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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

elec

trotechnical standardization.
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ISO

—t

for petroleum, petrochemical and natural gas industries, Subcommittee SC 2, Pipeline transportat

Thi
rev

lication as an International Standard requires approval by at least 75 % of/the me
ing a vote.

bntion is drawn to the possibility that some of the elements of this document may be th¢
ent rights. ISO shall not be held responsible for identifying any or all 'such patent rights.

15589-2 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offhor

5 second edition cancels and replaces the first edition (ISO45589-2:2004), which has been
sed as follows:

In Clause 6 recommendations for isolating joints-dte included.

In Clause 7 a subclause on hydrogen-induced-Stress cracking evaluation is included.

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Direetives, Part 2.

main task of technical committees is to prepare International Standards. Draft Infernational
ndards adopted by the technical committees are circulated to the memberybodies [for voting.

er bodies
 subject of
b structures

onsystems.

technically

In Clause 7 coating breakdown factors have been reorganized by splitting into “with” andl “without”

concrete coating. More conservative values for some coating systems have been selecte
feedback from daily practice in indastry.

In Clause 8 recommendations.oir anode electrochemical properties for seawater with 1
are included.

Design values for electrochemical capacity in Clause 8 have been reduced. Higher
permitted if properly documented.

Quality controlcof anodes has been adjusted regarding tolerances, straightness, mal
irregularities'and cracking (Clause 10).

The guidarce on attenuation calculation has been significantly extended. A new Annex
introdueéd and includes several examples and alternative methods.

d based on

bw salinity

values are

ss, surface

B has been

Regarding anode testing, only free-running testing is accepted (see Annex C).

ISO 15589 consists of the following parts, under the general title Petroleum, petrochemical and natural

gas

©IS

industries — Cathodic protection of pipeline transportation systems:
Part 1: On-land pipelines
Part 2: Offshore pipelines
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Introduction

The technical revision of this part of ISO 15589 has been carried out in order to accommodate the needs
of industry and to move this International Standard to a higher level of service within the petroleum,
petrochemical and natural gas industry.

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

Cathodic pfote matly used i combination w ect

the externgl surfaces of steel pipelines from corrosion.

Users of thiis part of ISO 15589 should be aware that further or differing requirements may be needed
for individfial applications. This part of ISO 15589 is not intended to prevent alternative equipment or
engineering solutions from being used for individual applications. This may be partjcidarly applicable
where therife is innovative or developing technology. Where an alternative is offeredsit is intended that
any variatipns from this part of ISO 15589 be identified and documented.

This part of ISO 15589 can also be used for offshore pipelines outside the petraleum, petrochemical pnd
natural gag industries.

vi © ISO 2012 - All rights reserved
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Petroleum, petrochemical and natural gas industries —
Cathodic protection of pipeline transportation systems —

Part 2:
Offshore pipelines

Thi
sur

and maintenance of cathodic protection (CP) systems for offshore pipelines for the

pet
Thi
Thi

Thi
sub

2

The following referenced documents are indisgénsable for the application of this document
refdrences, only the edition cited applies. Eor-undated references, the latest edition of the

doc
ISO
ISO
ISO

assessment of surface cleaniiness — Part 1: Rust grades and preparation grades of uncoated stee
and|of steel substrates after overall removal of previous coatings

ISO
ISO
ISO

transportation systems — Part 1: On-land pipelines

Scope

eys, design, materials, equipment, fabrication, installation, commissioning; eperation,
rochemical and natural gas industries as defined in ISO 13623.

5 part of ISO 15589 is applicable to carbon steel, stainless steel and fléxible pipelines in offsh
5 part of [SO 15589 is applicable to retrofits, modifications and repairs made to existing pipeli

5 part of ISO 15589 is applicable to all types of seawater’and seabed environments encq
merged conditions and on risers up to mean water leveh

Normative references

ument (including any amendments) applies.
1461, Hot dip galvanized coatingsonfabricated iron and steel articles — Specifications and t4
8044, Corrosion of metals an@alloys — Basic terms and definitions

8501-1, Preparation of(steel substrates before application of paints and related product

9606-1, Qualification testing of welders — Fusion welding — Part 1: Steels
13623, Petroleum and natural gas industries — Pipeline transportation systems

155891, Petroleum, petrochemical and natural gas industries — Cathodic protection

5 part of ISO 15589 specifies requirements and gives recommendations for the pre-installation

inspection
petroleum,

pre service.
he systems.

untered in

. For dated
referenced

bst methods

s — Visual
| substrates

of pipeline

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

ASTM D11413), Standard Practice for the Preparation of Substitute Ocean Water

AW
EN
EN

S D1.1/D1.1M3), Structural Welding Code — Steel
10025 (all parts)3), Hot rolled products of structural steels

10204:2004, Metallic products — Types of inspection documents

1) American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, USA.

2)

American Welding Society, 550 NW Le Jeune Road, Miami, FL. 33126, USA.

3) European Committee for Standardization, Management Centre, Avenue Marnix 17, B-1000, Brussels, Belgium.

©IS
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3 Term

s and definitions

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

3.1

anode potential

anode-to-e

3.2

lectrolyte potential

anode sled
anodes installed on a structure and connected to the pipeline by a cable

3.3
closed-cir
anode pote

3.4
coating br

fe

ratio of cuy

3.5

cold shut
horizontal
aresult of

3.6

cuit anode potential
ntial while electrically linked to the pipeline to be protected

eakdown factor

rent density required to polarize a coated steel surface as compared.to a bare steel surfz

surface discontinuity caused by solidification of the meniscus of the partially cast anode
nterrupted flow of the casting stream

driving valtage

difference
cathodic p1

3.7

electric fie
change in ¢
electric cu

3.8
electrochg
£

between the pipeline/electrolyte potential and“the anode/electrolyte potential when
otection is operating

ld gradient
lectrical potential per unit distance-through a conductive medium, arising from the floy
‘'rent

tmical capacity

total amount of electric charge-that is produced when a fixed mass (usually 1 kg) of anode materi

consumed

NOTE i

3.9
final currg
estimated

electrochemically

lectrochemicalcapacity is expressed in ampere hours.

ent density
current density at the end of the lifetime of the pipeline

ce

S as

the

v of

] is

NOTE

3.10

hydrogen-

HISC

Final current density is expressed in amperes per square metre.

induced stress cracking

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

© ISO 2012 - All rights reserved
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3.11

IR drop

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

NOTE IR drop and electric field gradient are related terms.

3.12

master reference electrode

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

ficant

ted on the

ibed to the

utilization factor

fraction of the anodic material weight of a galvanic anode that can be consumed before the anode ceases
to provide the minimum required current output

© IS0 2012 - All rights reserved 3


https://standardsiso.com/api/?name=89f3b142739e01c97afed96bace661f9

ISO 15589-2:2012(E)

4 Symbols and abbreviated terms

4.1 Symbols

€ electrochemical capacity

fe coating breakdown factor

u utilization factor

4.2 Abbyeviated terms

CAT cold-applied tape

CE carbon equivalent

Cp cathodic protection

CRA corrosion-resistant alloy

EPDM ethylene propylene diene monomer
FBE fusion-bonded epoxy

HISC hydrogen-induced stress cracking
HSS heat-shrinkable sleeve

PE polyethylene

PP polypropylene

PREN pitting resistance equivalent number
PU polyurethane

ROV remotely operated vehicle

SCE saturated calornel’electrode
SMYS specified minimum yield strength
SRB sulphatereducing bacteria

3LPE three-layer polyethylene

3LPP three-layer polypropylene

4

© ISO 2012 - All rights reserved
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5 General

5.1 Competence assurance

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 appropriate level of competence for the tasks undertaken.

NOTE1 EN 15257 or the NACE Cathodic Protection Training and Certification Programme constitute suitable
methods that can be used to assess competence of cathodic protection personnel.

demonstrated by certification in accordance with prequalification procedures such as EN 1525}, the NACE

NO“'1E 2 Competence of cathodic protection personnel to the appropriate level for tasks undentaken can be
Cathodic Protection Training and Certification Programme or any other equivalent scheme.

5.2 Compliance

A gpality system and an environmental management system should be applied to assist ¢ompliance
with the requirements of this part of ISO 155809.

NOTE ISO/TS 29001 gives sector-specific guidance on quality management systems and ISO [14001 gives
guidance on the selection and use of an environmental management system.

6 [Cathodic protection system requirements

6.1] General
The CP system shall be designed to prevent external corrosion over the design life of the pipe]ine and to:

— |provide sufficient current to the pipeline to be protected and distribute this current fo that the
selected criteria for CP are effectively attained on the entire surface;

— |provide a design life of the angde system commensurate with the required life of thg protected
pipeline, or to provide for periodic rehabilitation of the anode system;

— |provide adequate allowahce for anticipated changes in current requirements with time;
— |ensure that anodes are installed where the possibility of disturbance or damage is minifnal;
— |provide adequateymonitoring facilities to test and evaluate the system'’s performance.
TheCP system shall be designed with due regard to environmental conditions and neighbouringfstructures.

