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Foreword

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

The procedures—tsed—to—develop—th CHeRt—3 —intendedforitsfurthermatntenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria meeded for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documérnt may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techniical Barriers to Trade (TBT) see the following
URL{www.iso.org/iso/foreword.html.

This|document was prepared by ISO/TC 8 Ships\aind marine technology, SC 8, Ship design.
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ction

Cathodic protection is applied to ships to protect the immersed sections of the vessel from corrosion.
This includes the external hull surface and the internal surfaces of tanks containing seawater, e.g.

ballast tank

S.

Cathodic protection, often in conjunction with coatings, can be applied by impressed current, galvanic
anode techniques or a combination of both.

Cathodic protection works by applying direct current to the immersed surface to change the steel-to-
electrolyte patential to values where the rate of corrosion is considered insignificant

The Generall

Hull penetr
Society appi

Principles of Cathodic Protection in Seawater are described in ISO 12473.

htions and cofferdams necessary for cathodic protection generally requirerClassific
oval.

htion

Vi
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Ships and marine technology — Cathodic protection of ships

1 Scope

This document specifies protection criteria, and makes recommendations for design and specifications
for both impressed current and galvanic anode cathodic protection systems for ships. Cathodic
protection of external hull and ballast tanks are included.

This|document is applicable to the immersed sections of hulls and tanks containing seawater for ships,
boat$, and other self-propelled floating vessels. It includes fixtures generally encountered ¢n ship hulls
suchfas:

— 1rudders;

— propellers;

— ghafts;

— gtabilizers;

— thrusters;

— gea chests;

— yvater intakes (up to the first valve).

It does not cover protection of floating structures that are not self-propelled.

This|document is applicable to the cathodic protection of ship hulls fabricated principally from carbon
manganese or low-alloy steels includingfixtures of other ferrous or non-ferrous alloys suchfas stainless
steels and copper alloys, etc.

This|document is applicable toboth coated and bare hulls and tanks; most hulls and tapk internals
are doated.

This|document is not applicable to the cathodic protection of hulls principally made of other materials
such|as aluminium alleys; stainless steels or concrete.

This|document i§2applicable to the hull and fixtures in seawater and all waters whith could be
encolintered during a ship’s world-wide deployment.

2 ormative references

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

ISO 8044, Corrosion of metals and alloys — Basic terms and definitions
IS0 9606-1, Qualification testing of welders — Fusion welding — Part 1: Steels

[SO 12944-1, Paints and varnishes — Corrosion protection of steel structures by protective paint systems —
Part 1: General introduction

IS0 12944-2, Paints and varnishes — Corrosion protection of steel structures by protective paint systems —
Part 2: Classification of environments

ISO 15607, Specification and qualification of welding procedures for metallic materials — General rules

© ISO 2018 - All rights reserved 1
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ISO 15609-1, Specification and qualification of welding procedures for metallic materials — Welding
procedure specification — Part 1: Arc welding

ASTM B418, Type 1 Standard specification for cast and wrought galvanic zinc anodes
EN 12496, Galvanic anodes for cathodic protection in seawater and saline mud
EN 50162, Protection against corrosion by stray current from direct current systems

IMCA D045, Code of Practice for Safe Use of Electricity Underwater

3 Termsand definitions
For the purposes of this document, the terms and definitions given in ISO 8044 and the following qpply.
ISO and [EC|maintain terminological databases for use in standardization at the following-addressgs:

— IEC Eleqtropedia: available at http://www.electropedia.org/

— ISO Onljne browsing platform: available at http://www.iso.or

31
system life
design life of the cathodic protection system

3.2
anode design life
stated perigd for which the anode is required to be fully functional

3.3
immersed Zone
zone located below the water line at draught corresponding to normal working conditions

3.4
underwatef hull
immersed sfirface area of the hull at any given time

Note 1 to entty: Used to calculate currént demand.

3.5
boot topping
section of tHe hull between light and fully loaded conditions

Note 1 to entfy: Boot tepping may be intermittently an immersed part of the structure which can be consiglered
independently with respéect to the cathodic protection design. A single zone can comprise a variety of compopents
with differing design-parameters.

3.7
submerged zone
zone including the immersed zone and the boot topping

3.8

driving voltage

difference between the steel-to-electrolyte potential and the sacrificial anode-to-electrolyte potential
when the cathodic protection is operating

3.9

closed circuit potential

potential measured at a galvanic anode when a current is flowing between the anode and the surface
being protected

2 © ISO 2018 - All rights reserved
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3.10
light ballast draught
draught when the ship is in light ballast conditions

4 Competence of personnel

Personnel who undertake the design, supervision of installation, commissioning, supervision of
operation, measurements, monitoring and supervision of maintenance of cathodic protection systems
shall have the relevant level of competence for the tasks to be undertaken. This competence shall be
independently assessed and documented. On-board routine measurements can be performed by non-

spec
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impdct of these systems on the overall cathodic protectioh design and control shall not be ne
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ISO 15257 and the NACE training and Certification Programme constitute syitablg
sing and certifying competence of cathodic protection specialists.

Design basis
General

The objective of a cathodic protection system is to deliversufficient current to prote
e structure and fixtures and distribute this current so that'the structure-to-electrolyte
part of the structure is within the limits given by theiprotection criteria. Electrolytic
ms cannot be assumed to provide cathodic protectiéh-to the sea chest and internal pi

ner shall consider the location of anti-fouling system anodes, current outputs, current
ture isolation (if any), local sacrificial anodesand current exchange across any hull g
1l cathodic protection design.

Potentials should be as uniform as:possible over the whole submerged surface. This
achieved by adequate distributipnief the protective current over the structure during
1al operating service conditions. Fhis can be difficult to achieve in some areas of the s]
I intakes, thrusters, and sea.chests) where specific provisions can be required.

Cathodic protection fer a ship is generally combined with a protective coating syste
fixtures, (e.g. propellers), are not usually coated.

ction potenfials (most positive potential) listed in Table 1 shall be achieved on all sf
ent to more noble materials.

Cathodic protection within sea chests can adversely affect, by stray current inte

cool

methods of

ct each part
potential of
anti-fouling
bework. The
glected. The
attenuation,
Fating in the

objective is
the vessel’s
ructure (e.g.

m. Although

The cathodic protection system should be designed to mitigate galvanic coupling. The minimum

eel surfaces

raction, box

rs-in sea chests if the box coolers are electrically isolated from the sea chest. Box

coolers are

often manufactured from copper nickel alloy tubes. The possibility of interaction shall be considered
when designing the cathodic protection requirements for the sea chest. These considerations should
include methods of controlling corrosion on steel surfaces shielded by the cooler, whether the cooler is
electrically isolated or not. The designer should also resolve the adequacy of any cooler manufacturer
installed anodes. These may not last the intended service interval. The principles of concern for sea chest
coolers shall be extended to copper-nickel keel coolers that are similarly installed.

Electrochemical anti-fouling systems are often used within sea chests to prevent the fouling of seawater
intake systems. The possibility of interaction between the anti-fouling system and the cathodic
protection system should be considered in the design and installation of the anti-fouling system.

© ISO 2018 - All rights reserved
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5.1.6 The cathodic protection system shall be designed either for the life of the ship or on the basis of
proposed dry-docking or maintenance intervals. The design life should be agreed between the cathodic
protection system designer and the ship operator/owner.

NOTE Galvanic anodes can be sized for short periods such as dry-docking intervals. Impressed current
materials can last longer, but not necessarily for the whole of the working life of the vessel, without replacement.

5.1.7 Design, installation, energizing, commissioning, and long-term operation of all the elements of
the cathodic protection system shall be fully documented.

5.1.8 Everyelement ofthe work shall be undertaken in accordance with an approved, fully documented,

quality plan

5.1.9 Each stage of the design shall be verified and the checking shall be documented.

5.1.10 ISO D001 is a suitable Quality Management Systems Standard that can be used.

5.2 Cathodic protection criteria

5.2.1 The|accepted criterion for the protection of bare steel in aerated seawater is a protection
potential more negative than:

— -0,80 V|measured with respect to a Ag/AgCl seawater reference electrode;
— +0,23 V|measured with respect to a pure zinc electrode;

— +0,25 V| measured with respect to a zinc electrode {made with alloy ASTM B418 Type 1 gr US
MIL-A-18 001K).

These three|values are approximately equivalent;

5.2.2 Whi|e Ag/AgCl/Seawater reference electrodes can be used on sea-going vessels, the use of zinc
reference electrodes is an acceptable alternative. Zinc reference electrodes are considered sufficiently
accurate and reliable. (See ISO 12473)(See 6.3.4)

5.2.3 To pvoid coating cathedic disbondment a negative limit of -1,1 V with respedt to
Ag/AgCl/Seawater reference eleetrode is recommended for hull coatings. Areas around dielectric shields
and dielectrjc shields themselves shall be separately qualified to a maximum allowable limit. This|limit
can be variefd provided thattechnical justification is provided.

5.2.4 Whdre theresis a possibility of hydrogen embrittlement of steels, or other metals, which may be
adversely affected by cathodic protection at excessively negative values, a less negative potential |limit
shall be adgpted (See Table 1). If there is insufficient documentation available for a given material,
this specific negative potential limit relative to the metallurgical and mechanical conditions shall be
determined by mechanical testing at the limit polarized potential.

5.2.5 The potential criteria and limit potentials are “polarized” and are expressed without IR errors. IR
errors are a consequence of cathodic protection current flowing in the resistive electrolyte and surface

4 © ISO 2018 - All rights reserved
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films on the protected structure and are generally considered insignificant in marine cathodic protection

appli

cations that use galvanic anodes.

Table 1 — Cathodic protection limits for materials commonly encountered on ship hulls and

fixtures

Material

Most positive potential
(Vvs. Ag/AgCl/seawater)

Most negative potential
(Vvs. Ag/AgCl/seawater)

Carb
with

on-manganese and low-alloy steels
specified minimum yield stress

(SM S) \,Liual Ul IUVV\,I thall 550 }\‘I/Illllll’)

In 3erobic environment -0,80 -1,10

In gnaerobic environment and/or steel -0,90 +1,10
temperature >60°C
Highlstrength steels (SMYS higher than -0,80 -0,83to -0,95 (se¢ NOTE 1)
550 MPa)

(Al ]

Aluminium alloys

[g and Al Mg Si)

-0,80 (negative potential swing
0,10 V) (See NOTE 5)

-1,10

Aust

enitic steels or nickel base alloys

NOTH

contpining chromium and/or molybde-
num|(See NOTE 6)

— | (PREN = 40) -0,30 no limit if fully austgnitic, if not

see NOTE B
-0,50 (see’NOTE 2)
— [ (PREN < 40) no limit if fully austénitic, if not
see NOTE B

Duplex or martensitic stainless steels +0,50 (see NOTE 2) see NOTE B
Copper alloys

without aluminium -0,45to0-0,60 no limit

with aluminium -0,45to -0,60 -1,10
Nickgl - copper alloys -0,50 see NOTE @
NOTE 1 The negative potential linfit should be determined by testing of the high strength steel for specificimetallurgical
and echanical conditions.
NOTE 2 For most applications these potentials are adequate for the protection of crevices although ore positive
potentials may be considered if documented.
NOTE 3 Depending'on metallurgical structure, these alloys can be susceptible to Hydrogen Stress Cracking (HSC) and
potentials thatatetoo negative should be avoided.
NOTE 4 High strength nickel copper alloys can be subject to HSC and potentials that result in signifidant hydrogen
evolytionishould be avoided.

