resistance or anode bank resistance at'final condition (£);
Iof is the final current density (mA/m?);

D is the linepipe outer diameter (m);

fer is the final coating breakdown factor;

Pme | is the specific resistivity of linépipe material (2 m);

d is the linepipe wall thickness' (mm);

AE | is the driving voltage (mV).

In the event that anode banksZre located at the pipeline ends only, Formula (B.4) can be used as bafis for the
calculatigns. The formula.gives the maximum anode spacing between the anode banks.

"Raf 'icf 'ﬂ'D'fo +\/(Raf 'icf 'n'D'fcf )2 +4'%'AE
Ly = . (B.4)
PMe “Icf 'fcf -D
d-(D—d)
Formula (B.4) is only directly valid if the pipeline section and the anode banks are unaffected by other
installations at the pipeline ends. If this condition is not fulfilled and such structures can draw current
from the anodes, the last part of the equation, which describes voltage drop from the anode, shall be further
developed to reflect this situation. Also, if the pipeline is protected from anodes on a structure at the pipeline
end, a special assessment of the anode voltage drop is needed.

In cases where end mounted anodes are used in combination with anodes or anode spools along the pipeline,
a combination of Formula (B.3) and Formula (B.4) should be used.
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B.3 Alternative method

The procedure given in this clause may be used for checking the suitability of the anode distribution.

Figure B.1 provides an illustration of the potential and currents as a function of the distance from the drain

point.
Eo, Lo EX, LX EL' LL
X 4{
L
1
Key
1  drainjpoint

NOTE The symbols used in this figure are defined in Formulae (B.5) and (B#6):
Figure B.1 — Drain point definition
For a pipgline with multiple drain points (anodes) at a uniforfispacing of 2L, the potential, E,, anfl current,
I,, at any dlistance x from the anode shall be calculated usingformulae (B.5) and (B.6):
cosho (L—x
E,=F x# (B.5)
coshal
sinho (L—-x
I, = X# (B.6)
sinholL

where

E, is the pipe-to-electrolyté potential shift at the drain point (anode), in volts;

E, is the pipe-to-electrolyte potential shift at a distance x from the drain point, in volts;

I, is the currentflowing onto the pipe at the drain point (anode), in amperes;

I, is the carrent flowing onto the pipe at a distance x from the drain point, in amperes;

L ishalfthe distance between drain points, in metres;

a is the attenuation constant for the pipeline section and is equal to \/R_L ;

t
is the linear electrical resistance of the section of the pipeline, in ohms per metre, and is given by:
R
L R, __P :
AW
: : : : R,
Ry is the leakage or transverse resistance, in ohm metres, and is equal to D ;
n o
R, is the pipe-to-electrolyte insulation resistance, in ohm square metres;
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is the specific resistance of the pipeline material, in ohm metres;
is the outer diameter of the pipeline, in metres;

is the cross-sectional area of the pipe wall, in square metres.

A value for the insulation resistance R, should be selected based upon practical experience and consider the
following:

— type of coating;

— exposure conditions such as to seawater or seabed sediments;

— desig
life;

— pipel

The linea

Alternatiy

[SO 13623.

h life of the pipeline and anticipated progressive reduction in coating resistance over t

ne installation method and projected extent of coating damage.

" electrical resistance of the section of the pipeline R; may be calculated frofm;Formula (H

P
o n(DZ - D7)

5 the outer diameter of the pipeline, in metres;
5 the inner diameter of the pipeline, in metres;
5 half the distance between the drain points, in metres.

rely, values for the electrical resistance for standard pipe sizes may be obtained from

e design

.7):

(B.7)

tables in
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Annex C
(informative)

Performance qualification testing of galvanic anode materials

C.1 General

This anngxprovidesaprocedurefor taboratory testimgfor determmimimg performmance vatoesfor galvanic
anodes infa given environment as a qualification of the anode alloy.

The performance of galvanic anode materials may also be validated by field experience, either by Wsing data
from morfitored anodes or by dedicated field-testing of full-size anodes.

Performahce qualification testing is typically carried out for new (nominal) anodecompositiops and/or
foundry, gnd whenever there is a need to verify anode material performance.

C.2 Tegting

Long terth performance of an anode alloy may be evaluated by testing in accordance to DNW-RP-B401
Section 10.
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Annex D
(normative)

CP monitoring and surveys

D.1 General

A numbe
of monitd
requirem

A post-in

with D.6.1.

