This is a free page sample. Access the full version online.

ish dard
Zonsal (e

Standards

General principles of cathodic protection in
seawater

© CEN 2014 No copying without NSAI permission except as permitted by copyright law.




This is a free page sample. Access the full version online.

I.S. EN 12473:2014

Incorporating amendments/corrigenda/National Annexes issued since publication:

The National Standards Authority of Ireland (NSAI) produces the following categories of formal documents:

1.S. xxx: Irish Standard — national specification based on the consensus of an expert panel and subject to public consultation.
S.R. xxx: Standard Recommendation — recommendation based on the consensus of an expert panel and subject to public consultation.

SWIFT xxx: A rapidly developed recommendatory document based on the consensus of the participants of an NSAl workshop.

This document replaces/revises/consolidates the NSAl adoption of the document(s) indicated on the
CEN/CENELEC cover/Foreword and the following National document(s):

NOTE: The date of any NSAI previous adoption may not match the date of its original CEN/CENELEC
document.

This document is based on: Published:
EN 12473:2014 2014-02-12
This document was published ICS number:
under the authority of the NSAI
and comes into effect on: 47.020.01
77.060

2014-02-22

NOTE: If blank see CEN/CENELEC cover page

NSAI T +353 1807 3800 Sales:

1 Swift Square, F+353 1807 3838 T+35318576730
Northwood, Santry E standards@nsai.ie F +353 18576729
Dublin 9 W NSALie W standards.ie

Udaras um Chaighdedin Ndisiinta na hEireann




This is a free palqessarEnRje. Access the full version online.

12473:2014

EUROPEAN STANDARD EN 12473
NORME EUROPEENNE
EUROPA'SCHE NORM February 2014

ICS 47.020.01; 77.060 Supersedes EN 12473:2000

English Version

General principles of cathodic protection in seawater

Principes généraux de la protection cathodique en eau de Allgemeine Grundsatze des kathodischen
mer Korrosionsschutzes in Meerwasser

This European Standard was approved by CEN on 16 November 2013.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning such national
standards may be obtained on application to the CEN-CENELEC Management Centre or to any CEN member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CEN member into its own language and notified to the CEN-CENELEC Management Centre has the same
status as the official versions.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and United
Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

CEN-CENELEC Management Centre: Avenue Marnix 17, B-1000 Brussels

© 2014 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 12473:2014 E
worldwide for CEN national Members.



This is a free palge samﬂe. Access the full version online.
.S. EN 12473:2014

EN 12473:2014 (E)

Contents Page
Lo (=21 ) c 4
1 85T o o - SN 5
2 NOIrMAtiVe FefEreNCES .......uueeiieiiiicc e r e s s s mn s e e e e s e e s s smnn e e e eesen s s snmnneeeessanssnnnnnnes 5
3 Terms, definitions, abbreviations and SYmMbOIS .........ccccciiiiccccieeini e e 5
4 Application of cathodic protection in seawater...........ccccei i ————— 9
4.1 (€71 4 =T - N 9
4.2 Galvanic anode Method ... e s s s s smnr e e e ee s e nnnen e e e e e nnnnnn 9
4.3 Impressed current Method ... nnn 10
4.4 L 3V oo B35 (=T 1 1P 10
5 Determination of level of cathodic protection .........ccccccccoiiiiic s 12
5.1 Measurement of Protection [@Vel..........iiiiiicccccciiri s e mn e e e e s nnnn 12
5.2 Reference €leCtrodes ........ciiiiiiiccciiciiir i ceerr s s e s sm s e e e e e s s s snme e e e e ee s e s nnne e e e e nen e nnnnn 12
5.3 Potentials of reference electrodes ... s e s 12
5.4 Verification of reference electrodes...........cccciiriiiiciisimiiiiinn s s nmn e 12
5.5 Potential mMeasurement ........ .. nnnn 12
6 Cathodic protection potential Criteria..........cccoccciiiiiiii e 13
6.1 (€71 4 =T - S 13
6.2 Carbon-manganese and Iow alloy StEelS .........cccccceiriiiiiiiccrnerre e see e e mne e e e e as 13
6.3 (07011 o 0 1=1 = 1] F T2y 1 F= 1 =Y - 1SS 15
L i N € 7Y o = - | S 15
L 0 = T {3 =Y £ 15
L T T T2 1= = 1] oY 16
L T S N LW 4 0 18 T L0 = 1] o7 16
[ T T 00 o oY1 - 1] o 3£ S 17
7 Design CONSIAEratioNS ........ccccciiiiiiniiiiisisssssss s s s s sssssssssssssssssssssnsssnsnsssnsssssnnnnnnn 17
71 INEFOAUCEION ... s s s s s s s snsssssssssnsnsnsnssnnsnnnnnnnnnnn 17
7.2 Technical and operating data...........cceueiiieiiiimimiminn s ssssssssssssssssssnssnnnnns 17
00 R =3 T | o TN - S 17
7.2.2 Materials of CONSIIUCHION ... e e s mn e e e e s e mmmnn e e e s 17
7.3 L5701 = Te=X30 Lo TN o T30 o] e =Y e3 T IS 18
7.4 Protective COatings.......ccccciiiiiiinininirrrnsrssssssssss s s sssssssssssssssssssssnsssssnsssnsnssnnnnnnnn 18
7.5 Availability of electriCal POWET ... asn e s mn e e e e e s s s nnmnn e e e s 18
7.6 Weight limitatioNs ........ccoviiiiiiiiiiie s r s s s e e e e rs e s e s s s s seressnnssssnnssnnnnnnnnnnnnns 18
7.7 AdJacent SEFUCLUIES ......cceiiiiieiiiiieieis s e s s s s s s s s s rs s s s srs s s sr s s s s srsssrsssssssssssssssnsnnsnnsnnnnnnnnnnnnnnnnnnnnnnns 18
7.8 Installation conSiderations ... nnnn 18
7.9 {0 ¢ =1 0¥ o £=1 3 0 = ' T SR 19
8 Effect of environmental factors on current demand ..o 19
8.1 1 o T W] o2 T o 19
8.2 [ TETSTo] AV7=T o [0 )4 o =Y o 19
8.3 8T o 1] =T 31 S 19
8.4 (0 1 o= =Y o 10 T3 L=1 oo X7 | PR 19
8.5 L= 1] 2= LT PP 20
8.6 R 3112 20
8.7 0] o 21
8.8 1 =TT V=30 e |13 T S 21
8.9 31T oY o =T o o S 21
8.10 Seasonal variations and StOIMS.........cciiicciiriiiiiiirc e s e e e e s s smn e e e e e e se s s s nnmnnenees 21



