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Foreword

This European Standard 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by endorsement, at the latest by October 2001, and conflicting national standards shall be withdrawn at the latest
by October 2001.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Czech Republic, Denmark, Finland,
France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland and the United Kingdom.
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Introduction

Cathodic protection, together with a corrosion protection coating, is usually applied to protect the external surface
of submarine pipelines from corrosion due to sea water or saline mud.

The corrosion protection coating is applied on the external surface of the pipeline to insulate the steel surface from
the aggressive environment into which the pipeline is surrounded.

The cathodic protection ensures the protection of the areas of the pipeline which are directly exposed to the
aggressive marine environment due to damage or defects in the coating.

The cathodic protection supplies sufficient direct current to the external surfaces of the pipeline to reduce the pipe
to electrolyte potential to values where there is insignificant corrosion.

The general principles of cathodic protection are detailed in EN 12473.

1 Scope

This European Standard establishes the general criteria and recommendations for the design, installation,
monitoring and commissioning of the cathodic protection systems for submarine pipelines.

This standard is applicable to all grades of carbon manganese steel and to stainless steel pipelines; it covers all
types of sea water and seabed environments encountered in submerged conditions.

The cathodic protection of short lengths of submarine pipelines and their branches, which are directly connected to
cathodically protected onshore pipelines, are outside of the scope of this standard (see EN 12954:2001).

The cathodic protection of risers is included in this standard only if they are insulated from the supporting structure.
The cathodic protection of the risers in direct electrical contact with the supporting structure is included in
EN 12495.

2 Normative references

This European Standard incorporates by dated or undated reference, provisions from other publications. These
normative references are cited at the appropriate places in the text and the publications are listed hereafter. For
dated references, subsequent amendments to or revisions of any of these publications apply to this European
Standard only when incorporated in it by amendment or revision. For undated references the latest edition of the
publication referred to applies (including amendments).

EN 12473:2000, General principles of cathodic protection in sea water.

EN 12495, Cathodic protection for fixed steel offshore structures.

prEN 12496:1996, Sacrificial anodes for cathodic protection in sea water.

EN 12954:2001, Cathodic protection of buried or immersed metallic structures - General principles.

EN ISO 8044, Corrosion of metals and alloys – Basic terms and definitions (ISO 8044:1999).

3 Terms and definitions

For the purposes of this European Standard the terms and definitions in EN ISO 8044 and the following apply:
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3.1
weight coating
coating usually made of steel wire reinforced concrete, applied to the pipes to provide anti-buoyancy and/or
mechanical protection of the pipeline

3.2
remotely operated vehicle (R.O.V.)
unmanned submarine vehicle operated by a surface vessel and used for inspection and survey of the pipeline

3.3
"J" tube
curved tubular conduit designed and installed on a structure to support and guide one or more pipeline risers or
cables

3.4
riser
vertical or near vertical portion of an offshore pipeline which connects the platform piping to the pipeline at or below
the sea bed

4 Criteria and principles for cathodic protection design

4.1 Protective criteria

4.1.1 Protective potentials

To achieve adequate cathodic protection a submarine pipeline should have the protective potentials indicated in
the following table. These potentials apply to saline mud and normal sea water compositions (salinity 32 ‰ to
38 ‰).

Table 1 — Summary of potential versus silver/silver chloride/sea water reference electrode recommended
for the cathodic protection of steel materials in sea water

Material Minimum negative potential

volt

Maximum negative potential

volt

Iron and steel

aerobic environment

anaerobic environment

-0,80

-0,90

-1,10

-1,10

Stainless steel

Austenitic steel

- (PREN � 40)

- (PREN < 40)

Duplex

-0,30

-0,60 (see note 1)

-0,60 (see note 1)

no limit

no limit

(see note 2)

NOTE 1 For most applications these potentials are adequate for the protection of crevices although more negative
potentials may be considered.

NOTE 2 Depending on metallurgical structure these alloys may be susceptible to cracking and more negative
potentials should be avoided (in accordance with 8.3.2.2 of EN 12473:2000).

4.1.2 Reference electrodes

The following types of reference electrodes may be used to measure the potential between the pipeline surface
and sea water:

- silver-silver chloride/seawater (Ag/AgCl/sea water);
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- high purity zinc (99,9 % min. of zinc with iron content not exceeding 0,0014 %)/sea water;

- anode zinc alloy/seawater;

- saturated KCl calomel (Hg/HgCl2/KCl saturated) for reference electrode calibration purposes only.

4.2 Corrosion protection coating

A corrosion protection coating is normally applied to a submarine pipeline in conjunction with cathodic protection to
control external corrosion. The coating reduces the current required to achieve effective cathodic protection and
enhances the distribution of the cathodic protection current over the pipeline surface (see table A.3).

4.3 Basic parameters

The following should be taken into consideration when designing a cathodic protection system:

- characteristics of the submarine pipeline to be protected, such as diameter, wall thickness, length, route, laying
conditions on the sea bottom, temperature profile along its whole length, type and thickness of corrosion
protection coating(s) for pipes and fittings, presence, type and thickness of thermal insulation, mechanical
protection, and/or weight coating;

- existing or proposed installations (pipelines, platforms etc.) in close proximity to or crossing of the pipeline
route;

- the requirement for electrical isolation from adjoining steel structures, platform, onshore pipelines etc.;

- presence of "J" tubes, risers and clamps;

- environmental conditions;

- design life of the pipeline;

- pipeline lay method;

- protection criteria;
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- presence and quantity of H2S producing bacteria (e.g. SRB);

- water composition with particular reference to the oxygen content;

- presence of stray and/or telluric currents in the area (see 10.2).