Further s
— CPdsg
— resul
— Trepor

— Dpresq

and 4

— poter]
with

If the pip¢
be perfor

D.2 Toj

Measurern
reference
riser abov
be lowerg
be record

NOTE 1
However, 3

When div}

Uf lllCLhUdb IIldy ‘UU clupluycd Lo lllUlliLUl Lilt! tfflreLLiVUllt!bb Uf Ulrfthle pipciiuc CP. The leVel
ring shall be commensurate with the criticality and condition of the pipeline, and*minimum
bnts of regulations.

stallation survey should be carried out within 12 months of pipeline installation in a¢cordance

irveys should be considered based on:

sign and anode performance in accordance with this document;
's from the initial survey;

ted excessive anode consumption;

nce of coating damage which may result in breakdown factors larger than those given ih Tables 3

g

tial interference with/from neighbouring pipelines and structures, if applicable, in a¢cordance
SO 18086 and ISO 21857.

line is to remain in service beyond its,obiginal design life, then at least one potential sufvey shall
med within the last 5 years of the design life of the CP system (see D.6.2).

pside potential monitoring

hents of potentials applied to pipeline risers may be carried out by using a simplg portable
electrode and a conventional voltmeter. The voltmeter negative terminal shall be connedted to the
e the water line, and-the positive terminal to the reference electrode. The reference electfode shall
d into the water@longside and, to ensure accuracy, as close as possible to the riser. Potenftials shall
ed at differentdepths determined from markers attached to the reference electrode cab

Motion of-the water and loss of visual contact with the reference electrode reduces measuremenit accuracy.
ccuracy'can be restored if a diver is employed to ensure good positioning of the reference electrgde.

ers’or'ROVs are used for measuring potential, specially designed contact probes shall befused (see

D.4.3). Elg

NOTE 2
structure.
pipeline.

ctrical contact between the riser and host structure shall be checked prior to readin

The potential of risers can be influenced by the host structure if in electrical contact with the host
However, the potential of the riser is not necessarily a good indicator of the potential profile along the whole

The potential on short pipelines running between two platforms may be modelled using attenuation
equations, and the worst-case potential value predicted from the potentials measured at the extremities.

Potential

measurements shall be carried out at intervals along the pipeline for verification of model

reliability.
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D.3 Visual inspection

Visual inspection of unburied sections should be carried out when necessary to check the condition of the
pipe, coating and CP system. The type of data to be gathered during the inspection shall be documented
prior to the inspection and be appropriate for the needs of the pipeline.

NOTE Direct visual inspection by divers or ROV cameras can disclose deficiencies of a CP system, such as damaged
or missing anodes, damaged cables, excessive anode consumption. Apparent corrosion damage or rust discoloration
can be another sign of under-protection. Low anode consumption can indicate passivation, and heavy calcareous
deposits close to the anodes can indicate overprotection.

Galvanic anode surfaces should be cleaned before any physical measurements of anode dimensions are
taken.

D.4 Potential measurements

D.4.1 Ggneral

Potential neasurements should be taken to assess the performance of the CP systémin accordancq with this
document.

The objeftive of potential measurements is to determine the actual potential at the pipe-tojseawater
interface ith respect to a reference electrode, such that the effectivenessyof CP can be assessed. Afceptance
criteria afe given in Table 1 and may be converted for different reférence electrodes as detailed in D.4.2.
Normally]it is difficult to measure pipe-to-seawater potentials directly, as bare steel is not usually|available.
In such cqses, indirect potential measurements should be considered.

Potential measurements should also be taken at galvanic anodes to obtain information on their performance.

When CP fis achieved using impressed-current systems, thé potential shall be measured with the protective
current applied.

NOTE1 |[The value includes the voltage drop across(the steel/water interface, and also includes the voltdge drop in
the seawater between the reference electrode andithe pipe.

In most dircumstances, except near impfessed-current anodes, the voltage drop in the seawat¢r may be
taken as ero.

Test equipment shall be maintained and periodically calibrated. Reference electrodes shall be|routinely
calibrated against a standard laboratory-grade reference electrode.

Referencd electrodes shall.bejpositioned as close to the pipeline as practical, in particular for meaqurements
of anode potentials with~large voltage drops in the seawater adjacent to the anode. In these cages, the IR
drop shal] be compensated for when interpreting the measured anode potential in terms of the tfue anode
potential.

Electrical| safety shall be observed when divers work on pipelines protected by an impressed-cprrent CP
system.

The steel/sea water potential shall be measured to determine whether a structure is adequately protected.
For such measurements, connections shall be made to both the structure and the electrolyte.