F 5_Natural potentials shall be pre-determined to at least ensure at least a 0,10 V negative potential swihg.

NOTE 6 PREN is defined in ISO 12473:2014.

5.3

Design process

5.3.1 The design of a cathodic protection system requires a comprehensive and systematic approach.
The design activity can conveniently be broken down into different stages.

a)

(see 5.4.1).

b)
‘)

© ISO

Establish the service conditions.

2018 - All rights reserved

Fully describe each fixture and component in each zone.

Divide the structure into cathodic protection zones. (Each zone to be considered separately.)
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d)
e)
f)

:2018(E)

Determine the current demand for each zone.

Establish cathodic protection system requirements for each zone.

cathodic protection zone.

g)
h)

5.3.2 The

Design a cathodic protection system for each zone.

Assess design for possible interaction between zones.

Ensure that there is reliable, low resistance, electrical continuity between all components within a

of galvanic
current den

5.4 Desig

Detailed cat

structu

compory

service

esign nfimprpccpd current systems is hased on the maximum current demand The d

anode systems for coated steel is based on the mean current and the maximum?{
and.

n considerations

hodic protection design shall take the following into consideration:
e cathodic protection zones;

ent characteristics;

conditions.

5.4.1 Cathodic protection zones of ship hull (external)

5.4.1.1 Th
are then co
independen
systems. Th
operating m
on observed
coating dete

54.1.2 Th

forward

— aft (stey
54.1.3 Th

5.4.1.4 Th
water flow 1

e submerged surfaces of a hull can be divided_into different cathodic protection zones
hsidered independently, even if they are mot electrically separated. Although consig
[ly there can be interference between zones. This is particularly evident in the case of
e designer shall locate reference electfodes in key areas to measure the interference
anual shall provide guidance to ancoperator to discern likely effects of zonal interfet
anode current output in each zone and how this variation may occur as a function o
rioration.

e immersed hull can be divided into two main cathodic protection zones:
(bow);
n).

is is illustrated by the drawing in Annex A.

ese‘zones are related to the higher protection current demand in the aft zone due to

esign
inal)

hich
ered
ICCP
The
ence
f hull

high

ates, turbulence and the presence of dissimilar metals due to the propeller(s) and rudd

br(s).

5.4.1.5
openings of

5.4.2

5.4.2.1 Co

sea chests, thrusters, rudders etc.).

Internal cathodic protection zones

mplex geometries can exist within ballast tanks, e.g. stiffeners and heating coils.

[t is possible that some components can constitute a cathodic protection zone of their own (e.g.

5.4.2.2 Lower sections of tanks not fully drained within stiffeners can also constitute discrete cathodic
protection zones to be considered.

See 5.5.4.2 for further guidance.

© ISO 2018 - All rights reserved
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Component characteristics

Each component of a cathodic protection zone as mentioned above shall be fully detailed in the design.
This shall include:

5.4.4

The

serv
be ta
oper

a)

b)

d)

5.4.4
cons
prote

5.5

5.5.1

5.5.1
appr

and

material type;
specific potential limit (if applicable);
complexity of the structure;

surface area;

¢oating characteristics, including type, thickness, predicted lifetime, anticipated coating

Service conditions

lesign of the cathodic protection systems for each external zone shall be(related to thd
ce conditions. Service conditions for internal surfaces are discussed in 5.5.4.2. C
ken into consideration include design life, environmental effects,\cavitation effect
hting conditions.

Design life. Either the entire cathodic protection design life ¢r the dry-docking intervg
¢onsidered. It should be noted that the predicted dry-docking intervals may be arbitrar
dlue to operational requirements and, wherever possible, the design should take this in

I
q
g

‘nvironmental effects. The characteristics of the seawater (e.g. resistivity, temperatur
bstablished. Particular attention is required for,vessels anticipated to operate in ice ¢
bstuarine (brackish) and freshwater conditions,

Dperating conditions. The average and~maximum anticipated speeds should be
ombined with the percentages of lifetime associated with static (berthed) and dynaj
onditions.

[(
[(

Londition of the vessel coating and’existing cathodic protection system.

.1 For ballast tanks, tlie)cargo and the ballast period (wet/dry alternating peri
dered. Moreover, the balldast water composition and treatment system and its effect on
ction of the ballast tank'shall also be taken into consideration.

Current demand

Genetal

breakdown.

anticipated
bnditions to
and vessel

Is should be
ily extended
Lo account.

e) should be
pnditions or

considered,
mic (sailing)

d) shall be
the cathodic

to select the

.1 \To achieve the protection criteria for the conditions described in 5.2 it is necessary|

service conditions.

bpriate design current density for each companent within a zone with respect ta the enlvironmental

5.5.1.2 The current demand of each metal component of the structure is the result of the surface area
multiplied by the current density for the anticipated current demand.

5.5.1.3 The total current requirement can be established by calculation of:

a)
b)

component surface areas;
protection current density for each zone:

1) selecta current density for bare steel and estimate the coating breakdown;

© ISO 2018 - All rights reserved
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2) apply a global approach and use a current density that is based on experience for the coating
type and service conditions;

c) if b)1) is selected there are two types of current demand that shall be applied. These are the
maximum current (Imax) (i.e. end of system life current requirements) and the mean system current
demand (Imean)-

5.5.1.4 Guidance for cathodic protection current density requirements are given in Annex B.

5.5.1.5 Guidance for the calculation of the anode resistance is given in Annex C.

5.5.1.6 A global approach is described in 5.5.3.

5.5.2 Des

5.5.2.1 Th
operating in|

5.5.2.2 Th
of the electr

— the typ4

— potenti:

ign current density for bare steel

e selection of design current densities can be based on experience gained from similar
similar environmental and service conditions or by specific tests and measurements.

e protection current density of bare steels, and other bare metals, depends upon the kiy
bchemical reactions. It varies according to:

b of material;

] of the material;

— metal stirface condition;

— electrol

yte dissolved oxygen content;

— flow ratle (or speed);

— tempery

ture.

NOTE T

e current density is dependentiupon the natural potential of the metal and the desired poten

the metal, which in the case of CRA maymotbe the potential required to achieve protection of the CRA. In
it may be the|applied protection valuelich would generally be that of the least noble metal. Greater pot

shift will res

5.5.2.3 Th
condition sH

Itin a higher current density.

e protection current density requirements for each particular environmental and se
1all be determined. It is entirely possible that different current density requirement

necessary for different gperating conditions, and the cathodic protection design shall take account o

5.5.3 Des

ign current density for coated steel

chips

etics

ial of
stead
bntial

rvice
5 are
' this.

5531 T

€ cathodic protection SySten 15 generatly associated Witlh a coating SyStent. 11e Co

ting

system will reduce the cathodic protection current density and improves the current distribution over
the immersed surfaces.

5.5.3.2 The reduction of current density from bare steel to coated steel can be in the region of 100:1,
or even higher under some circumstances, depending on the quality of the coating system applied. The
cathodic protection current density for coated steel will increase with time as the coating deteriorates or

is damaged.

5.5.3.3 An initial coating breakdown factor, relating mainly to mechanical damage or coating
application deficiencies that occur during the fabrication, should be considered. A coating deterioration
rate (i.e. an increase in the coating breakdown factor over time) should be selected to take into account
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the ageing of the coating and mechanical damage to the coating that can occur during the operational
lifetime of the cathodic protection, or a period corresponding to the dry-docking interval.

5.5.3.4 The coating breakdown values are directly related to the construction, coating type, coating
application, and anticipated coating performance and service conditions for the ship.

5.5.3.5 Guidelines for coating breakdown values are given in B.2.

5.5.3.6 The design current density required for the protection of coated steel is calculated as the
product of the current density for bare steel and the coating breakdown factor:

Jt=Jb-fe (1)
whefe

Jo isthe protection current density for coated metal in A.m~2;

Jb isthe protection current density for bare metal in A.m-2;

fc is the coating breakdown factor which varies with time due-to ageing and mechanical damage;

fc is 0 for a perfectly insulating coating;

Jft is 1 for bare steel.

5.5.3.7 Because the current demand can be differentfor each cathodic protection zone, the calculation
shoulld be applied for each component or zone.

5.5.3.8 An alternative design philosophy (global approach) for the estimation of the protedtion current
densjty for coated structures can be considéred when values for design parameters are well known from
past [experiences. Where a global approach is considered, an average value of this protection current
densfty (Jg) is taken into consideration. Guidelines for values of current densities for a glohal approach
are given in B.1. The design shall.be documented in detail regarding the class of vessel andl service for
which the global track record\has been collected and the basis upon which the satisfactpry cathodic
protection performance has been evaluated. Without the verification that the cathodic proteftion system
has been satisfactory it-is-not sufficient to accept a design only on the basis that it has Heen applied
previously.

5.5.4 Currentdemand

5.5.4.1 Hull systems

Unlegs-@global approach is adopted for the design, two different values shall be considered;

— Ipax maximum current demand (amps);

— Imean mean current demand (amps).

5.5.4.1.1 Inyax corresponds to the most severe working conditions such as dynamic loads, end of life
coating breakdown factor and worst case environmental conditions.

5.5.4.1.2 Ieap is used to calculate the minimum mass of galvanic anode material for the design life
of the anodes or to determine the characteristics of impressed current anodes necessary to maintain
cathodic protection throughout their design life
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5.5.4.1.3 For each cathodic protection zone these two protection current demands can be determined
by using the following formulae:

le max = Se fc maX-]bd (2)
Ie mean = Se - fcmean - [£-Jbd + (1 =€) . Jbs] (3)
where

Ie max is maximum protection current demand for a component (A);

Ie mean is mean protection current demand for a component (A);

Se iis the area of the submerged zone [component under full load conditions including the tin-
derwater hull and boot topping (m?2)];

femax s maximum coating breakdown factor for the design life;

fc mean 1s mean coating breakdown factor for the design life;

Jbd iis current density for bare metal in dynamic conditions (A.mz2);
Jbs iis current density for bare metal in static conditions (A.mz2);

t iis fraction of time associated to dynamic conditions;

Imax s used for design and equipment sizing for impressed current systems, with additiona
¢apacity as necessary.

5.5.4.1.4 [or each cathodic protection zone both‘values of cathodic protection current demangl are
given by the|sum of the respective elements (sumimed over all components):

Imaxtotal = 2 Imax (A);
Imeantothl = 2 Imean (A).

5.5.4.1.5 If a global approach i{syadopted, a unique current demand is considered for each cathodic
protection zpne and the total eiirpent demand is:

— I=]g.5¢(4)
where Jg is the globalcyrrent density selected.

See 5.5.3.

5.5.4.2 Bdllasttanks

5.5.4.2.1 All the surface areas wetted with water shall be considered in the design of the cathodic
protection systems. It is preferable to determine the surface areas from CAD-drawings.

5.5.4.2.2 The maximum surface area (Smax) is used as a basis for calculating the maximum current
demand and includes the area of the flats as well as the supporting structure of T-beams, baffles, piping,
etc. In all cases, it includes the area either of the top of the tank or of the structure.