Offghore pipelines that are protected by galvanic anode systems should be electrically isdlated from
other pipelines and structures that are protected by impressed-current systems. Offshore pipelines
shalldeisolated from other unprotected or less protected structures, which could drain cyrrent from

th 3 1 ol 4 163 | P 3 i 3 1 s i L1 4 1 t 3 l
e Plycllllc o Ul o_yoLClu. IT 10UIALIVITI 10 11ULU lJl daultlitdl Ul Ootl a_y CcuUuIrIrcCiIitc Pl UUICIIIO dI'T DHDPC\'LCL‘ e ec rlca

continuity should be ensured.

Care shall be taken to ensure that different CP systems of adjacent pipelines or structures are compatible
and that no excessive current drains from one system into an adjacent system.

The pipeline CP design shall take into account the pipeline installation method, the types of pipeline and
riser, and the burial and stabilization methods proposed. Further guidance is given in Annex G.

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

Forareaswith high watervelocitiesand areas with erosion effects (e.g. from entrained sand, silt, ice particles),
the design of the CP system needs special attention and additional design criteria shall be considered.

© IS0 2012 - All rights reserved 5
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Installation of permanent test facilities should be considered, taking into account specific parameters
such as pipeline length, water depth and underwater access related to the burial conditions.

ISO 15589-1 should be used for the cathodic protection of short lengths of offshore pipelines and their
branches that are directly connected to cathodically protected onshore pipelines.

6.2 Selection of CP systems

6.2.1 General

CP shall bgachievedusing either gatvamnic anodes or amr IMpressed-CurTent SyStent. Gatvaric arqdes
shall be connected to the pipe, either individually or in groups

NOTE 1 balvanic anodes are limited in current output by the anode-to-pipe driving voltage and the electrdlyte
resistivity. (renerally, anodes are attached directly to the pipe as bracelets. Sleds of anodes can alsa/be placqd at
regular intervals along the pipeline.

NOTE 2 Jome pipelines can be protected by anodes located at each end. Typically, thisS_type of installation
is used on inter-platform pipelines. Anodes for the pipeline can be attached to the platform if the pipelige is
electrically fonnected to the platform.

Items that ghall be considered in selecting the system to be used are covered in 6.2.2.

6.2.2 Sydtem selection considerations
Selection of the CP system shall be based on the following considerations:
— magnitude of the protective current required;

— resistiyity of the seawater;

— availaIility and location of suitable power soufces for impressed-current systems;

— existemce of any stray currents causing-significant potential fluctuations between pipeline pnd
earth that can preclude the use of galvanic anodes;

— effectdof any CP interference currents on adjacent structures that might limit the use of impressed-
currer]t CP systems;

— limitatlions on the space available, due to the proximity of foreign structures, and related construction
and maintenance concerhs;

— future|developmentiofthe area and any anticipated future extensions to the pipeline system;
— cost oflinstallation, operation and maintenance;

— reliability<ofithe overall system;

— integrity of other pipetinesamd/or structures existing T thre samearea tiat coutd-beaffected by
impressed-current systems unless proper measures are taken to prevent these effects.

NOTE Impressed-current systems can be preferred on short pipelines which terminate at platforms that
have impressed-current systems installed or where an impressed-current system is operated from the shore.
Impressed-current systems can also be preferred as a retrofit system on pipelines with galvanic anode failures,

excessive anode consumption, operation beyond original design life or excessive coating deterioration. Impressed
current can also be the preferred method for high-resistivity water.

6.3 Isolating joints
Isolating joints should be considered at the following locations:

— at connections to onshore pipelines or onshore receiving facilities;

6 © IS0 2012 - All rights reserved
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at connections to pipelines that require different protection criteria;

— between cathodically protected pipelines and non-protected facilities or less protected facilities;

— between pipeline systems (or structures) protected by impressed current and galvanic anodes.

If isolating joints are used they shall be designed and installed to ensure long-term integrity and shall
be positioned to allow easy access for inspection and maintenance. Detailed design requirements are
given in ISO 15589-1.

7

7.1
The

IfC

Bes-%“ haYahalaBhaal l\"l\“(“
K P“l UALIIICLVCI U
General

design of a pipeline CP system shall be based on:

detailed information on the pipeline to be protected, including materjaly length, wall
outside diameter, pipe-laying procedures, route, laying conditions on the sea bottom, teg
profile (operating and shut in) along its whole length, type and thickness of corrosion

protection and/or weight coating;

environmental conditions, including diurnal and seasounal variations, such as seawat
temperature and resistivity, tides and seabed resistivity<along the whole length of the p

burial status (extent of backfilling after trenching ornatural burial) and soil resistivity;
design life of the system;

information on existing pipelines in closeproximity to or crossing the new pipeling
location, ownership and corrosion-control practices;

pipeline isolation;

availability of electrical power, electrical isolating devices, electrical bonds;
applicable local legislation;

construction date$sstart-up date (required for hot lines);

presence of fittings, J-tubes, risers, clamps, wyes, tees and other appurtenances; and

performance data on CP systems in the same environment.

P performance data for similar environments is not available (for example when moving i

thickness,
mperature
-protective

coating(s) for pipes and fittings, presence, type and thickness of-thermal insulation, mechanical

er salinity,
peline;

, including

information on existing CP systems* (platforms, landfalls, subsea structures, etc.) and electrical

nto deeper
hd fouling)

watler), data on the seawater characteristics (dissolved oxygen, salinity, pH, sea currents, a
sha1]]]'i ] ff hodic nalarizati vl l L !

situations, the required information shall be obtained from field surveys and/or corrosion test data
including the following:

protective current requirements to meet applicable criteria;

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

pipe burial depth (if buried) and identification of exposed span lengths and locations;
water temperature at the seabed;

oxygen concentration at the seabed;

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

© IS0 2012 - All rights reserved
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— seabed topography.

When reviewing operating experience, the following additional data should be considered:
— electrical continuity;

— electrical isolation;

— external coating integrity;

— deviation from specifications;

— maint¢nance and operating data.

Design procedures for the CP based on galvanic anode systems shall be in accordance with Annex A.
7.2 Protection potentials

7.2.1 Potential criteria

To ensure tthat adequate CP of a pipeline is being achieved, the measured potential shall be in accordgnce
with Table|1.

NOTE1 The effectiveness of CP or other external corrosion-control méasures can be confirmed by direct
measuremeht of the pipeline potential. However, visual observations of progressive coating deterioration anfl /or
corrosion, fpr example, are indicators of possible inadequate protectioh.\Physical measurements of a loss of pipe
wall thicknpss, using divers, or using internal inspection devices*suth as intelligent pigs, can also indicate
deficiencies|in the level of corrosion protection.

Table 1 — Potential criteria

Materials Minimum negative potential Maximum negative potentigla
Vv \
Carbon steels
Immernsed in seawater -0,80 -1,10b
Buried in sediments -0,90f -1,10b

Austenitic[stainless steelsg

PREN % 40c¢ -0,30d -1,10

PREN £ 40c¢ -0,50d -1,10
Duplex sta|inless steels -0,50d e
Martensitic stainleSs (13 % Cr) -0,50d o
steels

The potentjals.are referenced to an SCE reference electrode, which are equivalent to a silver/silver chloride
reference electrode (Agl/Ag(‘]l/cp:nAmhnr) in 30 Q.cm seawater.

a  These negative limits also ensure negligible impact of CP on pipeline coatings.

b Where pipeline systems are fabricated from high-strength steel (SMYS > 550 MPa), the most negative potential that
can be tolerated without causing hydrogen embrittlement shall be ascertained.

¢ PREN =%Cr + 3,3 %(Mo+0,5W) + 16 %N.
d  For stainless steels, the minimum negative potentials apply for aerobic and anaerobic conditions.

e Depending on the strength, specific metallurgical condition and stress level encountered in service, these alloys can
be susceptible to hydrogen embrittlement and cracking. If a risk of hydrogen embrittlement exists, then potentials more
negative than -0,8 V should be avoided. See also 7.2.3.

f This covers the possibility of SRB activity and/or high pipeline temperature (T > 60°C).

g Ifametallurgical structure is not fully austenitic, these stainless steels can be susceptible to hydrogen-induced stress
cracking (HISC) and high negative potentials should be avoided.

8 © IS0 2012 - All rights reserved
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The potential of the Ag/AgCl/seawater reference electrode is dependent upon the concentration of
chloride ions in the electrolyte, and hence the seawater resistivity. If the chloride concentration and
hence the resistivity is known to differ significantly from that of ordinary seawater (typically 3,5 % and
30 Q-cm respectively), the protection potential criteria shall be adjusted in accordance with Figure 1.

NOTE 2  The term “Ag/AgCl/seawater (undersaturated) reference electrode” can be used for this electrode.