This is a free palgessaEﬂe;lAzciess the full version online.

3:2014
EN 12473:2014 (E)

9 Secondary effects of cathodic protection...........cccccviiiiiniicni e —————— 21
9.1 =Y 4 =T - 21
9.2 Y |- 14117 22
9.3 Environmentally-assisted cracking ........cccccccmiiniimminimmr s 22
L2 T T R € 7= o - - | 22
9.3.2 Hydrogen embrittlement..........coccoiiiiiii i ——————————— 22
9.3.3  CorroSion fatigUe.........ccciiiiiiiiminiiii s ————————— 22
9.4 0 5] ' 4o - 23
9.5 Stray currents and interference effects ........c.cccoccriiiiinni e —————— 23
10 Use of cathodic protection in association with coatings...........cccvriiminiiini e, 24
10.1 L e Yo 11 T o) o TP 24
10.2  Coating SEIECHION.......eeee e e mmn e 24
10.3  Coating breakdOWNN ... me s e s e e mnn e e e e e ea e mmn e e e e e aan 25
Annex A (informative) Corrosion of carbon-manganese and low-alloy steels............cccceiriinriniirnniiinennn 26
A1 Nature of metallic COrTOSION.........o e e 26
A.2 o = T 2 1 T ) o N 27
Annex B (informative) Principles of cathodic protection..........cccoocvviiiiiiciiiniics 30
Annex C (informative) Reference electrodes ..........ccccoiiiiiriinimnnsnr s 33
(0| =Y 4 =T - 33
C.2 Silver/silver chloride/seawater electrode............cccciiiiiiinnisi i ————— 33
CJ3 The zinc/seawater eleCtrode....... .. 35
C4 Verification of reference electrodes ..o —————— 35
Annex D (informative) Corrosion of metallic materials other than carbon-manganese and low-

alloy steels typically subject to cathodic protection in seawater ..........ccccoooiiiiiiiiciiiccciee 37
DA StAINIESS SLEEIS.... . e n e e s mn e n e s 37
D.2 A T2 0= = | o 37
D.3 AlUMINIUM AlIOYS ...t s 37
D4 Lo o 7= -1 1 (o V= 38
7] o 1o o =T o T/ 39



This is a free paFe samﬂe. Access the full version online.
.S. EN 12473:2014

EN 12473:2014 (E)

Foreword

This document (EN 12473:2014) has been prepared by Technical Committee CEN/TC 219 “Cathodic
protection”, the secretariat of which is held by BSI.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by August 2014, and conflicting national standards shall be withdrawn at
the latest by August 2014.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN 12473:2000.

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom.
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1 Scope

This European Standard covers the general principles of cathodic protection when applied in seawater,
brackish waters and marine mud. It is intended to be an introduction, to provide a link between the theoretical
aspects and the practical applications, and to constitute a support to the other European Standards devoted to
cathodic protection of steel structures in seawater.

This European Standard specifies the criteria required for cathodic protection. It provides recommendations
and information on reference electrodes, design considerations and prevention of the secondary effects of
cathodic protection.

The practical applications of cathodic protection in seawater are covered by the following standards:

— EN 12495, Cathodic protection for fixed steel offshore structures;

— ENISO 13174, Cathodic protection of harbour installations (ISO 13174);

— EN 12496, Galvanic anodes for cathodic protection in seawater and saline mud;

— EN 13173, Cathodic protection for steel offshore floating structures;

— EN 16222, Cathodic protection of ship hulls;

— EN 12474, Cathodic protection of submarine pipelines;

— 180 15589-2, Petroleum, petrochemical and natural gas industries — Cathodic protection of pipeline
transportation systems — Part 2: Offshore pipelines.

For cathodic protection of steel reinforced concrete whether exposed to seawater or to the atmosphere,
EN ISO 12696 applies.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

EN 50162, Protection against corrosion by stray current from direct current systems

EN ISO 8044, Corrosion of metals and alloys — Basic terms and definitions (ISO 8044)

3 Terms, definitions, abbreviations and symbols

For the purposes of this document, the terms and definitions given in EN ISO 8044 and the following apply.
NOTE The definitions given below prevail on their versions in EN ISO 8044.

31

acidity

presence of an excess of hydrogen ions over hydroxyl ions (pH < 7)

3.2

alkalinity
presence of an excess of hydroxyl ions over hydrogen ions (pH > 7)
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