5.5.4.2.3 For tanks with varying levels (e.g. ballast tanks) there are two additional factors to be
considered. Firstly, the ullage factor (Ur), which defines the maximum proportion of the surface of the
tank that will be wetted (fully immersed) and, secondly, the wetting factor (k), which determines for
what proportion of the design life the surfaces will be wetted. These two factors will allow the maximum
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operational surface area (Sop) to be calculated and used for the determination of the current demand for
tanks with varying levels. The operational surface area, therefore, is the maximum surface area (Smax)
multiplied by an ullage factor (Ur) and a wetting factor (k).

Sop =Smax- Ur. k (4)
And this value is then substituted for S in the formulae given in 5.5.4.1.

5.6 Cathodic protection systems

5.6.1 Two types of cathodic protection systems can be used:
— impressed current;
— galvanic anodes.

The thoice of the most appropriate system depends on many factors as described in I1SQ 12473. For
external hull protection a combination of both systems can be used (hybrid system). However, for
safetly reasons, magnesium galvanic anodes and impressed current sysfems shall not be psed for the
interjnal protection of ballast tanks and other closed spaces.

5.6.2 For any cathodic protection system, the anode output cui'rent can be determined using Ohm's law:

1=AU /R (6)

wherte

] isthe current outputin amps;
AU is the driving voltage, in volts;

R isthe circuit resistance, in ohms.

5.6.3 The circuit resistance istormally assumed to be approximately equal to the galvahic anode to
electfolyte resistance or impressed current anode resistance to electrolyte plus cable resistance, as the
cathgde (structure) resistance to the electrolyte is generally very small.

5.6.4 The anode résistance is a function of the resistivity of the electrolyte [anode environment] and of
the geometry (fofm-and dimensions) of the anode. Empirical formulae can be used, such ag those given
in Annex C, toealculate the anode resistance.

5.6.3 M anodes are grouped close to each other such that mutual interference between arjodes occurs
this ghall be considered when calculating the individual anode resistance.

5.6.6 The number and location of the anodes shall be determined to achieve, as far as practicable,
an electrical current distribution leading to a uniform protection potential level over the whole steel
structure surface.

5.6.7 Calculations can be performed using computer numerical modelling based on finite element
or boundary element methods; these are normally only justified in particularly complex or novel
applications or in military naval vessels where other considerations may warrant such modelling.

5.6.8 All components of the cathodic protection system shall be installed at locations where the
probability of disturbance to ship operations or mechanical damage is minimal.
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5.7 Electrical continuity

5.7.1 Cathodic protection is required for fixtures such as rudders, stabilizers, propellers, thrusters
etc., therefore electrical bonding to the hull shall be provided, except when the fixtures are protected by
independent cathodic protection systems. Bonding of corrosion resistant copper based alloys or stainless
steel propellers or thrusters and provision of cathodic protection current to them is necessary to prevent
galvanic corrosion damage to the adjacent hull or increased wear rate of bearings due to galvanic couples.

5.7.2 The

electrical resistance of the bonding shall be sufficiently low to ensure adequate protection of

the fixtures connected.

5.7.3 The

5.7.4 The
of slip rings
hull. Bond r4
suitable arr4

5.7.5 Rud
surface (gen

5.8 Fittin

Precautions|
out period (;

6 Impre
6.1 Objec

6.1.1 Ani
by connectil
adjustable d

6.1.2 The
is controlled
potential ley

6.2 Desig

electrical continuity shall be permanently maintained.

propeller shaft shall be electrically bonded to the hull. This is normally achieved by nmeans
and brushes (See Annex D). It is desirable to monitor the electrical bond étween shaff and
sistance can increase with time and can deteriorate and fail if brush confacts are defect{ve. A
Ingement for monitoring bond resistance is shown in Annex E.

Hers and stabilizers shall be bonded by means of flexible cables eonnected to an adjacent hull

erally by welded studs) (see Annex D).

g out period

should be considered at the design stage to ensuge cathodic protection during the fitting
see Clause 9).

ssed current system
tives

mpressed current system provides cathodic protection using direct current (d.c.) deliyered
g the external hull to thé negative terminal and the anodes to the positive terminal pf an
C. power source.

electrical current-output delivered by the d.c. power source (often a transformer-rectjfier)
during the lifetime of the cathodic protection system to obtain and maintain a protection
el over theentire ship’s hull, incorporating all the cathodic protection zones.

n considerations

6.2.1 The

armatinn An +ha nunun'v

TOT IO troT O CIrC-TOTTO VWV IT

12

design basis;

sizing of equipment;

general arrangement of the equipment;
location of hull mounted equipment;

specification of equipment (power source, monitoring and control systems, anodes, connection
cables and connection and protection devices, reference electrodes etc.);

installation specifications;
monitoring specification; and
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— maintenance plan.

6.2.2 Impressed current cathodic protection systems for ships can include one or more sources of d.c.
supply (e.g. transformer-rectifier) along with multiple anodes and reference electrodes.

6.2.3 d.c. sources with automatic potential control are generally used because the environmental
conditions, the structure configuration, and service conditions can cause large and frequent variations of
the current demand necessary to maintain polarization (see 6.3.4).

6.2.4 Each cathodic protection zone shall be protected by a dedicated system.

6.2.3 Specific areas presenting particular situations can require the consideration [of a multi-
zone| control system in order to adapt and optimize the electrical current distribution to the cathodic
protection demand.

6.2. The anodes shall be mounted on a dielectric shield to prevent localizéd over-polarizafion, coating
damage, and improve the electrical current distribution to the cathode (see 6.3.3).

6.2.7 The maximum protection current demand for a cathodic(protection zone (Inax) should be
calcdlated using formulae given in 5.5.4.1, based on the most severe service conditions as $tipulated in
that sub-clause.

6.2.8 To compensate for a less efficient electrical current distribution (due to a smaller number of
high¢r current anodes), the cathodic protection systemi“should be designed to be able to provide, as a
minimum, 25 % more than the calculated maximumprotection current demand.

6.2.9 An overview of the different equipmentconcerned is given in Figure 1.

6.2.10 The principal components of theimpressed current system are:

— power source;
Ilonitoring and control systems;

— anodes;

— (lielectric shields;

— reference eleetrodes;

— ¢ables,.connections;

— ¢offerdams;

— bonding and grounding systems.
6.3 Equipment considerations
6.3.1 Power source, monitoring and control systems

6.3.1.1 All power source, monitoring and control systems shall be housed in control cubicles that
are rated (IP rating) for the worst case environmental conditions. The cubicle shall be designed and
mounted to ensure the effects of vibrations on the internal components do not affect the functionality of
the equipment.

6.3.1.2 The equipment shall be equipped with an input isolator.
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6.3.1.3 d.c. power requirements are most commonly met by the use of transformer-rectifiers operating
from the ship’s power. Transformer-rectifiers with automatic potential control are used to meet varying
current demands caused by changes in the environmental conditions.

6.3.1.4 The transformer rectifier delivers the protective current to the anodes and as a minimum shall
be equipped with the following monitoring instrumentation and control facilities:

— avoltmeter for the measurement of the d.c. output voltage;

— an ammeter for the measurement of the anode d.c. current of the electrical current output of
each anode;

— a monitpring panel allowing the measurement of potentials with each of the reference electijodes
and thelselection of controlling reference electrode(s);

— areguldtion system for the potential settings of the controlling reference electrode(s);
— protect]on devices against over-voltages and short-circuits;

— provisign for the external check of output voltages and currents using a calibrated instrument.

6.3.1.5 A1 hours-run meter can be installed for recording the operational periods of the d.c. ppwer
source.

6.3.1.6 Sujitable control circuits shall be included to detect and«ontrol the conditions listed below:
— over-polarization of the hull or appurtenance;
— under-polarization of the hull or appurtenance;

— over-cufrent to anodes.

6.3.1.7 A rtemote warning indicating that one-of these parameters is out of limit may be provided at the
ship control|centre to show that a system malfanction has occurred.

6.3.1.8 Prpvisions for automatic or manual recording of system parameters, including as a minimnum,
output voltgge, total output current; individual anode current, and hull or appurtenance/refefence
electrode pdtential shall be proyided.

6.3.1.9 The transformer=rectifier shall be able to deliver the maximum design current [plus at|least
25 % extra dapacity (6.2)} to the cathodic protection zone that it is intended to protect.

6.3.1.10 THe transformer-rectifier output voltage shall take into account the resistance of the elgctric

circuit (cablgs,anodes), the back-emf and the recommended operating voltage of the anodes. The valtage
at the anod WMWMWM&&&% of

Electricity Underwater.

6.3.1.11 The ACripple shall be limited to 100 mV RMS (root mean square) at a frequency of no less than
100 Hz (i.e. full wave rectification and smoothing are required for the anode power supply) in order to
limit impact on the consumption rate of platinum coated anodes (see Annex H).

6.3.1.12 The transformer-rectifier shall have a selectable potentiostatic control which automatically
delivers variable electrical current in order that the steel to electrolyte potential measured by the
reference electrode used for the control is maintained within the required protection limits. The
transformer-rectifier units should also have the capability to operate in constant current/constant
voltage control mode to facilitate commissioning and fault finding. However, in normal operation,
transformer- rectifiers should only operate in potentiostatic mode.
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6.3.1.13 In the event of a reference electrode fault, the system may be designed to automatically ignore
the defective reference electrode signal or revert to a pre-set current value. In any case, the equipment
should be designed to be switched off if the operator judges it to be necessary.

6.3.1.14 A facility to limit the output current to each anode to a maximum value shall be provided. This

facility shall not be able to fail in such a way that full current output is applied to the anode(s).

6.3.2 Anodes

6.3.2.1 Anodes should be designed for the design life of the ships but shall be replaceable units.

6.3.2

6.3.2

.2 Anodes used for impressed current systems should be of the inert type.

.3 The anode element shall be mounted in a non-conductive holder in a manner that

anode element and minimizes the possibility of mechanical damage and drag~The anode e

be s¢
of a
from

6.3.2
orm

6.3.2
CUrT§
Thes

6.3.2

6.3.2
thersg

6.3.2
mech

6.3.2
oper

6.3.2
unde

aled into the holder to prevent ingress of water to the back face of the élement. The ho
material suitable for seawater service and capable of maintaining electrical isolation
the hull under operating conditions.

.4 Inert anodes are generally made of titanium, niobium ortantalum with a thin layer
xed metal oxides which permit the discharge of electric current.

.5 Lead/silver alloy (semi-inert) anodes can also be'used provided that the initial and
nt density is sufficient (20 A.m-2 to 50 A.m~2) to‘generate and maintain a conductivj
e anodes shall only be used where they are environmentally acceptable.

.6 Typical electrochemical characteristics of impressed current anodes are given in A

.7 Generally, only a few anodes-are required for high current outputs. The loss ¢
fore, can significantly reduce thé performance of the system.

.8 The anode assembly and its attachment shall be designed to have a high r
lanical damage. Special considerations are required for ice-going vessels.

.9 Anodes shall\not be located in areas where they can cause problems during
htion of the ship:

.10 Thed@nbde assembly shall be designed to have a low profile to minimize drag when
rway,

6.3.2

.12 Anodes should not be installed in high-stress areas or areas subject to high fatigue

recesses the
lement shall
Ider shall be
f the anode

of platinum

mean anode
e PbO> film.

nnex H.

f an anode,

psistance to

the normal

the vessel is

loads.