1 1
S.CE. Cu/CuSO,  (Ag/AgCl)
150
1,50 1,70
1,40
1,40 160
1,30 150
130 ’
1,20 1,40 2
1,20
' 1,30
110 2510 000
1,10 1,20 3
1,00 —'5 000
1,00 1,10 ]
0,90 100 —2 000
0,90 ’ _
0,80 0,90 51000
0,80 T80 — 500
0,70 - N
0,70 0,70 — 200
0,60 i
0,60 0,60 = 100
0,50 0,50 —50
0,50 _
0,40 0,40 — 20
0,40 7
0,30 0,30 —10
0,30 0;20
0,20
0,20 0,10
0,10 0
0,10
0
Key]
1 [potential, in volts
2 |resistivity, in Q<o
Fighire 1 —Nomogram for the correction of potential readings made with the Ag/AgCll/seawater
electrodetin waters of varying resistivity against the SCE and Cu/CuS04 reference eledtrodes(17]
EXAMPLE IF brackish-water nF 100-O-cm—resistivibrexists—at-the th\r\] ire-poteptialmeasurermment Slte the

VIty -CNTTO-TretIre T E—porTeeor oSt Ot

least negative potential for the effective corrosion-protection electrode W111 be -0,84 V and not -0,80 V as given
in Table 1, with reference to the Ag/AgCl/seawater reference electrode.

Alternative reference electrodes for specific conditions are given in D.3.2.

7.2.2 HISC evaluation for martensitic and duplex stainless steel materials

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

For duplex stainless steels, DNV-RP-F112[8] may be used to assess acceptable stresses and strains.

© IS0 2012 - All rights reserved 9
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Fillet welds, doubler plates or aluminothermic welds should not be used directly on high-strength carbon
steels (SMYS > 550 MPa), martensitic or duplex stainless steel materials. Installation of galvanic anode
cables should be performed to special pipejoints consisting of internally clad carbon steel or other CRA
materials which are not susceptible to HISC.

7.2.3 Thermally sprayed aluminium

If a component with thermally sprayed aluminium is cathodically protected at potentials more negative

than -1,15

alkali at the

used unles;

7.3 Desi

The design
pipeline oy
connection
possible f
facilities f

7.4 Desi

74.1 Ge

The design
velocity an|

NOTE 1
which refer
2 months, i
necessary f
heavy stornj
considered f
to have a sig

Ifitis decid
because of

For most aj
on the sea
from Figur

Iin theory, three values of current density are significant: the initial, mean and final current densi

V, the thermally sprayed aluminium can suffer corrosion as a consequence of the build-up of
metal/electrolyte interface. A polarized potential more negative than -1,15 V should not be
AN TN . - dieatethatnosiemitienrteorrostomwtoacur

gn life

life of the pipeline CP system shall cover the period from initial installation.t6 the enfl of
eration as a minimum. However, the possibility of future life extension or future pipelline
s should be recognized at the design stage. Provisions should be made-to accommodate
ture events and this can include revised coating breakdown criterja and/or incorporating
r future anode retrofits.

gn current densities for bare steel

heral
current densities depend upon the seawater temperature, the oxygen content, the seawater
d the ability to build up protective calcareous films on bare metal surfaces.

ties,
to the current density required to polarize the pipeline within a reasonable period of time (i.e.|1 to
hitial), the current density necessary to maintain the polarization (mean), and the current derfsity
r an eventual repolarization which mayoccur close to the end of the pipeline life (final), e.g. affer a
.For a coated pipeline, the initial curredtdensity is never the critical constraint in the design, so it i§ not
urther in Annex A. Pipelines are located on the seabed and depolarization in storms has not been fqund
nificant effect, so the same currernt,density value can be used for the mean and final current densities.

bign
d.

ed for a specificlocation that a higher final current density needs to be considered in the de
storms, a value which is'20 mA/m?2 above the mean value for that temperature may be use

pplications in waterdepth of less than 500 m, the design current densities are dependent ¢nly
vater temperatufe, and the current densities for non-buried pipelines should be asseqsed
e 2.
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Figure 2 — Mean current density range for non-buried bare steel pipelines

In Higure 2, the lower current-densityf.curve may be used where there are no significant changes in
oxygen content from surface to seabed, no build-up of protective calcareous films, and low tp moderate
seabed currents (up to 2 knots).

If np other data are known, the/upper curve in Figure 2 should be used.

NOTE 2  Calcareous depesits, formed on the exposed surfaces of the pipeline by the application off CP current,
rediice the current density required to maintain protective potentials and also improve current distribution.
Pipgline coatings alse favour the formation of a dense calcareous deposit, because the initial current density is
rather high when/defects are formed in the coating. However, the solubility of potential film-forming calcareous
deppsits is dependent on temperature, and colder waters might not allow the formation of protectivé calcareous
deppsits, or could require higher initial current density to achieve polarization.

NOTE 3¢ \The lower curve was published in Reference [19]. This curve is based on test and field datg from many
platform and plpellne locatlons world wide, collected over a number of years The upper curve is a donservative
curt a 5 ally accepted
by operators and represents the hlghest current den51ty Values reported normally for seawater saturated with
oxygen. The required current density values for a given field lie somewhere between these two extremes.

At temperatures below 6 °C, the mean design current density shall be 120 mA/m2, unless otherwise
specified, as limited data are available for temperatures below 6 °C.

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

If the seawater temperature profile along the pipeline route is known, the curves in Figure 2 should be
used with the averaged seawater temperatures to obtain current densities for each pipeline section. If
the annual average seawater temperature varies by more than 5 °C over the pipeline length, the pipeline
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length should be split up into separate sections that cover intervals of no more than 5 °C each. The
averaged seawater temperature should be used for each section.The design current densities discussed
above are applicable for CP of bare carbon steel and stainless steel (austenitic, martensitic and duplex).

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

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

Table 2 — Examples of design current densities for specific locations

Location Water depth Seawater Mean cu_rrent Comment
temperature density
m °C mA/M?2
US West Copst > 500 10to 12 90 moderate clirrent flow
Cook Inlet all depths 2 380 high sedbed currents
Australia > 500 12to 18 90 large'seasonal temperatufe
variation
Norwegian|Sea >1000 -1to 4 200 cold deep conditions
Offshore Bijazil >300 130 temperature to be consid
ered
7.4.2 Splash zone

Forrisersi

h the splash zone, current densities selected shalllbe 10 mA/m2 higher than for the equivajent

riser or pigeline below the splash zone (at the same temperature).

NOTE §plash zone depths vary by location; for example, in the North Sea, splash zones typically extend dpwn
to -10 m, whereas in the South China Sea, the splash zones typically extends down to -1 m.

7.4.3 Buried pipelines

For pipelirjes fully buried in sediments (trenched and naturally buried) or artificially covered [e.g.
rock dumpiing), a design current density (mean and final) of 20 mA/m2 should be used, irrespective of
seawater temperature, oxygen gontent or depth.

7.4.4 Elgvated temperatures

Pipelines dperating with temperatures in excess of 25 °C on the outside metallic surface of the Eipe
require anfadjustmént'to the design current density. The design current densities shall be increased by
1 mA/m? fpr eacliidegree Celsius of the metal/environment above 25 °C up to 100 °C.

NOTE InCreasing water temperature decreases oxygen solubility. Increasing temperatures also accelerate
the corrosiomrate:

7.4.5 Currentdrains

If subsea facilities are connected to the pipeline CP system, the current drain to subsea structures,
wellheads, manifolds and well casing shall be included in the design. An allowance should be included in
the total design current requirements to compensate for the current load imposed by the well casings
below the mudline. The design current for wells should be 5 A per well.

7.5 Coating breakdown factors

The current demand of a coated pipeline increases with time as the coating deteriorates. Enough cathodic
protection capacity should be provided to maintain protection as the coating deteriorates.
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These coating breakdown factors shall be applied to calculate the bare metal surface areas of the coated
pipe for mean conditions and at the end of the design life respectively (see Annex A). Mean and final
coating breakdown factors shall be calculated as follows.

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

fe=fi+(0,58f xty) (1)

The final coating breakdown factor, ff, is given by Equation (2):

L L)
=A<t (2)
whére

fi isthe initial coating breakdown factor at the start of pipeline operation;
Af isthe average yearly increase in the coating breakdown factor;
tar isthe design life, expressed in years.

The coating breakdown factors given in Tables 3 and 4 should be considered. Coating breakddwn factors
for pipeline coatings not included in Tables 3 and 4 shall be fullyzdoeumented.

NOTE1 Typical parameters f; and Af are given in Table 3 (for pipélines without concrete weight doating) and
Table 4 (for pipelines with concrete weight coating) which address combinations of the most cominon coating
systlems used for corrosion prevention or thermal insulationTFhe coating breakdown factors given 1jefer to both
seawater exposed pipelines and pipelines buried in the seabed.