NOTE 2  The connection to the structure is a simple metallic one but, for the connection to the electrolyte, a metal
conductor is introduced into the electrolyte. This conductor introduces its own electrode potential, which inevitably
becomes included in the measured value. This situation can be resolved by using a conductor of reproducible and
defined electrode potential; this is called a reference electrode. Irrespective of the type of reference electrode used,
it is essential that it be placed very close to the metal surface as the measurement of the potential difference between
the metal surface and the electrolyte can be considerably affected by the potential drop produced by the protection
current as it flows through the surrounding electrolyte to the structure. This effect, known as the IR drop, has the
effect of making the measured potential more negative than the actual potential at the metal/electrolyte interface.
The IR drop is dependent on electrolyte resistivity and is particularly relevant to buried structures. The resistance of
any coatings also has an effect.
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D.4.2 Reference electrodes

Reference electrodes such as the saturated calomel electrode or various silver/silver chloride electrodes
with different concentrations of KCl electrolyte may be used as master reference electrodes. Two electrodes
in the same assembly, to give an on-line cross-calibration, should be considered for potential-monitoring
devices.

NOTE1 Saturated calomel electrodes or silver/silver chloride/potassium chloride electrodes are not often used for
monitoring and controlling cathodic protection systems in seawater because they are insufficiently robust for field
use. Reference electrodes used more often in the field are silver/silver chloride/seawater electrodes or high-purity
or anode-alloy-specification zinc electrodes. These electrodes are considered sufficiently accurate for most practical
purposes even if the electrolyte is not fully defined and reproducible. The silver/silver chloride/seawater (Ag/AgCl/
seawater) electrode is the most widely used electrode for seawater applications, particularly in conjunction with
portable njonitoring equipment.

Other reference electrodes that may be used in place of the Ag/AgCl/seawater reference electrode are
described below, with the respective protection potentials for carbon steel equivalent to/the=0,8( V versus
Ag/AgCl/seawater criterion.

a) Saturfated copper/copper sulfate reference electrode (CSE). The least negative potential measured
againjst this electrode shall be -0,85 V. This electrode is more commonly 'employed for defermining
the lgvel of protection on onshore pipelines and is not sufficiently stable in seawater for Jong-term
immdrsion in this environment. It is not recommended for use in seawater.

b) High-purity metallic zinc electrode. “High purity” (ASTM B418, type1l, or EN 12496, alloy tyge Z2) or a
zinc dlloy used for anode manufacturing (US Mil Spec A-18001K or EN 12496, alloy type Z1 of Z3) have
a modlerately stable potential in seawater and are sometimes{used as a reference electrode.|However,
zinc ¢lectrodes are less accurate than silver/silver chloride veference electrodes, and are mgstly used
in permanent monitoring applications. For permanent installations, a small anodic current sHould pass
throygh the surface to keep it clean and active. The\l€ast negative potential for effective CP |of carbon
steel persus the zinc/seawater electrode is +0,25 V.

c) Saturfated calomel reference electrode (SCE). This'electrode comprises mercury and mercurous chloride
in a spturated solution of potassium chloride. The least negative potential for effective CP of{low-alloy
steel s —0,78 V. This electrode is not normally used for site surveys and is more suitable for lpboratory
appli¢ations. This electrode is being replaced due to environmental concerns.

d) Saturfated silver/silver chloride (Ag/AgCl/saturated KCI). This electrode is similar to the silver/silver
chlorjde/seawater electrode, except that the silver/silver chloride is immersed in a saturated qolution of
potagsium chloride and the potential is not affected by the salinity (or resistivity) of the seawater. The
least hegative potential for effective CP of low-alloy steel using this electrode is -0,76 V. As with SCE, the
saturpted silver/silver chloride electrode is more suitable in laboratory applications.

Referencd electrodes used in the field shall be periodically checked with a master reference |electrode
having a yalid calibration certificate. The master electrode shall be calibrated periodically with a minimum
frequency of once@ year to a primary calibration reference electrode.

Referencd electrodes such as the saturated calomel electrode or various silver/silver chloride ¢lectrodes
with diffgrént concentrations of KCI electrolyte may be used as master reference electrodes.

NOTE 2 A standard hydrogen electrode (SHE) is an electrode used for reference on all half-cell potential reactions.
This electrode considers the fugacity coefficient for hydrogen gas and the activity coefficient for H* ions but is
practically impossible to manufacture.

D.4.3 Contact probes

Potential measurements may be made above water using a conventional voltmeter connected to the
reference electrode via a cable, and a second cable from the metal tip of the contact probe to the negative
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