6.3.2.12 Anodes should not be located in areas where they could be damaged (craft coming alongside,
anchor chains or cables). They should be located at half minimum light ballast draught. Precautions shall
be taken to avoid any direct electrical contact (short-circuit of the cathodic protection circuitry) between
the anodes and the structure. Similarly, precautions shall be taken to avoid any leakage at the through-
hull penetration (see 6.3.6).

6.3.2.13 The number, dimensions and location of anodes shall be determined in order to deliver the
maximum protection current demand and to achieve the cathodic protection criteria for the entire
cathodic protection zone protected by that cathodic protection system.
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6.3.3 Dielectric shields

6.3.3.1 Each impressed current anode shall be mounted on a dielectric shield to ensure that the
anode/cathode separation is sufficient to eliminate the risk of over-polarization close to the anode.
Calculations shall be carried out, and documented, to show that the potential at the edge of the dielectric
shield (i.e. the anode/cathode separation) complies with the limits given in Table 1. Examples of
equations that can be used are given in Annex K.

Designs limiting the potential at the edge of a dielectric shield to a value other than the limits within

Table 1 shall be justified.
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sheets can be used to effectively extend the dielectric shield. All dielectric coatings sh
vith the intended ship anti-corrosion and anti-fouling coating system.

and to corrosive chemicals produced at the anodes (notably chlorine)/and not be
t deterioration or ageing. They should be supplied with documented satisfactory se
r with appropriate test data.

b-fabricated shields can be extended by the use of additional coatings compatible wit
p overall coating system.

manent reference and measurement electrodes

ference electrodes are used to measure the hull*to seawater potential and are generally
control of the electrical current delivered byimpressed current cathodic protection sys
ectrodes can also be used to monitor hull potentials at strategic locations. Electrode
hc or silver/silver chloride/seawater (see I1SO 12473). Zinc electrodes are more r
er/silver chloride/seawater reference electrodes are more accurate.

ecautions shall be taken to aveid-any direct electrical contact between the electrodes an
bimilarly, precautions shall'be taken to avoid any leakage of water through any penetr
" the electrode. Cofferdams shall be used to facilitate the entry of the electrode cabld
pf the vessel in a marner which ensures the mechanical integrity and water-tightness ¢

igure 1.2).

ference electrodes shall be installed at locations determined by calculation, or experien

ference electrodes shall be replaceable. See 6.3.6. Ag/AgCl/seawater reference electy
utate in undiluted seawater with a salinity of 3,5 %. If used in water of other salinit

otential of the hull is maintained within the prescribed upper and lower potential limitp

rd-applied additional coatings, fibreglass reinforced plastic, prefabricated plastilc or

1l be

iterials selected shall be suitable for the intended service. They shall be resistant to cathodic

rone
rvice

h the

used
fems.
S are
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htion
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ce, to
D.
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values indic

ted will be inm error Reference etectrodes shiould be stable to thelir theoretical potent

al to

within 10 mV. Zinc is generally used as a measuring or controlling electrode but its accuracy is generally

in the range

6.3.5 Cab

+50 mV. See EN 12473.

les and terminations

6.3.5.1 All connecting cables should be of mechanically and chemically robust construction and fitted
with support and protection to avoid any mechanical damage that could occur in service, including the most
arduous environmental conditions anticipated during the design life of the cathodic protection system.

6.3.5.2 The electrical termination between the anode cable and the anode shall be watertight,
chemically resistant and mechanically robust.
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6.3.5.3 Anode cables shall be clearly marked with a permanent cable marker, e.g. anode.
6.3.5.4 Structure cables shall be clearly marked with a permanent cable marker, e.g. structure.
6.3.5.5 Reference electrode cables shall be clearly marked with a permanent cable marker, e.g. ref1.

6.3.5.6 The cable and termination insulation materials shall be resistant to their environmental
conditions and satisfy classification requirements.

6.3.3.8 The specified maximum current rating, including any de-rating factor, for, a given gize of cable
conductor shall never be exceeded.

6.3.3.9 For potential measurements, dedicated monitoring cables shall be used. Consideration should
be given to these cables being screened to avoid any electrical or radio frequency electrical finterference
to the measured potential signals.

6.3.3.10 Cables shall comply with IEC standards for ship wiringand Classification Society rqquirements.
Cablegs for impressed current cathodic protection systems shall' not pass through tanks intended for low
flashtpoint products. Cables leading to cofferdams can be reguired to be enclosed in sealed sfkeel conduit.

6.3.3.11 Cables shall not be handled, installed or maifitained beyond the recommended mipimum bend
radiiland installations e.g. cofferdams and anode assemblies shall be designed accordingly.

6.3.4 Cofferdams

6.3..1 All hull penetrations shall beimade via integral cofferdams (see Annex I) whogde structural
design shall meet Classification Society’requirements.

6.3..2 Cofferdams should bl ¢onstructed of materials which are metallurgically compatible with the
hull ;material.

7 Galvanic anogde systems
7.1 | Objectives

7.1.1 ‘Fhe objective of a galvanic anode system is to deliver sufficient current to protect] those parts
of the structure selected for protection and to distribute this current such that the cathodic protection
criteria detailed in 5.2 are met for the design life of the system.

7.1.2 For a galvanic anode system, current is provided by the galvanic action between the structure
and the anodes (e.g. alloys of aluminium, zinc or magnesium) which has a potential that is more electro-
negative than the structure to be protected.

7.1.3 The dimensions, number and location of the anodes shall be determined so that the protection
potential is achieved on the whole surface of the considered cathodic protection zone for the design
lifetime of the cathodic protection system and under the service conditions.

7.1.4 Galvanic anode systems are applicable to both external hull protection and the protection of
internal surfaces of tanks and other enclosed spaces.
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7.2 Design considerations

7.2.1 Galv

7.2.2 The
a)
b)
‘)

anic anode systems shall be the subject of a detailed design.

design shall, as a minimum, include the following:

detailed calculations;
detailed installation drawings;

detailed material specifications;

d)
e)
f)

7.2.3 The
suitable for
susceptible
by continuo

detailed
detailed

cathodi

method of achieving anode/structure continuity and calculation for design of fixings;
installation procedures and detailed drawings;

C protection potential acceptance criteria.

inner face of surface mounted galvanic anodes should be coated_with a paint sy
a marine environment. Additional elastomeric linings may also.be necessary to pr
structure coatings from mechanical damage. Galvanic anodes shquld preferably be attg
1s welding of their steel insert to the structure in such a manfier that stresses are minin

stem
otect
ched

hized

at the weld Jocation. The welding of the anodes shall be performed in-gecordance with the requirements

of the desig}
plates) whid
into the stry
maintained

7.2.4 Whq

should be optimized accordingly.

7.3 Anode materials

7.3.1 Galyj
7.3.2 The
appropriate

7.3.3 The

the driy
and the

 code. The steel insert of the galvanic anodes may be bolted to separate supports (do
h have been connected to the structure by continuouswelding. An attachment to studs '
cture is not permitted. Stud welding is permitted. Low electrical resistance contact sh
throughout the operating life of the anodes.

n low hydrodynamic resistance is required; shapes and methods of attachment of an

Anic anodes are described,intAnnex L.

electrochemical properties of the anode material should be documented or determing
tests.

information€eéquired for design purposes includes:

ing potential to polarized steel, i.e. the difference between closed circuit anode potsg
positive limit of the protection potential criterion;

hbler
Fired'
1l be

odes

ed by

ntial

the praq

tical electrical current capacity (Ah.kg-1) or consumption rate (kg.A-1.a-1);

the tota

the desi

the susceptibility to passivation;

the susceptibility to intergranular corrosion;

1 current requirements (for the zone);

gn life of the anodes.

7.3.4 Galvanic anodes for use on ships are usually made of zinc or aluminium based alloys. All anodes
used on tanks or on the external hull shall be of the same alloy type. Any exceptions to this shall be
technically justified and documented in the design documentation. Exceptions shall also be noted in
maintenance documentation.

18

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=6b3db469aef5e6d9fc35d799798328b4

IS0 20313:2018(E)

7.3.5 Magnesium anodes are not recommended for use on ship hulls because their high operating
potentials can lead to over-polarization (5.2) and possible coating disbondment. Provided that there is
no risk of over-polarization they can be used for the provision of temporary cathodic protection of the

external hull. Magnesium anodes shall not be used inside tanks and enclosed spaces.

NOTE

adequate ventilation and for relatively short periods under close supervision.

7.4

7.4.

Factors determining the anode current output and operating life

Magnesium anodes have been used for descaling purposes in ballast tanks but this is carried out with

wate|
oper
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outp

The
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7.4.2
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desig
num
detel

NOTH
bracK

NOTIH
currg

7.4.3

q

§

The anode electrical current output prnndc onitsdimensions the rpcicﬁvify ofthe
r and the driving voltage. Anodic materials exhibit different specific consumption
hting in various environments. The current output from a galvanic anode will decrease
hsumed and the dimensions decrease. Annex C gives guidance on the calculation-of arn
1t for anodes of various shapes and dimensions including end of life dimensiens.

hnode weight required is determined by the design life of the anodesysthe mean cury
this design life and the electrochemical properties of the anode matetial as detailed in

The dimensions and number of galvanic anodes required for,€ach cathodic protectia
ptimized to ensure that sufficient total initial weight of anode material is installed tg
n life (Annex C) and that the current demand for each cathodic protection zone is sat
ber of anodes installed even when consumed to their design utilization and when any c
iorated such that the current demand is at its highest.

1 There are limitations on the practical use of@luminium anodes in higher resistivity
ish water of resistivity >2 ohm.m when zinc anodes can then be used.

2 The electrochemical capacity of aluminium anode alloys is affected by operation at ve|
nt density as might be encountered with anodes on steels with a high-quality coating.

The dimensions and number pf\aitodes should be optimized to:
inimize the total weight of the‘galvanic anodes;

ovide a protective electrical current greater than or equal to the mean and maximur
urrent demand required for the permanent protection of the ship during the life of thg

— provide uniformcathodic protection current distribution.

7.4.4
alloy
(-0,

7.4.5

The commonly used net driving voltage between an anode made of a typical alum
or zinc based alloy and a polarized or coated structure at its minimum cathodic pro
V withirespect to Ag/AgCl/seawater) is between 0,15 V to 0,30 V.

The anode weight to achieve the design life should be determined using the calculatid

surrounding
rates when
hs the anode
ode current

ent demand
Annex C.

n zone shall
last for the
sfied by the
batings have

' waters, e.g.

ry low anode

n protection
e anodes;

inium based
tection level

n procedure

given in C.6.

7.4.6 Under conditions of wet-dry cycling it is possible for an anode to passivate. Normal anode
functionality may take some time to be restored when a previously dried out anode is re-immersed.

7.5

Location of anodes

7.5.1 External hull surfaces

7.5.1.1 The galvanic anodes required for each protective zone shall be distributed to ensure that the
steel surface is polarized within the recommended limits. Additional calculations can be performed using
computer numerical modelling based on finite element or boundary element methods.
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7.5.1.2 The most efficient protection is achieved by the use of a large number of small anodes well
distributed around the hull in accordance with the following:

— The stern area, including rudder and propellers, shall be regarded as a separate cathodic protection
zone because of the higher current demand caused by additional water turbulence and galvanic
metal couples. However, care is needed when locating anodes in this area since injudicious location
can lead to cavitation effects. See Annex G.