NOTE 2  The coating breakdown factors are basedtan coating quality being in accordance with|the various
parts of ISO 21809[4] or with other commonly applied industry standards specifying an equal lev§l of quality
coafings. The coating breakdown factors include some allowance for damage to pipeline coatjngs during
fabification, handling, transportation, installdatieh or operation such as third-party damage (e.g. anfhors, trawl
gear). However, they do not include allowance-for extreme damage or for field joints intentionally lef§ uncoated.

If extreme damage or uncoated fieldjoints are anticipated, the affected surface area shall bg estimated
and| included in design calculations as bare metal surface (f; = 1), or increase the coating lpreakdown
factors in Tables 3 and 4.
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Table 3 — Coating breakdown factors, f¢, for pipelines without concrete weight coating

Factory-applied coating type Field joint coating type fi Af

Fusion-bonded epoxy (FBE) Heat-shrinkable sleeves (HSS?) 0,080 0,003 5
FBE 0,060 0,003 0

Three-layer coating systems includ- |HSS2 0,009 0,000 6

ing epoxy, adhesive and polyethylene

(3LPE) FBE 0,008 0,005
Multilayer coating including epoxy 0,007 0,000 5
and PE (e.g. moulded, HSS2 or flame
Spray)

Three-layer coating systems includ- |HSSa 0,007 0,000.3

ing epoxy, ddhesive and polypropyl-

ene (3LPP) FBE 0,006 0,000 2
Multilayer coating including epoxy 0,005 0,000 2

and PP (e.g. HSS3, hot tapes, moulding
or flame spray)

Heat insulation multilayer coating Thick multilayer coating systems 0,002 0,0001
systems in¢luding epoxy, adhesive including epoxy, adhesive and/or PE,
and/or PE, PP or PU PP, PU, HSSa or a combination of these
products.
Thick coatipgs: elastomeric materi- Thick elastomeric materials or 0,002 0,0001

als (e.g. polychloroprene or EPDM) or |glassfibre-reinforced resins
glassfibre-feinforced resins

Flexible pipelines Not applicable (mechanical.eouplings) 0,002 0,0001

a  HSS can|be used with or without primer.

14 © IS0 2012 - All rights reserved


https://standardsiso.com/api/?name=89f3b142739e01c97afed96bace661f9

ISO 15589-2:2012(E)

Table 4 — Coating breakdown factors, f;, for pipelines with concrete weight coating

Factory-applied Field joint Field joint coating type fi Af
coating type infill
Cold-applied tapes (CAT?) or heat-shrinkable 0,045 0,002 5
sleeves (HSS) over a wire-brushed surface
to St 3
no
Asphalt or coal tar Cold-applied tapes (CATa) or heat-shrinkable 0,040 0,002 0
enamel sleeves (HSS) over a blast-cleaned surface to
Sa2
CATa 0,050 0,0015
yes
HSS 0,020 0,0008
Fugion bonded epoxy no HSS 0,045 0,002 5
(FBE) FBE 0035 || 0,0020
yes HSS 0,040 0,002 0
FBE 0,030 0,001 5
Thijee-layer coating no HSS or FBE, 0,008 0,005
systems including epoxy, . . .
adh e(:sgl]_\‘llg Ea)nd polyethyl- lggljgltlfll?éeg :c;ie\atrlrrlleg ;gg;’c]hng epoxy and PE 0,007 0,000 3
ene ’
yes HSS or FBE 0,004 0,000 2
Multilayer coating including epoxy and PE 0,004 0,000 2
(e.g. HSS or flame spray)
Thijee-layer coating no HSS or FBE 0,008 0,000 5
systems including epoxy, Multilayer coating including epoxy and PP 0,007 0,000 3
ggFfenselv(gigg)polypro- (e.g. HSS, myoulded or flame spray)
yes HSS or FBE 0,004 0,000 2
Multilayer coating including epoxy and PP 0,004 0,000 2
(e.g. HSS, moulded or flame spray)

a CAT should be applied with primer.

Forfheat insulation covered with concrete coating, the values for heat insulation in Table 3 should be used.

8 |Galvanic anodes

8.1 Design ofisystem

The galvani¢danode system shall be designed by locating properly shaped and sized anodef along the
pip¢line 'such that sufficient current is delivered to the pipeline to maintain the required| potentials
thr1)ughout the design life.

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

Design calculations for the CP systems shall demonstrate that the anodes give the pipeline the necessary
current to meet the current density requirements. The anodes shall deliver sufficient current to meet
the mean and final design current demands.

NOTE2  Theweightandshapeofindividualanodescanbelimited by anode manufacturingand handling constraints.

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

The spacing between anodes shall be determined together with the number of anodes. The anode spacing
shall be close enough to maintain an adequate protection in the event of mechanical or electrical loss of a
single anode. When accepted by the pipeline operator, anode spacing exceeding 300 m shall be justified
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by attenuation calculations in accordance with Annex B or other mathematical modelling accepted by
the pipeline operator.

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

Extra anodes should be placed on the portion of the pipeline that is near a structure, platform or shore
approach. fA factor of 2 should be included in the calculated design current demand for the first 1 009 m.

NOTE 3 he reasons for adding extra anodes include:

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

— possibility of an increased current drain;

— likelihqod that the pipeline potential is more negative than that on the platform, se.that the pipeline an¢des
near thle structure will also provide current to the platform.

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

Anodes anld anode supports shall be designed to avoid any sharp édges or corners or protruding
assembliegwhich may be hazardous to personnel (see also Annex E).“This latter requirement particulprly
applies to diving operations conducted near anode installations.

NOTE 4  Kurther information on galvanic anodes is given in ENA2496[9].

8.2 Selection of anode material

The alloy sglected shall be one that has given a satisfactory performance under similar field conditipns,
or in laborgatory and field trials in a simulated gnvironment.

Unless otherwise documented, aluminium anodes should not be used below 0,5 % salinity.

Zinc anodess should not be used at temperatures exceeding 50 °C unless their performance is supported
by appropifiate test data to the confrary.

Intergranullar corrosion and/gr a’reduction in electrochemical capacity are the main problems for rinc
anodes at plevated temperatures. The galvanic anode alloys developed for marine applications Have
been specifically conceived to perform in seawater with an alkaline pH, high salinity and a signifi¢ant
content of pxygen. For.Seme areas, the seawater and mud conditions can be very different, such as b¢ing
robic with'large concentrations of SRBs and sulphides. In addition, the salinities can be |ow.
of impertance for anode selection. Long-term testing in accordance with Annex C should be

NOTE 1 e c-aHoys-are-thetns
compositions are respectively given in 9.4 and 9.5.

NOTE 2  Aluminium alloy anodes have decreased electrochemical efficiency at elevated temperatures. Certain
aluminium alloy compositions can be unsuitable at elevated temperatures.

NOTE 3 The behaviour of certain aluminium alloys can be adversely affected by burial in seabed mud,
particularly if the current output remains low.

NOTE4  Aluminium alloys containing magnesium can suffer ageing with a loss of mechanical properties.
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8.3 Electrochemical properties

Fordesignpurposes,thevaluesquotedinTable 5 should be used. Alternative valuesfortheelectrochemical
capacities of galvanic anodes may be used if the data are properly documented by testing as detailed
in Annex C. The electrochemical properties shall be documented for the relevant anode operating
temperatures.

Table 5 — Design values for galvanic anodes

the

For]
and

Anode type Anode surface Immersed in seawater Buried in seawater sedimentsd
temperatures Potenttal—TElectrochenical——Potenttal—TElectiochemical
capacity cdpacity
Ag/AgCl/ € Ag/AgCl/ £
seawater seawater
°C mV A-h/kg mV, Ah/kg
Aluminium <30 -1050 2000 - 1000 L 500
60 -1050 1500 -1000 800
80b -1000 900 -1000 400
Zinf <30 -980 750
-1030 780
> 30 to 50¢ -980 580
Eleftrochemical capacity for a given alloy is a function of temperature and anode current density. R¢ference is

le to Annex A for guidance on CP design for variations in anode current densities.

not the internal fluid temperature. For buried pipelintes, the anode surface temperature shall be
internal fluid temperature.

non-buried pipelines, the anode surface temperature should be taken as the external pipeline temperature

taken as

den

denf

For anode surface temperatures between the limit§ stated, the electrochemical capacity shall be interpola

For aluminium anodes, the anode surface temperature shall not exceed 80 °C unless the performan|
onstrated in tests and has been documented}

For zinc anodes, the anode surface teniperature shall not exceed 50 °C unless satisfactory performan
onstrated in tests and has been documented.

Pipelines which are rock-dumped-shall be considered as buried in seawater sediments.

ted.

ce has been

ce has been

Thd

NOT

b)

NOTE 2

unb

8.4

E1 The electroCthemical capacity can be lower for aluminium in brackish water than in ocean

h loose sédiments, the cathodic protection design should be made on the basis of

buried anodes, which will give the lowest anode capacity (due to high surface temperatt

ipaelna aznaca azatha bhiglhh act ot oo o e At

design values in Table‘5/are applicable to seawater with a typical salinity of 3,5 %. Fdr salinities
below 1,2 %, the design values given for anodes buried in sediments should be used.

seawater.

pipelines where the burial condition is unknown or the pipeline is expected to be marginallly covered

re), and

uried, might not be suitable for use under other conditions, e.g. high temperature, buried.