4.5 Protective current density

One of the main parameters to be defined in the design of the cathodic protection system for a submarine pipeline
is the current density required to protect the steel surface of the pipeline throughout all its design life.

Three values of current density are significant. The initial, maintenance and repolarization values which refer
respectively to the current density required to polarize the pipeline within a reasonable time period (i.e. 1 to 2
months) the current density necessary to maintain the polarization and the current density necessary for an
eventual repolarization which may occur for example after an heavy storm.

The selection of the design current densities may be based on experience from similar pipelines in the same
environment or on field measurements carried out in the same area.

Due consideration should be given to the following:

- the current density demand is normally not constant with time; for bare steel areas of pipelines in seawater or
the seabed the current density requirements may decrease due to the formation of calcareous deposits
caused by the cathodic current;

- for coated areas of pipelines the current requirements may increase with time as the coating deteriorates.
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- between a submarine pipeline and the platform where the pipeline starts and/or ends unless other constraints,
such as safety requirements, dictate that an insulating device should not be installed.

If used the insulating devices shall be placed above the water and splash zone and in compliance with relevant
regulations.

4.8 Electrical continuity

Electrical continuity is generally provided between the pipeline and any ancillary steel items by means of suitable
connecting cables.

4.9 Test points

To check the performance of the cathodic protection on a submarine pipeline measuring cables and test points
may be installed at both the ends of the pipeline if direct contacts are not possible.

For submarine pipelines protected by sacrificial anodes any permanent measuring devices along the pipeline route
may be omitted but the extremities shall remain accessible either directly or by means of a measuring cable.

4.10 Miscellaneous

During the design stage of the cathodic protection system of a submarine pipeline all the interested parties in the
area of the pipeline route should be notified of the proposed pipeline installation and the characteristics of the
cathodic protection system.

Cooperative investigations should be carried out to determine the possible effect of the proposed pipeline cathodic
protection system  on the facilities of others in the proximity or area of the proposed pipeline.

5 Design of sacrificial anodes system

5.1 General

The sacrificial anodes system provides protection of the steel structure by connecting it to a more electronegative
alloy.

Generally the sacrificial anodes are electrically connected to the pipeline by welding.

The sacrificial anodes system shall be designed to ensure that the protective potential criteria is achieved on the
whole surface of the pipeline during its entire design life.

5.2 Selection of anodic material

The following types of anode materials may be used: alloys of aluminium, magnesium, or zinc.

The alloy selected shall be one that can be demonstrated by past field performance in similar conditions, or by
laboratory and field trials in simulated equivalent conditions, to perform satisfactorily in accordance with
prEN 12496:1996. The selection of anode composition is critical for effective performance in specific environments.
5.2.1 to 5.2.3 are a general guide only.

5.2.1. Aluminium alloy anodes

Aluminium alloy anodes can be used in sea water or in the sea bed.

Aluminium based alloys have a decreased electrochemical efficiency at elevated temperature. Some alloys may
not even be suitable when operated at elevated temperatures.

The behaviour of some aluminium alloys may be adversely affected when covered with mud and particularly at low
current output.

Some alloys may suffer intergranular corrosion even at low temperatures.

SIST EN 12474:2003

iTeh STANDARD PREVIEW
(standards.iteh.ai)

SIST EN 12474:2003
https://standards.iteh.ai/catalog/standards/sist/b97b6743-582e-4176-

bb80-44a5d3262f14/sist-en-12474-2003



Page 9

EN 12474:2001

Some alloys containing magnesium may suffer ageing with a loss of mechanical properties.

5.2.2. Magnesium alloy anodes

Magnesium alloy anodes can cause very negative potentials usually beyond the negative limit and have a high
practical consumption rate; however they may be used in special applications.

5.2.3. Zinc alloy anodes

Zinc alloy anodes can be used in sea water or in the sea bed.

Zinc based alloys should be formulated to minimize the risk of intergranular attack.

Zinc alloys may undergo a reduction in driving potential and should not be used at temperatures exceeding 50 °C
unless supported by appropriate test data.

Intergranular corrosion and/or a reduction of their current capacity may occur at elevated temperatures.

5.2.4. Anode performance

The electrochemical properties of the anodic material include:

- the driving voltage to polarized steel i.e. the difference between closed circuit anode potential and the positive
limit of the protective potential criteria;

- the practical current capacity (in ampere hour per kilogramme) or consumption rate (in kilogrammes per
ampere per year);

- the susceptibility to passivation;

- the susceptibility to intergranular corrosion.

The main parameters which affect anode electrochemical properties are:

- anode exposure conditions (if immersed in sea water or buried in mud);

- chemical composition of anode alloy;

- temperature;

- method and procedure of fabrication.

The electrochemical properties of the anodic material should be documented or determined by appropriate tests
approved by an independent body.

The environmental impact of the alloy should be taken into consideration.

5.3 Shape and dimensions of sacrificial anodes

Sacrificial anodes for submarine pipelines are typically half shell or segmented bracelet type, but other types may
be considered.

Bracelet anodes shall be provided with suitable steel inserts to allow the assembly and tightening of the bracelet
halves or segments around the pipe and to give adequate support to the anodic material.

The inserts should be located in such a way to achieve the design utilization factor (see annex B).

The dimensions of the anodes should be selected on the basis of the following:

- external pipe diameter;

- corrosion coating thickness;
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