The remainder of the anodes shall be spaced along the length of the hull, preferably along suitable

flow lines, to minimize drag. The anodes should be spaced evenly or in longitudinal groups. Anodes
located in close transverse proximity can be subject to mutual interference which reduces their

current
eg.int
mecha
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7.5.1.3 Th
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7514 W
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close as pos

7.5.1.6 W
interference
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7.5.2 Intd

7.5.2.1 Anode location in tanks

7.5.2.1.1 1|
located at th

7.5.2.1.2
bottom of tH
the floor are

[n ballasttanks, anodes shall be attached to stiffeners and not directly to shell plates. A

e way of the anchor chain or where wharf damage is probable. Areas likely to sustain
ical coating damage e.g. from anchor chain abrasion, such as the forward quarters
additional anodes. Where a bilge keel is fitted the anodes should be attacheden either

e anodes shall not be attached to bottom plating or large unsupported pahels and prefe
fo the shell plating within the major longitudinal strength sections.

here anodes are to be attached to plating of fuel oil or oil cargé«tanks or internally c
eration shall be given to the use of doubler plates which hayve been continuously weld

here anodes are to be fitted for the protection of bow-thruster units they should be fitt
bible to the vulnerable areas but with due consideration to the water flow.

here anodes are to be fitted within sea chestsconsideration shall be given to stray cu
by other items included in the sea chest.

hodes will not usually cause stray current interference even in a complex chest. Electrg
anodes installed in the chest, howevter, can cause interference.

rnal surfaces

For installation inrtanks and structures which may not be completely drained, anodes sh
e lowest pointpossible.

e tankthe anodes shall be located within sections enclosed by the webs of the stiffene
a to\ehsure that the anodes are always at lowest water levels.
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7.5.2.1.3 Except for small anodes installed at the lowest point of ballast tanks in locations which may
not be completely drained, anodes should be fixed at each end and not at a single point.

7.5.2.1.4 All anodes shall be attached in such a manner that they will remain securely fastened when
in service. Galvanic anodes should preferably be attached to the structure by continuous welding of the
anode steel insert. Welding shall not take place adjacent to stress raisers such as toes of fillet welds and
changes in steel section. On stiffener flanges anode insert welds should be in line with the stiffener and
located above the web centre line. On other steel sections, the weld should not be closer than 25 mm
from the free edge.

7.5.2.1.5 The welding of the anodes or of the supports shall be performed in accordance with the
relevant requirements of ISO 15607 and ISO 15609-1 or any equivalent standard.
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NOTE AWS D1.1/D1.1M constitutes an acceptable equivalent.

7.5.2.1.6 Welds shall be performed by welders qualified according to ISO 9606-1.

NOTE AWS D1.1/D1.1M constitutes an acceptable equivalent.

7.5.2.1.7 The steel insert of the galvanic anodes can be bolted to separate supports (brackets)
connected to the stiffeners by continuous welding. Anodes can also be attached to flanged stiffeners by
the use of bolted clamps of an approved design. In such cases the clamping bolts shall be fitted with
additional lockmg nuts. Electrical continuity checks shall be performed and the re51stance shall be such

that

7.5.2

7.5.2
gases
canH
adjad

7.5.2
whet

This
dete

whel

)
I

7.5.2
objeq

7.5.2
7.5.2

7.5.2

e and steel structure and shall not be greater than 0, lohms
.1.8 Other methods of anode attachment shall be pre-qualified.

.1.9 Magnesium anodes shall not be used inside ballast and other closéd,tanks wher

might be produced. Aluminium anodes can be used with a restriction on the height a
e mounted in tanks on oil tankers with liquid cargo with flash pointbelow 60 °C and in
ent to oil cargo tanks.

.1.10 To mitigate ignition risk, aluminium alloy anodes, plus)fixings, shall not be locate
e the potential energy exceeds 275 J.

‘mined by:
[ < 28/W
e

1 is the height in meters;

V' is the gross weight of the.anode plus fixings, in kg.

.1.11 Aluminium anpdes’shall be located at positions where they are protected from di
ts.

.1.12 There/is\no height restriction for zinc anodes.

.1.13 Anodes shall be attached to stiffeners and not directly to shell plates.

e flammable
t which they
ballast tanks

d at a height

is deemed to be at a height from the tank bottem, deck or intervening member surface

(7)

rectly falling

the webs of

.14 At the bottom of the tank the anodes shall be located within sections enclosed by

the s
are a

© ISO

ifferrersonmrthe floorareabut motattached omrthewebs themselves—Thiswiltensure th
lways in seawater at lowest water levels. See Figure 1.
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bottom frame stiffener

and continuity screw

bel bar insert to be welded to U-clamp

p 1 — Example of attachment of a galvanic anode on a stiffener®of a tank bottom

n of the wetted area of the tank.

Falvanic anodes should preferably be attached to_thé structure by continuous welding ¢
nsert. Stresses should be minimized at the weldlocation.

[he steel insert of the galvanic anodes canbe bolted to separate supports connected t
continuous welding. Anodes can be attached to flanged stiffeners by the use of bolted cl
yed design (see Figure 2). In such cases the clamping bolts shall be fitted with addit]
. A continuity check shall be perferiied and the resistance shall be such that the ohmic
|0 % of the driving voltage, and ih-no case result in a value higher than 0,1 ohms.

L)

'he remainder of the anodes shall be distributed over the tank bottom and wall areas in due

f the

b the
hmps
ional
drop

\ )
Ha

Key

1

2 M-clamp
3  securing
4

5 anode
6

structural stiffener

and continuity screw

security and continuity screw

anode steel insert bar

Figure 2 — Example of installation of a galvanic anode in a tank using clamps
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7.5.2.1.18 Except for small anodes installed at the lowest point of ballast tanks in locations which
may not be completely drained, anodes should be fixed at each end and not at a single point. Anodes
should not be attached to separate members which are capable of relative movement. See DNV Rules for
Classification of Ships Part 8, Chapter 1, section 6.

The welding of the anodes or of the supports shall be performed in accordance with the relevant
requirements of ISO 15607 and ISO 15609-1 or any equivalent standard.

NOTE1 AWSD1.1/D1.1M constitutes an acceptable equivalent.

Welds shall be performed by welders qualified according to ISO 9606-1.

NOTE 2 AWSD1.1/D1.1M constitutes an acceptable equivalent.

Alternative methods of anode attachment shall be pre-qualified.

®

The inner face of surface mounted galvanic anodes may be coated but are generallyleft bar

7.5.2.1.19 Ballast tanks containing seawater where service conditions are-likely to involve the presence
of explosive gas mixtures (i.e. adjacent to oil storage tanks), the selection-and location of galyanic anodes
are governed by safety regulations.

7.5.2.1.20 Classification Society rules prohibit the use of magnésium anodes and restrict the height at
which aluminium anodes can be mounted in tanks on oil tankérs with liquid cargo with flash|point below
60 °( and in ballast tanks adjacent to oil cargo tanks.

8 Commissioning, operation and maintenance

8.1 | Objectives

The ¢bjectives of the commissioning, operation and maintenance of the cathodic protection system are
to ensure that:

— the cathodic protection system' functions in accordance with the intentions of the| design and
installation in terms of thé prescribed cathodic protection potential limits;

— the cathodic protection system for the ship’s hull, ballast tanks, and fixtures continue$ to perform
:[ accordance with¢he design;

vels of interférénce and interaction are within acceptable limits prescribed in the degign; and

31l measurements shall be made by competent persons (see Clause 4).

8.2 | Meéasurement procedures

8.2.1 The metal/seawater potential shall be measured using a high impedance (10 MQ minimum)
voltmeter connected to a reference electrode (also known as a measurement electrode when used
exclusively for measurement). Measurement electrodes shall be located as close as possible to the
steel/seawater interface being measured.

8.2.2 When permanent measurement electrodes are installed they should be at locations judged to be
representative of the most negative and the most positive potentials (see also 6.3.4) on the external hull
surface. Additional reference electrodes shall be installed in areas where the potential of the structure is
more likely to change beyond the set limits.

8.2.3 In the case of impressed current systems, reference electrodes shall be fitted to the structure
at suitable locations to automatically control the output of the anodes and ensure critical areas are
polarized to within the set limits.

© ISO 2018 - All rights reserved 23


https://standardsiso.com/api/?name=6b3db469aef5e6d9fc35d799798328b4

IS0 20313:2018(E)

8.2.4 If this measurement circuit remains permanently connected, care shall be taken that it does not
draw excessive current (including when idle) from the reference electrode which can become polarized
and give false indications.

8.2.5 Theuse of portable coupons and electrical resistance probes can be considered for commissioning
to allow readings to be made in areas where there is no permanent reference electrode installation. They
can be particularly useful when establishing the effectiveness of the dielectric shields.

8.3 Commissioning: Galvanic systems

8.3.1 For galvanic systems a survey of hull to seawater potentials shall be undertaken within oneynj
of first operfation. The survey shall be undertaken using a portable reference electrode to supple
any permangent monitoring provisions installed. The survey shall ensure that the criteria in5.2’sel

at the desig

8.3.2 Ball
reference el

8.3.3 Ag/{
a salinity of
should be c

stage are met at representative locations.

st tank system potential measurements can only be made using pefmanently inst
bctrodes.

\gCl/seawater portable reference electrodes should only be usediyin undiluted seawater
3,5 %. If surveys are undertaken in brackish water the use 6f'Ag/AgCl/0,5M KCl electy
bnsidered; however galvanic anode systems designed to~operate in open seawater si

onth
ment
bcted

alled

with
odes
ould

not be survgyed for commissioning purposes in brackish or fresh water. If the vessel is commissionjed in
brackish walter the cathodic protection surveying for commissioning should be undertaken as so¢n as
possible aftdr the vessel is in undiluted seawater.

834 Are
Period (or g
and anode r

bility
cking

peat survey as above should be undertaken ofre month before the end of the Defect Lia
1larantee) for the ship and its cathodic protéction system or within 12 months of dry do
eplacement.

8.4 Comirpissioning: Impressed currentsystems

8.4.1 Visual inspection

isual
I/ are

8.4.1.1 Th
inspection
labelled whg

e cathodic protection system and all its components shall be subject to a complete
vithin the dry dock-eonfirming that all components and cables are installed properly
re appropriate,.and protected from environmental, human or marine life damage.

84.1.2 In
electrical re
continuity a

the dry dock the electrical isolation of the anodes from the hull shall be confirmg
Kistancesxmeasurement; the values shall be recorded. All cable circuits shall be checke
hd inSulation and the polarity of the d.c. supply output shall be confirmed.

d by
d for

8.4.1.3 Allthe instatted anodes and Teference etectrodes shatt be visuatly inspected to confirm that the
installation is in accordance with the detailed design documentation and that the anodes and electrodes
have not been coated.

8.4.1.4 The dielectric shield shall be visually inspected to confirm the dimensions are in accordance
with the detailed design and that the installation complies with the design documentation. The shield
shall be tested for film thickness and for absence of defects (“holidays”) both in accordance with the
documentation and the dielectric shield manufacturer’s recommendations.