Anode shape and utilization factor

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

Anodes shall be designed (see 8.5) in such a way that a utilization factor, y, is assured. Unless otherwise
specified, a utilization factor of 0,80 should be used for bracelet anodes and a minimum of 0,90 for
slender anode systems.

The distribution of the anode insert within the body of the anode material should be considered to
ensure that the specified utilization factors are achieved.
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For bracelet anodes with a thickness of less than 50 mm, utilization factors of less than 0,80 may be used
depending on the details and tolerances of the anode insert. Reduced anode surface area and possible
insert exposure shall be considered.

8.5 Mechanical and electrical considerations

The internal diameter of a bracelet anode should be determined by the diameter of the pipe and the
thickness of coatings applied. Tolerances of the outer diameter of pipe and coating thickness shall be
taken into account.

Depending onthe pipn]inn installation mﬂfhnr“, the anades can he cncr‘npfih]n to Hamagn This concern

is critical

For non-wg
reduce the

For weight
such thatt

NOTE 4
bracelets w
larger-diam|
For special

The core s
of the anod

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

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

coated pipelines, the thickness of anodes should match the thickness of thé-weight coat
he anodes will roll smoothly over the stinger rollers.

\ variety of galvanic anode designs are available for attachment to the ‘pipeline. Semi-cylind
th tapered and square shoulders are available for use on small- and medium-diameter pipelines
eter pipelines where semi-cylindrical anodes would be impractical, segmented designs are avail:
Fircumstances, anodes can sometimes be cast directly onto the pipe.

hall be designed to maintain electrical integrity with thelanode body for the full design
e.

The electrical connection between the pipeline and the anode is generally made by a bonding wir

directweld
including 3
the require

Anode cor
the half-sh
steel bar, s
dimension

9 (Galva

9.1 Pre-

The detailq
Prior to fa

that all mi

standards,

ing oftheanode core to the pipeline. The bonding wire can be attached by a variety of meth
luminothermic welding and pin brazing. The“attachment method shall be compatible v
ments of the pipe lay method and the metallurgy of the pipeline steel (see 7.2.2).

b extensions of bracelet half-shells -are”generally oriented in the longitudinal directio
bll and at the mid-point of the half-shell cross-section. Anode core extensions, usually a

5 and material.

nic anode manufacturing

production teSt

d anode design shall include anode drawings showing shape and dimensions with toleran|
rication‘of the anodes, a pre-production test shall be carried out at the foundry to ascer
ulds,.cores, casting equipment and other components are in accordance with applic
governing drawings, dimensions, tolerances, inspection procedures and data sheets.

d to

ing,

ical
For
ble.

life

b Or
bds,
vith

h of
flat

hould be fully welded to the core and the dimensions should be compatible with the pipe

ces.
fain
hble

At least one of the anode cast assemblies should be mspected destructively in accordance with 10.9.

Other type

s of procedure qualification may be considered.

9.2 Coating

Bracelet anodes should be coated on the sides facing the pipeline and the concrete weight coating. The
coating applied to the anode faces should be an immersion-grade two-component epoxy with a minimum
thickness of 100 pm. Coating sides of other anode types should also be considered.

The exposed (external) surface of the anode shall be free from coating.
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Anode core materials

Anode cores shall be fabricated from weldable structural steel plate/sections according to a recognized
standard such as EN 10025 or similar. Anode core materials to be welded to the pipeline shall be
compatible with the pipeline material or structural elements to which it is attached, and the carbon
equivalent (CE) shall not exceed the CE value of the pipeline material. The CE value shall be calculated
using Equation (3).

whg

NO7
acceg

If tH

Thd

All

AW
or 4
of 1

And
prid
Ang
wit
sur

CE=C+Mn/6 + (Cr + Mo + V)/5 + (Ni + Cu)/15 3)
1 botsoftel , — - » ] _

E The formatting for Equation (3) does not conform to the standard ISO formatting but|it has been

pted, exceptionally, on the basis of its long-standing and well established history in the industry.

e full chemical composition is not reported, the alternative CE value of Equation (4) may|be used.

CE =C+ Mn/6 + 0,04 4)

material certificate for the anode cores shall meet the requirements of EN 10204:2004, 2.1 b).

fabrication welding of steel anode cores shall be in accordance’with the relevant requirements of

(WS D1.1/D1.1M. Qualification of welding procedures shall be in accordance with the re
b0 15607, AWS D1.1/D1.1M, or equivalent.

de core steel for aluminium anodes shall be blast-€leaned to Sa 2% in accordance with
r to casting and maintained until casting commences.

de core steel for zinc anodes shall be blast-¢cleaned to the minimum standard Sa 2% in
n [SO 8501-1 or galvanized according.t0yISO 1461 or equivalent. Rust discoloration an
face contamination of zinc-coated surfaces shall not be permitted. The degree of cleanlin

maintained until casting.

9.4

The
sha
des
con
tha
elern]
the

Aluminium anode materials

aluminium anode matérial should be of the Al-Zn-In type. The chemical composition of
| be formulated to meet the potential and electrochemical capacity requirements of
gn. A typical chemical composition known to perform well in many conditionsis givenin T|

they meetthe'required anode electrochemical properties. Caution should be exerc
hent falls outside the specified range, since the anode electrochemical properties may b
design requires.

i
5D1.1/D1.1M or an equivalent standard, and performed bydvelders qualified according toﬁSO 9606-1

uirements

[SO 8501-1

hccordance
/or visual
bss shall be

the anodes
the project
hble 6. This

position is in accordance with EN 12496. Other compositions may be used if testing defnonstrates

sed if any
e less than
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Table 6 — Typical chemical composition of aluminium anode materials

Elementa Mass fraction
w
min. % max. %
Zn 2,5 5,75
In 0,016 0,040
Fe — 0,09
Si — 0,12
Cu — 0,003
Cd — 0,002
Other — 0,02 (each)

Al Remainder

a  Under c¢rtain operating conditions such as deep (>500 m) or cold water, it can be necessary to seleet a narrower arj
composition|range than given in this table in order to obtain the required anode electrochemical preperties.

ode

9.5 Zindanode materials

A typical chemical composition known to perform well in many conditiens is given in Table 7.

Table 7 — Typical chemical composition of zinnc anode materials

Element Mass fraction
w
min;% max. %

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

Other conjpositions may beZused if testing demonstrates that they meet the required anode

electrochemical properties;EN 12496 gives alternative compositions for zinc anodes. Caution shoul
exercised ywhen any element falls outside the specified range, as anode performance may be less

the design frequires.

10 Galvani¢.anode quality control

l be
han

10.1 General

A quality control procedure shall be followed to ensure that the requirements in this clause are met.

10.2 Steel anode cores

All welds shall be visually inspected.

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

20
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10.3 Chemical analysis of anode alloy

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

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

10.

Ind
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be 4
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gro

Thd
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10.
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10.

1 Anode mass

vidual anode castings of each type shall have a net mass within #3 % of the nominal n
de castings with total mass above 50 kg. For anode castings below 50 kg, the mass toler
5 % unless otherwise agreed between the end user and the relevant parties.

ast 10 % of the total number of anode castings shall be weighed to cerifirm compliand
1irement. If agreed between the end user and the relevant parties;the weighing can
ips, which gives an average individual weight.

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

5 Anode dimensions and straightness

5.1 Slender anodes

anode dimensions and straightness for slender anodes shall conform to the following:
anode length shall be within +3 % of the/nominal length or #25 mm, whichever is smallg
anode mean width shall be within:+5 % of the nominal mean width;

anode depth shall be withing10 % of the nominal mean depth;

the diameter of cylindrical’anodes shall be within 5 % of the nominal diameter;

the straightness of-the anode shall not deviate by more than 2 % of the anode nominal |
the longitudinal-axis of the anode.

east 10 % of ‘the total number of anodes shall be checked to confirm compliance
hirements.

b.2 _Bracelet anodes

bt mass for
ances shall

e with this
be done in

be agreed

ength from

with these

Eac

bracelet anade length shall he within +3 % of the nominal length or +25 mm, whicheve

is smaller.

The anode internal diameter shall conform to the following dimensional tolerances:

0/
0/
0/

+4 mm for pipeline diameters <300 mm
+6 mm for pipeline diameters >300 mm and < 610 mm
+1% for pipeline diameters > 610 mm

The dimensional tolerance on the anode thickness shall be +3 mm.

At least 10 % of the total number of anodes shall be checked to confirm compliance with these
requirements.
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Anodes shall be free from excessive bowing or twisting. The anode casting shall not deviate by more than
2 % of the anode nominal axial length from the longitudinal axis of the anode. At least one completely
assembled bracelet anode shall be fitted. This shall be verified by fitting an agreed number of bracelet
assemblies to a full-length former or by an equivalent method. The external diameter shall not exceed
the summation of tolerances given above.