8.4.1.5 All inspections and data shall be recorded on inspection and test plans in accordance with the
quality plan.
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8.4.2 Pre-energizing measurements

As soon as possible after the vessel is floated out from the dry dock, pre-energizing measurements shall
be made and recorded in accordance with the quality plan prior to switching the cathodic protection
system on, and shall include the following:

a) hull and appendage to seawater potentials with respect to permanently installed reference
electrodes;

b) hull and appendage to seawater potentials with respect to portable reference electrodes;

8.4.3

The
requ
qualj

|

1

q

PN T

d) 1

e)
8.4.4

8.4.4
elect]
the ¢
locat

installation a

erformance monitoring system.

Initial energizing

cathodic protection system shall be energized (switched on) in accofdance with
rements for initial polarization. Measurements shall be made and recorded in accorda
ty plan and shall include the following:

[he potential of the hull and fixtures to seawater with respect to all permanent
eference electrodes.

The potential of the hull and fixtures to seawater with respect to all portable referenc
gnd coupons.

Lonfirmation of polarity. Confirmation of the conrect output polarity for impressed
ystems and power sources shall be undertaken.' This is to confirm the correct po
ransformer-rectifier output and that cables are connected to the correct components
o seawater potential values shift in a positive direction they shall be immediately
o determine the requirements for additional testing and/or remedial works. Con
orrect output polarity shall be undertaken by personnel having the competency levelg

(Clause 4.

f any steel to seawater potential values shift in a positive direction they shall be inv

determine any requirements-for additional testing and/or remedial works;

The output voltage and c¢urrent of all transformer rectifiers and the current of all indivi

Performance-assessment

.1 Within_one month of energizing, a survey shall be undertaken using a portab
Fode to supplement the permanent monitoring provisions installed. The survey shall
riteriasint 5.2 Cathodic Protection Criteria selected at the design stage are met at re
lons,

s part of the

the design
nce with the

ly installed

e electrodes

current CP
arity of the
If any steel
nvestigated
firmation of
specified in

estigated to

Hual anodes.

le reference

ensure that
presentative

8.4.4.2 Ag/AgCl/seawater portable reference electrodes should only be used in undiluted seawater
with a salinity of 3,5 %. If surveys are undertaken in brackish water the use of Ag/AgCl/0,5M KCI
electrodes should be considered.

NOTE

by ch

loride ions, which makes the reference electrode unstable.

Cu|CuSO04 reference electrodes are not suitable for use in marine environments due to contamination

8.4.4.3 Arepeatsurvey as above should be undertaken one month before the end of the Defect Liability
Period (or guarantee) for the ship and its cathodic protection system or within 12 months of dry docking
and anode replacement.

8.4.4.4

© ISO

See 5.2 with respect to criteria and IR drop errors.

2018 - All rights reserved

25


https://standardsiso.com/api/?name=6b3db469aef5e6d9fc35d799798328b4

ISO 20313

:2018(E)

8.5 Operation and maintenance

8.5.1 General

The operation and maintenance and testing intervals and procedures shall be as recommended in the
operation and maintenance manual or as subsequently modified based upon performance of the system.

8.5.2 Galvanic anode systems

8.5.2.1 For galvanic anode systems, periodic performance assessment shall be undertaken. This will

comprise p
portable ref

8.5.2.2 Fo
performed, 4
to proven ps

8.5.2.3 In
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record of th
physical da
missing ano
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sea chests.
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Tentiatl MeasuUrements, I accoraance wWitht 8.2 at tdentified tocations around the muit o
brence electrode.

[lowing the commissioning testing in 8.3.1 galvanic systems further testing' sho

rformance and planned dry docking intervals.

addition, dependent on the type of vessel, location of anodes, and<dry-docking interv
ction of the anodes may be undertaken by diver survey, includitig a full report and a Y
e work carried out. The survey should assess the consumption of the anodes, chec
nage to anodes and check that the anodes are visibly secupve. Any damaged, consum
Hes should lead to a risk assessment of the protection levekof the hull or fixtures. If nece
s should be replaced. Attention should be given to petential surveys and diver inspecti

ressed current systems

Ir impressed current systems, the normaloperation will include confirmation that the sy
bn and that a record of the operation.of the system is in place, recording any downtimg
hat all systems are functioning and-all anode current outputs are similar to those recd

during the pfrevious assessment.

8.5.3.2 Oy
include:

measur

measur
electrod

NOTE
assessm

measur

system

calibrat

erall monitoring and inspection procedures together with typical frequency of activity

ement and recording/of transformer-rectifier output total current and voltage (daily);

ement and recerding of hull steel/seawater potential with respect to fixed measure
les (daily);

In brackish or fresh water instant off potential measurements are necessary for the acc
ent,of polarization.

u
ypically between 9 months and 12 months and then at intervals of 2 years to, 5 years S\}I

ing a

d be
bject

qls, a
rideo
k for
ed or
sary,
on of

stem
b and
rded

shall

ment
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bt o

(as appropriate);

ion of permanent reference electrodes;

measurement of parameters from any other sensors installed as part of the performance monitoring

detailed representative survey of the entire structure using portable reference electrodes (after

dry-docking or any major repair/refurbishment of the cathodic protection system and annually);

isolation of anode to hull.

26

measurement of potential difference between anodes and the hull to verify the metal to metal
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The measurement electrodes shall be calibrated at regular intervals preferably not exceeding one
year, by measuring their electrode/seawater potential with respect to a Ag/AgCl/0,5M KCI reference
electrode or any other reference electrode recently calibrated.

8.5.3.3 For installations where the measurement electrodes cannot be dismantled from their
permanent location, a portable reference electrode shall be used for their calibration. This shall be placed
as close as possible to the permanent measurement electrode and the cathodic protection current should

be switched off during the calibration procedure.

8.5.3.4
diving

ener

8.5.4

8.5.4
a shi
that
affec
strud
corrg

8.5.4
chan
strud
mor¢

8.5
protg

be undertaken to determine the effects-oii-the ship’s hull by the adjacent cathodic protection

Impressed current systems can pose a risk to divers and are normally switche

tions can be taken to

&5 U V ) U Vv C )
bized so that the necessary ac ensure their safety.

Interaction with adjacent structures

.1 Interaction testing is not normally required in respect of ships due to'their mobility
p is laid up, or is berthed for long or repeated periods alongside quays-orjetties, it is re

fed by the cathodic protection system (see EN 13509 and EN 50462). Any changes to
ture-to-electrolyte potentials greater than those permitted jn EN 50162 shall be inve
cted.

.2 Adjacent structures fitted with cathodic protection shall not have their prote
ped beyond the levels indicated in EN 50162 by the ship’s cathodic protection syster]
tures not fitted with cathodic protection should.not have their corrosion potentials
than +20 mV by the new cathodic protection.system as defined in EN 50162.

.3 Similarly, if a ship is laid up or berthed for long periods adjacent to a quay or jetty w
cted with cathodic protection, it is recomimended that cathodic protection interaction te

d off during

ne system is

. However, if
commended

nteraction testing should be carried out to demonstrate that adjacdent structures are njot adversely

the adjacent
stigated and

ction levels
ns. Adjacent
changed by

thich is itself
sting should
system.

8.6 | Dry-docking period

8.6.1 Galvanic anodes shall’be inspected and replaced if their consumption rate is sych that the
cathodic protection system-would not be adequate for the full period to the next dry-docking.

8.6.71 For impressed current systems, insulating resistance of anodes and electrodes to the hull shall
be measured. Measurements shall be carried out after having cleaned the periphery of|anodes and
electfodes tofavoid an electrical continuity due to salt deposits. Insulating resistance shojild be more
than|1 MQ.

NOTE ) Insulating resistance will be low if there is moisture or a layer of water film between the¢ hull and the
impressed current anode or Teference electrode.

NOTE 2

due to water absorption.

Insulation resistance of the anode holder or the reference electrode assembly will decrease over time

8.6.3 Values below 1 MQ may be acceptable for performance but should be investigated as they

indic

ate possible deterioration.

8.6.4 The coating should be visually examined to determine if the coating deterioration is within the
value assumed in the cathodic protection design and if there is any evidence of coating damage caused by
the cathodic protection.
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electrodes require recalibration (8.5.3.3)

9 The protection of ships' hulls during fitting out and when laid up

9.1 Fitting out period

9.1.1

Inspection of the reference electrodes and anodes should be made. After re-floating all reference

If cathodic protection is to be applied to a ship it is desirable that it is applied from the time

of launching. Conditions in fitting-out berths are often severely corrosive and it becomes especially

important tg
could influe
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nce the effectiveness of the permanent system.

OTI1T

n it is intended that a ship is fitted with a galvanic cathodic protection system in-sérvice
ted before launching in order to protect the hull during fitting out and until-the first dog

If cathodic protection in service is to be by impressed current, then temporary galvanic ar

ended over the ship's side and bonded electrically to the hull (see-Annex J); these an
fficient to provide full polarization in accordance with this docdment. These anodes c
pard if the vessel changes berth, and lowered again on arrivalat the new position.

p period

e duration of inactivity is not predictable, permanefit hull-mounted galvanic anodes ma|
since their replacement requires docking. The, choice between suspended galvanic an
essed current system powered from a shorgsupply will be determined by accessibil
wvhether occupation of a berth is anticipated:At permanent moorings, galvanic or impr¢

water is sufficient to avoid paint damage.

9.2.2 The
a few days.
remain stab

9.2.3 The
8.5.4 shall b

9.2.4 Vess
growth colo
criteria shal

initial setting of the correct current requires two or three potential surveys at interv
Thereafter, surveys may be.at intervals of several months, provided the water condi
e and the operation of the cathodic protection system is stable.

proximity of otheryvessels or structures and the need for interaction testing as detail
e addressed.

els that are,laid up and static for extended periods (years) might be subjected to m
hization@nd microbially influenced corrosion (MIC). In these circumstances, the prote
be as for anaerobic conditions as in Table 1.
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10 Docu

entation

10.1 Objectives

10.1.1 All information, data and results, relevant to the cathodic protection system shall be recorded
and retained.

10.1.2 This shall include all data pertinent to the design, manufacture, installation, commissioning,
operation and maintenance recommendations and effectiveness of the cathodic protection system.
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10.1.3 The as-built documentation shall reflect any changes from the design specification including any
variations in the equipment locations, deviations in water line and any other characteristic that can alter
protected areas.

10.1.4 Commissioning data shall include results of surveys conducted after energizing each cathodic
protection zone to assess that each zone satisfies design criteria and operates effectively. Structure
potential measurements are required to demonstrate that the protection is achieved and, in the case of

laid up vessels, any interaction testing with respect to adjacent structures.