10.6 Anode core dimensions and position

Tolerances on the anode core position within the anode shall be subject to agreement prior to fabrication,
to comply with utilization factor requirements, and should be part of the fabrication quality plan. Anode
core protr TSTOTTS aTTch diry otirercriticatdimrensionrsshatt-bemeasuredamdstattconfornrto prLi ied
requirements.

10.7 Anofle surface irregularities

10.7.1 Slender anodes
Slender anpdes shall be inspected visually to confirm compliance with the following requirements:

— shrinkiage depressions shall not exceed 10 % of the nominal depth of the anode material to|the
anodecore, as measured from the plane of the anode surface to the béttom of the depression;

— in the topping-up area, the maximum shrinkage shall not be more than a 10 mm depth measyred
from a|straight edge across the topping-up face and not more.than 0,5 % of the gross anode volume;
any additional topping-up materials or casting surface irfegularities shall be fully bonded to|the
bulk anode material;

— cold shuts shall not exceed a depth of 10 mm andjor extend over a total length of more than
three §imes the width of the anode;

— all profrusions that are hazardous to personfielduring handling shall be removed.

10.7.2 Bracelet anodes
Bracelet arjodes shall be inspected visually to confirm compliance with the following requirements

— shrinkiage depressions shall ‘bé < 10 % of the thickness of the anode as measured from |the
upperinost corner to the bottom of the depression. Shrinkage depressions that expose the anode
core are not acceptable;

— inthe tpopping-up area;the maximum shrinkage shall notbe more than 10 mm measured from a strajght
edge afross the tapping-up face and not more than 0,5 % of the gross anode volume. Any additipnal
topping-up materials or casting surface irregularities shall be fully bonded to the anode material;

— any cold shuts shall be < 10 mm depth and/or extend over a total length of < 150 mm;

11 - | + 1 | + 1.1 - 1 1] ol | Je o). 1 111
— all protrusIors trat ar € [IdZdTr dous t0 PeT SUIIITET GUT g ITaITUIIITg 01 UIT dIToUT(S) SITdll D€ TTIoV d.

10.8 Cracks

10.8.1 General

All anodes shall be inspected for cracks.

NOTE Cracks can occur while cooling during the casting of galvanic anode bracelets because of the different
coefficients of expansion of the anode and the core. These cracks are not detrimental, provided they do not

converge in a manner that allows loss of anode material.

No treatment shall be applied to grind, peen, or in any other manner dress cracks before inspection and
checks.
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Zinc anodes shall be free from visible cracking without the aid of magnification.

Cracks may be accepted in aluminium anodes provided the cracks will not cause any mechanical failure
during installation, transportation or service of the anode. The combination of cracks and lack of bond
to the anode core and cracks in the area where the anodes are not fully supported by the anode core
shall not be accepted. For aluminium, the cracking criteria given in 10.8.2 and 10.8.3 shall apply.

10.8.2 Aluminium slender anodes

The following cracking criteria apply:

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

— |cracks within the section of an anode supported by the anode core are not acceptable if the length
is > 100 mm and/or the width > 1 mm;

— |cracks penetrating to the steel anode cores or through the anode are notpermitted;

— |a maximum of 10 cracks per anode with small dense cracks counting as one and crackp < 0,5 mm
wide not counted.

Lonjgitudinal cracks are not permitted.

10.8.3 Aluminium bracelet anodes
The following cracking criteria apply:

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

— |cracks penetrating to the steel anode coves or through the anode are not permitted;

— |cracks with a length of > 100 mm ©r > 50 % of the anode diameter (whichever is greater) and/or
width > 3 mm are not acceptable.

Propided the above is satisfiedsthe following cracks are acceptable in transverse direction:
— |cracks with alength of £50 mm or < 20 % of the anode diameter, whichever is less, and a wigith < 3 mm;

— |cracks with a length of 50 mm to 200 mm or between 20 % and 50 % of the anod¢ diameter,
whichever is lessyand a width < 1 mm;

— |cracks with:a length of 50 mm to 200 mm are limited to two per half-bracelet or four pef anode.

Crafks in the'ongitudinal direction shall be < 100 mm in length or < 20 % of anode length,|whichever
is lg¢ss, and/or < 1 mm in width.

10.9 Internal defects, destructive testing

The number and method of selection of anodes to be destructively tested (sectioned) within each anode
type/size shall take into account anode design, the total number of anodes, and the pre-production test
requirements (9.1).

If an anode does not meet the requirements below, an additional anode shall be subjected to destructive
testing. If this does not satisfy the specified requirements, the whole anode lot should be rejected or
other actions taken as agreed prior to fabrication.
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Slender anodes should be sectioned transversely at 25 %, 33 % and 50 % of the nominal length, or at
other agreed locations for a particular anode design. The cut faces, when examined visually without
magnification, shall conform to the following criteria:

5 % of

2 % of

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

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

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

Non-metallic inclusions shall be limited to maximum 1 % of the total cut surface area and maximum

Lack of bond (voids) shall be limited to maximum 10 % of the total tubular anode core circumference

and m
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at other ag
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shall be re
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jodes should be sectioned transversely by cuts at 25 % and 50 % of the nominal length
reed locations for a particular anode design. The cut faces, when examined visually with
ion, shall conform to the following criteria:

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

brimeter and maximum 20 % of any individual cut.

mance of the anode core position within the anode’body in accordance with the de
hall be confirmed by physical measurement on thezcut faces.

pvant parties.

ctrochemical quality control testing

ng shall be assessed:

circuit potential;

chemical capacity;

jon pattern (uneven’@onsumption, intergranular attack, passivity, etc.).

tests shall be‘carried out for each 15 t of anodes produced. The electrochemical test ¢
ported.

uld beearried outin natural seawaterorinartificial seawaterinaccordance withASTM D1

ould be conducted using the procedure described either in Annex E or in NACE TM0190

, Or
out

es and porosities shall be limited to maximum 2 % of the total cut surfacearéea, and maximum

etallic inclusions shall be limited to maximum 1 % of the total cut surface area and maximum

bond (voids) adjacent to the anode core shall be limited tomaximum 10 % of the total anjode

bign

s of procedure qualification may be considered based on agreement between the end yiser

lata

141.

(12].
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For testin
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other testing procedures, acceptance criteria shall be documented in the test procedure.

Table 8 — Recommended acceptance criteria for electrochemical performance

(production quality testing) using Annex E

For

Anode type Minimum electrochemical capacity Closed-circuit potential
A-h/kg mV (Ag/AgCl seawater)
Aluminium 2500 -1050
Zinc 780 -1030
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If the specified requirements are not met, re-tests should be carried out on three specimens from each
heat that failed to meet the requirements. Failure of any of these three specimens to meet the specified
requirements should lead to rejection or other actions taken as agreed prior to fabrication of all anodes
from the heat(s) involved.

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

11 Galvanic anode installation

Welders and welding procedures should be qualified for any applicable welding process to a recognized
Statdard such as AWS D1.1/D1.1M.

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

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

Andde installation shall be carried out in such a way that damage to the)pipeline coating is npinimized.

The connections of cables to the pipeline shall be designed to ensure’adequate mechanical strength and
eledtrical continuity and to prevent damage to the pipe at the-point of connection. The renfoval of the
protective coating from the pipe should be kept to a minimium. After installation of the caple-to-pipe
conpection, the coating shall be repaired using a compatible coating material.

A detailed cable-to-pipeline connection procedure shall be included in the CP design. Welding of cable
conpections shall not be carried out on bends or within 200 mm from pipeline welds.

For|aluminothermic welding of cables, the welding procedure shall be such that copper penetration
intd the pipeline material shall be less than~1 mm and local pipeline hardness shall remain|within the
reqpiirements given in the pipeline specification.

Aluminothermic weld charges should not be greater than 15 g. If cables larger than 16 mm?2 need to
be attached, the cores shall be separated into a number of smaller strands, each measurinig less than
16 Inm? and welded separatelys

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

All fitems to be protected by CP shall be electrically connected and should have a welded or brazed
conpection to an-anode. All bolted or clamped components with a surface area exceeding 1 m# shall have
an #ll-welded or brazed connection to an anode. For all bolted or clamped assemblies without an all-
welded or brazed electrical connection, it shall be verified that the electric resistance is less|than 0,1 Q.
The pipeline coating on contact surfaces shall be removed prior to making the connection.

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

If the contact is made by using current-carrying copper cables welded or brazed at each end, these shall be
stranded and have a minimum cross-section of 16 mm?2 and brazed to the cable shoe. At least two cables
per anode shall be installed. For half-shell anodes, two half-shells shall be considered as a single anode.

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

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

Only in exceptional cases (e.g. the retrofit of a CP system or the use of remote anode assemblies) should the
underwater installation of anodes, utilizing either bolted or clamped devices or welding, be carried out.

Bolted connections with set screws or friction welding may be considered for the electrical connection

of anode retrofit systems.