10.2 Galvanic anode systems

The
the s

1
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[(

1

1
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1

following data shall be maintained for reference and shall be updated, when changes
ystem:

design criteria including the design life, the environment characteristics (i.e,water resi
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urrent at different periods and working conditions, and the anode’s"decumented 4

apacity and closed circuit potential;

eferences and documentation;

oating data;
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cation being highlighted (these locations can<bé conveniently recorded on a spec

he location, description and specification of any current or potential control or monito

including reference electrodes, measuring equipment, and connecting cables;

he commissioning results including potential survey data from both fixed reference e

gny) and from a representative survey of the entire structure using portable reference

he results of periodic (maintenance inspection survey data including current (if p

protection potential méasurements, equipment and the measuring technique in order {

hanges of the protecCtion potential status of the structure;

in Operation~and Maintenance Manual which shall detail the as-built system, ins

esting progcedures, and inspection and testing intervals. The data detailed above may
e incorpopated into this volume;

nodereplacement history;

Horing oaauinmannt ~honagnc

henumber ofanodes, their dimension, weight, specification, alloy’‘composition, documen
lhour capacity measured during tests, and other characteristics, as'well as the manufacty|

he location of each anode as checked during construction, all discrepancies with

¥fthe structure), the method of attachment, the date of installation. These data shall
uring the life of the vessel;

are made to

stivity, etc.),
odes output
mpere-hour

ted ampere-
frer/supplier

the design
fic drawing
be updated

'ing devices,

lectrodes (if
electrodes;

bssible) and
o follow the

pection and
y in addition

10.3

Impressed current system

The following data shall be maintained for reference and shall be updated, when changes are made to
the system:

— the design criteria including the design life, the environment characteristics (i.e. water salinity
range, resistivity, etc.), the protection criteria, the current density requirements, the design values
of the anode output current and associated power supply output voltage at maximum current and
anticipated operating currents at minimum and maximum extent of coating breakdown;

— coating data;
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the number of anodes, their dimension, specification, anode element composition, connection
details, anode current densities and voltages, maximum, average, minimum anode life, etc., along
with the manufacturer/supplier data and documentation;

the description of the means of attachment of anodes, the composition and location of any dielectric
shield (when applicable), as well as the specification, characteristics and attachment method and
through-wall or through-hull arrangements of the connecting cables;

the location of each anode as confirmed and recorded during construction, all discrepancies with
design location being highlighted (these locations can be conveniently recorded on a specific
drawing of the structure), the date of installation. This data should be updated during the life of the

structu

the locd
recorde

the locq
d.c. pow

the locd
electric
equipm

the commissioning results including steel/seawater/reference~eléctrode potential survey

from bq
using p
calibrat
automa
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and doy
the stru

an Oper]
procedy
above n

interact

<

tion, dimensions, surface preparation, material, dry film thickness and inspection
d during the installation of all dielectric shields;

tion, detailed specification, drawings, circuit diagrams and output characteristics of
er source (e.g. transformer rectifier) with their factory test reports;

tion, description and specification of any performance monitoring“and control syj

ent and connecting cables;

th fixed reference electrodes and from a representative survey of the entire stru
brtable reference electrodes, current and voltage output values of each d.c. power so
ion measurements for each fixed reference electtode and any adjustment made for
Fic devices;

h1ts of data recorded during periodic maintenance inspection including steel/seaw
‘e electrode potential values, d.c. output values, maintenance data on transformer-rect
yntime periods in order to follow the changes of the cathodic protection system staty
cture;

ation and Maintenance Manual which shall detail the as-built system, inspection and te
res, inspection and testing.ihtervals and provide a fault-finding guide. The data det]
jay in addition be incorporated into this volume;

ion testing results and)any mitigation.

data
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Annex A
(informative)

Impressed current system for external hulls of ships based on two

cathodic protection zones

¢
jon

vo cathodic

A Schamf\f;n arranagamant for an tranraccend oot cuctans for bolle of chin
RFemauedHahRgeentTrera - HRpresSSea—ccu e Rte5yStemounS—-oo—51HP

proté¢ction zones is given in Figure A.1.

1 2
R ==— — = &
<
q?%zi:A =
7
R = — =T

aft (stern) installation
forward (bow) installation

Protection current transformer rectifier with potentiostatic control.

( Impressed current anode (inert). Eleetrically isolated from the hull.

Permanent reference electrode, Electrically isolated from the hull.

Key
1
2
A
=
:; Propeller connection via shaff brush ring

Rudder grounding.viacable.

All hyll penetrations to be via cofferdams (not shown).

Figure A.1 — Typical schematic arrangement for an impressed current system for hu
based on two cathodic protection zones

1Is of ships
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Annex B
(informative)

Guidance on design current density values for cathodic protection
of ship’s hulls and tanks

B.1 Recommended design current densities for the cathodic protection of bate
steel (/p) and for coated areas on a ship’s hull

Cathodic cyrrent demand is calculated from the surface area multiplied by the seleeted cufrent
density and[ modified by the presence of coatings and their gradual breakdown. The ¢urrent depsity
can be that required for bare steel, in which case a coating breakdown factor has‘to'be applied t¢ any
coated stru¢ture. Alternatively, a “global” approach can be adopted which assunies a defined copting
breakdown pppropriate for the intended dry docking (or maintenance) periods.

Current denpities can be selected from previous history of cathodic protection system performance and
experience. [[n the absence of documented and reliable performanceddata, the recommended cufrent
densities for both approaches given in Table B.1 can be used.

Table B.1 — Recommended design current densities for protecting bare steel and for a glopal
approach

Global design current density?
Design current (mA.m-2) for coated vessels at

Typical situation density(mA.m-2) | periods to maintenance (dry
forbare steel docking)
Up to 3 years¢ 5 yearsd

Near(statica

without tidal influence 100 to 200 5to 10 8to 16

with tidal influence 150 to 250 7 to 13 12 to 20
Movipg vessel...

spepd <20 kn 220 to 350 11to 18 17 to 28

speed =20 kn 350 to 500 18 to 25 28 to 40
Vessgls in ice 500 to 750 35to 55 60 to 90
Corrgsion resistant alloys (CRA) in- >500 N/A N/A
cludihg Propellers
Ballagt tanks including slop tanks etc 90 to0 130 10 15

a  Includes buoys, pontoons and static barges. Values can vary with ambient temperature, i.e.
geographical location.

b Current density values are presented as ranges rather than absolute values since a wide range of
service conditions are possible. The CP designer shall determine the appropriate design value. (See 5.5.3.8).

¢ For a2 year or 3 year drydocking interval using an illustrative coating breakdown of 2 % initial plus
1,2 % per year. See B.2 for coating breakdown guidance.

d  For a 5-year dry docking interval using an illustrative coating breakdown of 2 % initial plus 1,2 % per
year. See B.2 for coating breakdown guidance.

e Ten m.s1isapproximately 20 kn.

These current density values used for calculation will determine the current demand for cathodic
protection. For coated structures, the initial current required for polarization is seldom important and
the mean (design) current determines the current required to maintain polarization. When coating
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damage occurs, there should be sufficient output from galvanic anodes even when fully consumed
to its designed utilization value to allow rapid repolarization to occur and the maximum current
requirements (for galvanic anode calculation purposes) can be 20 % to 30 % higher than the design
current.

Impressed current CP systems lead to a less efficient current distribution due to the smaller number of
anodes although of much higher current output. An impressed current system should be designed to
be able to provide a minimum of 25 % more than the calculated maximum protection current demand.

NOTE

ballast tanks Corrosion Resistant Alloys (CRAs) can be used, e.g. Cu/Ni heating coils.

The current densities in Table B.1 relate to those required for bare carbon steel. However, in some

CRA
mate

by themselves can require a similar current density to achieve corrosion control
rial. When electrically bonded to a carbon steel alloy, however, the CRA has to be pol

to thle design protection potential of the steel to avoid galvanic attack and protect|the s

CRA
requ

Othe

The
temp
curr

Valug
cons
B.2

Initid

Dete
dura

For 1

this can require two to three times the current density required for corrosign’control
rements should be considered by the designer.

I bare metals such as cuprous alloys can use the same values as bare-ste€l.

current densities on CRAs are dependent upon water composition, dissolved ox
erature and film forming capabilities of the solution. ProducedWater will invariably r¢
bnt densities than seawater.

s as given in Table B.1 can be used where a total surface‘area and coating breakdown|
dered.

Coating breakdown of conventional paint systems (f;)

1l coating breakdown factor: 1 % to 2 %.

Fioration rate for coatings exposedto.Im2 environment (as defined in ISO 12944-2)
bilities (as defined in ISO 12944-13;

3 % per year low durability ceatings;

1,5 % per year for medivm-durability coatings;

,5 % to 1 % per yearfor high durability coatings.

igh-speed ships.fSpeeds above 12,86 m.s~1 (25 knots)] and ships in harsh or ice servic

coating breakdown'rate may be higher.

of the CRA
arized close
teel. For the
hlone. These

ygen levels,
equire lower

approach is

for various

b the annual
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Annex C
(informative)

Anode resistance, current and life duration formulae

C.1 Anode resistance formulae

C.1.1 Gen

Formulae g
considered |

C.1.2 For
Typically, ap
if L>4r

__P
a2 24
if L>4r

R. =P

a

where

Ry isa

L isld

r isr

p IS sq
Simplistical
the resistan
modelling.

—+X11n
2AL

eral

ven in this informative annex are those that are in general use. Other formulae cqn be

pased on documented experience.

slender anodes mounted at least 0,3 m offset from the structure steel surface
plicable to suspended anodes for laid up vessels.

—x[ln
L

€1

r (C.2)
+__
2L

hode resistance in Q;

ngth in m;

hdius in m;

bawater resistivity in .m.

15 m
itical

y, for anodes-mounted closer than 0,3 m offset from the steel surface but more than 0,
ce can be assumed to be R, x 1,3. This simplification can be improved by mathem§

C.1.3 Longflush mounted anodes on the structure steel surface where length >4 x w

idth

Typically, applicable to long hull anodes; impressed current or galvanic.

Io}
R, =—
28
where
p
S
34

(C.3)

is seawater resistivity in 0.m;

is the arithmetic mean of anode length and width in metres.
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C.1.4 Short flat plate mounted flush on the structure surface where length is <4 x width

Typically, applicable to circular bow mounted impressed current anodes or short galvanic anodes.

R, =0,315-2

Ja

where

R, isthe anode resistance in ohms;

(€.4)

IS the environment resistivity in onim metres;

A s the exposed surface area of anode in square metres.

C.1.5 For closely spaced arrays of anodes

Anodes in close proximity to each other will affect the electrical field around adjacent
redufe the current output from each anode, effectively the resistance ‘of)the individual
array of anodes will be increased by proximity to adjacent anodes.

Closgly spaced anodes should be the subject of specific design assessment and their resist
detefmined by using alternate classical resistance to earth formulae and/or mathematical

anodes and
Anode in an

hnce may be
modelling.

C.2 | Calculation of the anode resistance at thé.end of life

The gnode resistance will increase with time if consumption of the anode results in dimensional changes.
It is necessary for the design to assess the currentoutput capability of the anode at the end of life.

a) Calculation of end of life anode weight:

For dll anode shapes:

Wrinal = Winitial * (1 - u) (C.5)

whefe

| 4 is the net niass of anode alloy (excluding the steel core) in kilograms (kg);

Winitial is thednitial Value;

Wrinal  is'the Final (or end of life) Value;

i 1s the utilization factor determined by the portion of anodic material consumed when the
remaining anode material cannot deliver the current required (dimensionless)} The shape
of threammodeand thedesigmof the steetcore withimr it wittaffect the utitizatiom factor,
which may be in the range of 0,70 to 0,95.

Calculation of end of life anode dimensions:
b) For slender anodes
Lfinal = Linitial X 0,9 (C.6)
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where
Linitial

Ltinal

2018(E)

is the initial value;

is the final (or end of life) value.