12 Impressed-current CP systems

12.1 Current sources and control
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e connection to the platform or any land-based installation. Negative cennections sh
in a control box. There shall be a facility to regulate and measure the protective currer
he.

| of the transformer-rectifier current output may be manual oriautomatic. In the first c
ent or voltage control may be used, while automatic control shall be based on poter

/or too negative or too positive protection potentials should be included.

t output from individual anodes should each be independently adjustable.

ressed-current anode materials

rraphite, high-silicon cast iron, magnetite, precious metals or steel. Other impressed-cur
an be used in specific applications(if-they are reliable and properly documented. For 14
ystems which are designed to priotect offshore pipelines, alternative anode materials ma
F are reliable and properly documented in accordance with ISO 15589-1.

'he anode material and substrate determine the maximum operating voltage and anodic cur

n the anodic current density and the applied voltage.

em design

— During/operation of CP systems, chlorine gas can develop at anode surfaces
gas can.develop at cathode surfaces. To avoid any health and safety hazards, deg
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Impressed

current anodes are located at the ends of submerged pipelines. The current output shall be

sufficient to protect the pipeline to the mid-point. Impressed-current systems should be designed for
larger current outputs than galvanic anodes and achieve a reduced current-distribution efficiency.

The high current output can result in overprotection of the pipeline nearest the impressed-current
anodes. Current attenuation calculations should therefore be conducted to verify that mid-point
protection can be achieved without overprotecting the ends (see Annex B)

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

To account for both uneven current distribution and a higher risk of anode malfunction compared to
galvanic anode systems, the design of the impressed-current CP system shall include redundancy with
respect to the number of anodes.
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Impressed-current anodes and cables shall be designed to withstand all expected forces during
installation and operation. Anodes shall be designed so that they can be replaced either from the surface
or subsea by diver or ROV.

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

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

polyester can be applied.
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4 Manufacturing and installation considerations
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5 Mechanical and electrical considerations

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

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

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

NOTE 1

Impressed-current systems are more critical with respect to mechanical damage than galvanic

anode CP systems because relatively few anodes are involved, each of which discharges a substantial amount of
protective current. The loss of an anode or any negative return cable can seriously reduce system performance.

The following methods of installing fixed-type impressed-current anodes may be applied.

— Anodes can be bottom-installed on the ocean floor by mounting them on specially designed concrete
sleds for stability. This minimizes the possibility of the anodes becoming covered with mud or silt.
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Because conditions at an offshore location seldom vary, except for weather-related factors, many

ing members below water. The anodes should be lowered through the casings (which pro
bde lead wires) and be allowed to extend below a termination fitting at the bottom of €
This method provides a means of anode retrieval or replacement usingthe anode cg

ible. The top of the anode casing should be sealed with a removable captoprevent any de

5 with essentially flat configuration-mounted, isolating-type holders can be attached dire

removed for anode retrieval without diver assistance.

bd to the platform members. In this case, diver assistarice is required for anode replace
ged, easily maintained impressed-current equipment shall be used. The system can be b3
constant current or automatic potential control rectifiers.

il-cooled rectifiers with both a.c. and d.c, overload protection are commonly used.

be a delay of several months tp-a‘year or more between the time a pipeline is laid
electrical power becomes available on the platform. Adequate CP of the pipeline for
iod shall be provided.

e current corrosion on(other pipelines and steel structures and reinforcement of conc
shall be assessed. Further guidance is given in Annex F.

mentation

gn, manufacturing and installation documentation

entation for as-built systems shall cover the following:

5 can be installed on submerged platform membersiusing offset steel structural sugiort

5 can be installed atthe lower ends of protective vertical steel pipe casings or conduits attaghed
platform. Casings should be attached to above-water platform members and supportef at
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It diver assistance. Marine growth or corrosion scale can make anode petrieval difficult or
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merged platform members or to auxiliary structural members, such as vertical pipes, which
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calculations of surface areas to be protected and currents demanded;

drawings, including anode distribution, detailed anode design, manufacturing and installation.

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

finaldesignanode calculationsincludinganode mass, dimensions, resistance,numbersand performance;

The final documentation shall contain the engineering drawings and equipment lists updated to “as-
built” status, and certification covering anode manufacturing and testing.
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The following additional documentation shall be included for impressed-current systems:

— transformer-rectifier documentation, including capacity, control and alarm facilities and circuit
drawings;

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

— procedures for fastening anodes, reference electrodes and dielectric shields, if applicable;

— documentation of impressed-current anode performance;

— |drawings showing location of anodes and reference electrodes;

— |detailed drawings of cables and electrical isolating joints, if applicable;
— |drawings of cable protection conduits;

— |documentation of potential-monitoring system.

A sthedule of materials to be used for the installation of the CP system shall be issued,|listing the
spefified materials in the quantities required to construct the CP system.

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

13.2 Commissioning procedures

For|galvanic anode systems, commissioning is generally not necessary.
Forlimpressed-current systems the commissioning procedures shall include:
— |testing of pipeline isolation where present;

— |energizing CP hardware, if necessary;

— |measurement of adequate protéction levels (see Annex D);

— |interference testing, if applicable.

13.3 Operating and maintenance manual
Forlimpressed-currentsystems, an operating and maintenance manual shall be provided containing:
— |a descriptionzof the system and system components;
— |a commissioning report;

— | drdawings for as-built components/systems;

— Tmanufacturer/supplier documentatiors;
— potential criteria for the system;

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

— guidelines for the safe operation of the CP system;

— maintenance procedures.
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14 Operation, monitoring and maintenance of CP systems

14.1 General

Details of inspection and monitoring shall be performed in accordance with Annex D. Details of
interference are given in Annex F.

14.2 Monitoring plans

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

The monit(lmring plan should consider the following:

— requirpd types of measurement, such as pipe-to-seawater potentials, anode potentials, anjode
current outputs, visual inspection of anode dimensions, pipeline isolation testing, etc.;

— locatigns at which measurements are to be carried out;
— any permanent monitoring facilities;
— requirpd monitoring installations and equipment to carry out such sunyveys;

— description of the techniques to be used, such as monitoring by divers, ROVs, trailing wires, toyed
fish, efc.; this description shall also include methods for accurately locating the pipeline, and|the
constrjuction-phase requirements concerning the acquisition.ef navigation data for this purposg;

— frequency of each type of measurement.

This plan shall be part of the operating and maintenance manual.

14.3 Repair

Remedial heasures shall be implemented if periodic surveys and inspections reveal that protection no
longer medts the design criteria. In such cagsesthe installation of additional anodes can be required

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

NOTE Mechanical fixing devigesymight not give reliable electrical connections for long-term applications.

Future inspections should ificlude checks on all retrofitted galvanic anodes which rely upon mecharfical
contact with the pipeline‘for electrical continuity (e.g. the measurement of potential on both the anjode
and the pigeline immediately adjacent to the attachment point).
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Annex A
(normative)

Galvanic anode CP design procedures

e

CTTIUTE

Annex A specifies the detailed design procedures of CP systems based on galvanic anodes:

A.2 Subdivision of pipeline
Pipg¢lines may be divided into sections where changes in conditions, such‘as water depth| operating
tenperature or burial, can give rise to variations in design current density.
A.3 Surface area calculations

Forleach pipeline section, the surface areas to receive CP shall-be/calculated separately where|conditions
caupe different current requirements.

Components to be connected electrically to the pipeline, such as risers, expansion loops, ti¢-in spools,
valyes and tees, shall be included in the surface areaalculations.

A.4 Current demand calculations

From the pipeline dimensions and the €bating selected, the mean current demand, Icy,, arjd the final
denpand (Icf) shall be calculated separately from Equation (A.1).

[ =A.X foXI, (A.1)

whegre

I isthe currentdemand for a specific pipeline section calculated for mean and final c¢nditions,
in amperes,

ic isthe gurrent density, selected for mean and final conditions (see 7.4), in amperes p¢r square
mefre;

fc £iS the coating breakdown factor determined for mean and final conditions (see 7.5);

rotlha ool £, £, I H 1 o 3 rs
L1C IS LtIIe totdr sulridlo drvd ivl d DPCLIII\- lJllJCllllC OCULLIVII, TIT Dl.il.lal CIIICLICO.

A.5 Selection of anode type and dimensions
The type of anode shall be determined from fabrication, installation and operational considerations.

The internal diameter of bracelet anodes shall be determined from the nominal outside diameter of the
pipe plus maximum specified coating thickness, maximum pipe diameter tolerances and pipe ovality.

For pipeline bracelet anodes mounted flush with the concrete coating, the thickness of the concrete
coating layer shall be taken into account when determining the overall dimensions of the anode.

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

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

8760
UXE

m=Icthd1>< (AZ)

where

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

Icm is fhe mean current demand for the specific pipeline section, in amperes;
tar is the design life, in years (7.3);
e isthe electrochemical capacity of the anode material per kilogram (8.3), in ampere hours;

u is the utilization factor (8.4).