The depleted anode, with its steel core, is then assumed to be a cylinder with length Lgina) and its cross
sectional area is calculated from the estimate of Wsjna) above, the density of the anode alloy and the

volume of th

e anode core within the final length of the anode.

We
Xfinal = final + X core
danode 'Lfinal
e - Xfinal
final \ A
where
Xtinal  |is the final (or end of life) value cross sectional area of the anode (including the core) i
square metres (m2);
Xcore [is the cross sectional area of the core in square metres (m2);
danode |specific gravity of the anode alloy in kilogram per cubic.metre (kg/ms3);
reinal  |final (or end of life) anode radius in metres (m).

Final anode
I'final and L

1) For long

As for slend

Ffinal :\

2) For shol

Assume tha

C.3 Elect

The resistiy
range of not

hal. S appropriate.

br anodes, but assuming that thefinal shape is a semi-cylinder, hence:

resistance is then determined according to.relevant resistance formulae using valy

flush mounted anodes

2 Xfinal
A

t flush or bracelet anodes

the resistance-does not change from the initial value.

rolyte resistivity

ity Ofiwater changes significantly with temperature and should be assessed over th
rhal temperature variations for the particular location. Temperature should be meag

=]

(C.7)

(C.8)

es of

(C9)

b full
ured

at every seawater resistivity determination and declared with the measured data to enable this
assessment to be made.
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Table C.1 — Resistivity in ohm.m (Q.m) with respect to temperature

Salinity (g.kg-1 or 0/00)
Temperature °C 20 25 30 35 40
0 0,573 0,468 0,396 0,344 0,304
5 0,496 0,405 0,344 0,299 0,265
10 0,435 0,356 0,302 0,263 0,233
15 0,385 0,315 0,268 0,233 0,207
20 0,345 0,282 0,240 0,209 0,185
25 6,311 8,255 0,216 6,189 0,167
NOTH After National Physics Laboratory/Kaye and Laby.

Elect
resis
curr
suffi

For b
salt ¢
meas

Typi
—
—
— 1

—

C.4
The

whet

]

4

rolyte resistivity is of particular importance in the design of galvanic anode Systems

ent output. The effect is less critical for impressed current anodescif\the design |
Cient output voltage variation.

rackish water, the resistivity may fluctuate greatly (typically 0,20 €m to 10 (0.m) depe
ontent. As these values are so widely divergent it is evident thatthe actual values shou
ured as a preliminary to the design process.

fal resistivity values:

old seawater: 0,30 Q.m to 0,35 Q.m

varm seawater: 0,15 Q.mto 0,25 Q.m

emperate brackish water: 1,00 {l.m to 5,00*Q0.m

resh river water: 3,00 Q.m to 30,00.2.m

Galvanic anode currentoutput
rurrent output of a galvanicanode may be determined using Ohm's law.

_av
R

issthe’current output in amps;

\l)-_. "is the driving voltage in volts;

because the

tivity value has a significant effect on the calculated anode resistance and hence the calculated

brovides for

hding on the
Id always be

(C.10)

R is the circuit resistance in ohms;

AU is generally taken as the potential difference between the polarized potential of the steel (- 0,80 V
with respect to Ag/AgCl/seawater) and the operating potential of the particular anode alloy in seawater
(Typically -1,10 to -1,05 V for aluminium based alloys, -1,05 to -1,00 V for zinc based alloys and
between -1,65 V and -1,45 V for the range of magnesium alloys all with respect to Ag/AgCl/seawater).

For a ship’s hull being protected to —0,80 V with respect to Ag/AgCl/seawater with zinc alloy anodes,
AU will be in the range 0,20 V to 0,25 V.
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C.5 Galvanic anode life
The anode lifetime (Tanode) may be determined using the following formula:

w.

-u
Tanode =% (C.11)
S

where

Tanode is the effective lifetime of the anode in years;

Wanode [1s the net mass of anode alloy (excluding the steel core) in kg;

u is the utilization factor determined by the portion of anodic material consumed\when |[the
remaining anode material cannot deliver the current required. The shape of the'anod¢ and
the design of the steel core within it will affect the utilization factor, which may be in the
range of 0,7 to 0,95;

E is the consumption rate of the anode material in the environment considered, in kg.A-}.a-1
(see EN 12496);

Is is the average (mean) current output of the anode during thélifetime in amperes.

C.6 Minimum net weight requirement

The minimym total net weight of the anode material required’for a cathodic protection zone may be
determined|from:

I -8760

mean 'Tdesign (.12)
Q-u B

Wtotal =

where

Whotal iis the minimum total net weight of galvanic anode material required, in kilograms (kg);
Imean 1S the total maintenance\clirrent required for the structure, in amperes (A);
T4esign s the design life (petiod between dry-docking) for the anode system, in years (a);

u is the utilizatignfactor determined by the portion of anodic material consumed when the
ftemaining anode material cannot deliver the current required (dimensionless). The shape
f the andde'and the design of the steel core within it will affect the utilization factor, which
may bein the range of 0,7 to 0,95;

Q is'the practical anode capacity for the allode material in the environment considered, if
ampere-hours per kilogram (Ah.kg-1) (see EN 12496);

8760 is the number of hours in one year.
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Annex D
(informative)

Electrical bonding systems

Examples of arrangements for achieving electrical bonding with the hull are illustrated in Figure D.1
(for shaft) and Figure D.2 (for rudder).

A001

Key
dhaft

dlip-ring halves adjusted-to the shaft diameter
propeller shaft

Bracket weldedto.the hull

Brush-holdenwith an electrical connection to the hull
d¢arbon brush minimum number = 2

propeller shaft

X N O U A WD

rouhd cable

Figure D.1 — Propeller shaft
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Key

Ul s W N

40

socket fqr bolt, brazed or, preferably, welded

hull internal

ground dable and lug

cable comnected to brazed or welded lug on rudder stock
rudder sfock

Figure D.2 —'Rudder
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Annex E
(informative)

Monitoring of electrical bonding of a ship's propeller

A typical and optional arrangement useful for monitoring the quality of electrical bonding between the
shaft of a propeller and the hull is represented by Figure E.1. A measurement of 0 mV between shaft and

hull indicates optimum electrical continuity bonding. Except if otherwise specified, a maxyimum value

of 50 mV at maximum current output is acceptable.

Key

1

2 1nonitoring brush(es)
3 londing brush(es)

4 ull structure

5 :[ropeller shaft

6  dlip-ring

mV

dentre zero mv analogue meter or dvm

1 2 3

Figare E.1 — Typical arrangement for monitoring electrical bonding between shaff and hull
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A schematiGarrangementtoranimpress

Annex F
(informative)

Impressed current system for ships based on an aft (stern)

system only

system only]is given in Figure F.1.

cad curvant cuctam for hulle of chine hacad An A ~f+ (o ern
o CaTr T et oy ot e T O T Iro o O T U PO ot o Ot o e (U

5 A\
4 3
Key
1 dielectrig¢ shield
2 inertanqde
3  reference electrode
4  propellef shaft brush ring (as Figure DA)
5 rudder grounding (as Figure D.2)
Figure F.] — Typical arrangement for an impressed current system for ships based on an pft
(stern) system only
42
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Annex G
(informative)

Location of galvanic anodes in the stern area

Typical locations of galvanic anodes are represented by black shapes in Figure G.1. To avoid cavitation
effects anodes should not be placed in the grey area shown. Recommended dimensions of the grey area

are given in Figure G.2. o
N

Q
Figure G.1 — Arrangemeqﬁ%f galvanic anodes in vicinity of propeller

O
\
O

.

2,5/3D

Figure G.2 — Dimensions of the grey area (1) not recommended for location of anodes
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Annex H
(informative)

Electrochemical characteristics of impressed current anodes

This informative annex provides details of the most commonly used mixed metal oxide anodes
(MMO). Other anode types can be used provided that they meet the mechanical and electrochemical
performancp requirements specified in the cathodic protection design.

H.1 Properties of the MMO electro-catalytic coating

The electro{catalytic coating has the following physical-chemical properties:

1  Acrystdlline structure, with density ranging between 6 g.cm=3 and 12 g.cm¢3
2 A metallic type of conduction: the resistivity is in the order of 1 x 10-7 chm.m
3 Ahigh durface area to catalyse oxidation reactions

A typical MMO coating for anodes has a Tafel slope value ranging from 30 mV to 50 mV per dgcade
and from 40 mV to 60 mV per decade for oxygen evolution. Theivalues vary depending upon the MMO
compositior].

Variations afre dependent on the specific environments where chlorine or oxygen is evolved.

H.1.1 Current density

H.1.1.1 In|seawater

The maximym recommended current density for MMO anodes in flowing seawater is 600 A.m~2 Flowing
seawater is defined by the following basic parameters:

1 Resistiyity: max 0,35 Q.m
2 Salinityf min 25 g.l-1

3 Chlorin|ty: min 16 g~

4 Flowrate: min0,01 m.s-1

5 Temperpture'range: from 10 °Cto 70 °C

H.1.1.2 In fresh and brackish waters

Fresh and brackish water are defined by the following basic parameters:

1 Resistivity range: from 0,35 Q.m to 300 Q.m

2 Temperature range: from 10 °Cto 70 °C

The maximum recommended current density for MMO anodes in fresh water is 100 A.m~2

The maximum recommended current density for MMO anodes in flowing brackish waters is 100 A.m~2
but it may be increased up to 300 A.m~2 depending on water chloride content and temperature.

Typical electrochemical characteristics of anodes used for impressed current systems of hulls of ships
are given in Table H.1.
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Table H.1 — Typical electrochemical characteristics of impressed current anodes

Maximum
Maximum current voltage
Anode materials Consumption rate densi between anode
ensity .
material and
electrolyte
(g.Alal (A.m-2) V)
Platinized titanium 0,004 to 0,012a 500 to 3000 8b
Platinized niobium 0,004 to 0,012a 500to 3000 50
Platipized-tantaltm 0.004-to-0-0122 500+0-3-000 100
Mixgd Metal Oxide (MMO) on titanium 0,000 5to 0,001 400to 1 000c 8b
subsfrate
Lead silverd 25to 100 250 to 300 24

a  The life of the platinum film may be affected by the electrolyte resistivity, the consumption rate infreasing with
resisfivity. The life of the platinum film can also be affected by the magnitude and frequengyof the ripple pregsent in the DC
supply. A magnitude lower than 100 mV (RMS) and a frequency not lower than 100 Hz are recommended.

b Ih seawater, the oxide film on titanium can break down if the anode poténtial exceeds 8 V with respect to
Ag/AgCl/seawater electrode. Higher voltages may be used with fully platinized ©r"MMO coated anodes or|in less saline
environments.

¢ In cold seawater the maximum anode current density of Mixed Metal.OXide on titanium substrate anojdes should be
limited to 100 A.m=2 between 0 and 5 °C and 300 A.m-2 between 5 and 10°C:

d  BbO; film needs to be formed and maintained by a sufficient anodic current density (typically 100 A.m-2 and
40 AJm-2 respectively, in aerated seawater). The use of platinum pias-in the lead/silver alloy may reduce these minimum
valugs (typically to 50 A.m-2 and 20 A.m-2 respectively).
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