A.7 Calqulation of anodes, dimensions and net mass

The final dmensions and net mass of the individual anodes shall be optimized, by carrying out a nunjber
of re-iteratiive calculations, using the equations below.

The total net anode mass is given by Equation (A.3).
(A.3)

m=nxm,

n is the number of anodes to be installed @n‘the specific pipeline section;

m is the total net anode mass, in kilograms, for the specific pipeline section [from
Equation (A.2)];

m, is the individual net anode raass, in kilograms.

The minimjum number of anode$ n shall be determined considering the maximum allowable anjode
spacing (8/1). For bracelet angdes, anode spacing is set at a fixed number of field joints. For sled anofes,
the anode §pacing is usually’set at an easily defined spacing (e.g. the calculated spacing may be 1 187 m
but a spacipg of 1 000 nmisselected).

NOTE1 Theanod€nianufacturers usually have standard-size moulds available for specific line sizes. Althqugh
Equation (A}3) is correct, in practice n and m, are selected using Equation (A.4).

m>n Xy (A4)

The required end-of-life individual anode current output, If, shall be calculated from Equation (A.5).

=t (A5)

where
I is the required end-of-life individual anode current output, in amperes;

Ics is the total current demand for the protection of the specific pipeline section at the end of life,
in amperes;

n is the number of anodes to be installed on the specific pipeline section.
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For a given anode size and mass, the actual individual anode current output at the end of life, Iy, is
calculated from Equation (A.6).

_E.-E,

Iaf R

a

where

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

E, 1isthe design closed-circuit potential of the anode, in volts (see Table 5);

For

cor

NOTI

To provide the required current, the actual anode current output shall be greater than or e

req

Equ
tob

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

R, isthe total circuit resistance, which is assumed to be equivalent to the anode tesistgnce, in
ohms (see A.8).

E2  E.-E,is generally referred to as the design driving voltage, intvolts.

(A.6)

determining the end-of-design-life anode-to-seawater resistance, the, anodes shall be assumed
to Be consumed to an extent given by their utilization factor. The approximate anode
‘esponding to this degree of wastage shall be used in the anode resistance formula for R{ (see A.8).

imensions

qual to the

lired current output:
Laf > It (A7)
ations (A.4) to (A.7) should be used to optimize the number, size and individual mass of the anodes

e used. For anodes that meet the criteria of Egttations (A.4) and (A.7), an economic optimization may

be darried out considering anode fabrication and installation cost.
A.8 Anode resistance equations
The anode resistance shall be calculated as follows:
a) [for bracelet anodes
R, =0,315x 2 (A.8)
Ja
b) [for slender anedes:
Razzx';;xllx(ln%—l) (A9)
where

R, isthe anode resistance, which is assumed to be equivalent to the total circuit resistance, in
ohms;

p isthe environmental resistivity, in ohm metres;
is the length of the anode, in metres;
r  isthe radius of the anode, in metres;

A isthe exposed surface area of the anode, in square metres.

Typical seawater resistivities are shown in Figure A.1.
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3 salinity|4,0 %

Figure A.1 — Seawater resistivity as a function of temperature for salinities 3,0 % to 4,0 %

For anodeg exposed to seabed environments, the resistivity should be assessed by measurementf or
previous experience. If no.data are available, 1,5 (0:-m should be used.

For non-cylindrical@nodes, the radius, r, in Equation (A.9) shall be calculated from Equation (A.10).

r=— Al10
21 ( )

where
r  isthe radius of the anode, in metres;
C isthe cross-sectional perimeter, in metres.

Other anode resistance equations may be validated by theory and/or testing.
A.9 Design adjustments for varying conditions

The coating breakdown factor, f;, and the electrochemical capacity, ¢, used in the typical CP design
assume that the operating conditions for the pipeline will not vary over the life of the pipeline. If this
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assumption is not correct, the values used in Equations (A.1), (A.2) and (A.6) will not be constants, but
will vary as the operating conditions change. The impact of these varying conditions upon the CP design
may be evaluated by repeating the design calculations at the extremes of the expected conditions. If
the difference between the two anode designs is small, the most conservative design should be used.
However, if the number of anodes required by the two designs is significantly different, a design that
addresses these changes may be developed.

EXAMPLE1 For high-temperature pipelines installed several years before the start of production, cathodic
current requirement during the period prior to start-up will be less due to the cooler temperature.

EXAMPLE 2  For buried flowlines that can experience increasing operating temperatures as water production

inc
pro
timd

EXA
as d
cony
not

And
cur
ano

NO'I
env
whi
ran

To 3

uction than in the later high-temperature period. Since the anode operating temperature ¢an
, the electrochemical capacity can vary as the temperature increases.

MPLE 3  Pipelines with exceptional coating quality and a high cathodic current density requir
eepwater insulated lines, may require such small amounts of current that the anede current
Fentional anode bracelet design is below 1 000 mA/m2. The electrochemical capacity of alumini
h constant value at anode current densities below 1 000 mA/m?2,

de electrochemical capacity is usually tabulated as high and low\temperature value
rent densities in excess of 1 000 mA/mZ2. For normal operating temperatures less thar
de current densities over 1 000 mA/m?2, this variation may be ignored.

E
blope or where the operating conditions will change over the life of the anode (as an example, se
Ch gives curves of anode electrochemical capacity versus,anode current density for two specific t
res). In these situations, the anode electrochemical capacity, €, changes over the life of the pipelin

ccount for these changing conditions, a single value for the anode electrochemical capacity

appropriate in Equation (A.2). If variable electrechemical capacities are envisaged, then Eqy

sho

wh
Infq
wit
tha

1ld be revised by Equation (A.11).

A.x8760 ¢. 1
mZCT‘!ICXfCXE dt

re i¢, fc and € are not constangvalues but vary over the design life of the pipeline.

rmation about ¢ as a function of temperature and/or current density may be obtained in
n Annex C. Normally, these calculations are performed as numerical integrations usinga s
allows the annualatte for m to be calculated and then summed over the life of the pipd

al period of
hange with

ement, such
density of a
um alloys is

at anodic
50 °C and

Examples 2 and 3 listed above describe applications thatfall either outside the normal anodle operating

e Figure A.2
emperature
e,

may notbe
ation (A.2)

(A.11)
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Figure A.2 — Aluminium anode performance in Seawater at low current densities
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Annex B
(normative)

Attenuation of protection

B

Ond
an 2
equl
eled
poil

Fig
the

Key

NOTI

CTTIUTE

tions. Using these equations, it is possible to obtain an indication of the distribution of
trolyte potential and the current flowing onto the pipeline a function of theddistance fro
its (i.e. anodes).

ire B.1 provides an illustration of the potential and currents as asfunction of the dis
drain point.

Eq, 1o Ex, Ix £y,

e the number, size and spacing of the anodes have been determined in accordance.with Annex A,
ipproximate check on the suitability of the anode distribution can be carried out‘using 4ttenuation

e pipe-to-
the drain

ance from

drain point

E The symbols used in this figure are defined in B.2.

Figure B.1 —Drain point definition

B.2 Method

For a pipeline with multiple drain points (anodes) at a uniform spacing of 2L, the potential, Ex, and
current, Iy, at any distance x from the anode shall be calculated using Equations (B.1) and (B.2):

cosha (L—x)

cosha L
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IX:I()X

where

sinha (L—x)
sinho L

Eo isthe pipe-to-electrolyte potential shift at the drain point (anode), in volts;

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

Ip isthe current flowing onto the pipe at the drain point (anode), in amperes;

(B.2)

Iy isthe current flowing onto the pipe at a distance x from the drain point, in amperes;

L is half the distance between drain points, in metres;

by

Ry, isthe linear electrical resistance of the section of the pipeline, in ohms per metre,and is giv
A
w

R: isthe leakage or transverse resistance, in ohm metres, and is equal tp D ;
n

Ry

Ro is the pipe-to-electrolyte insulation resistance, in ohm square metses;

p is the specific resistance of the pipeline material, in ohm metres;

Dy is the external diameter of the pipeline, in metres;

Ay is the cross-sectional area of the pipe wall, in squaremetres;

a isthe attenuation constant for the pipeline seéction, in reciprocal metres, and is equal to \F

A value for
the followi

— typeo

the insulation resistance Rg should be selected based upon practical experience and cons
hg:

F coating;

— exposure conditions such as to seawater or seabed sediments;

—~
n|r'|

[EN

der

— design| life of the pipeline @nd anticipated progressive reduction in coating resistance over|the
design|life;
— pipelirje installationmethod and projected extent of coating damage.
The linear electricalresistance of the section of the pipeline R, may be calculated from Equation (B}3):
R, =4I ~% (B.3)
n(Do _Di )
where

D, is the outer diameter of the pipeline;

D; isthe inner diameter of the pipeline;

L  ishalfthe distance between the drain points, in metres.

Alternatively, values for the electrical resistance for standard pipe sizes may be obtained from tables in
Reference [11].
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B.3 NORSOK procedure
The procedure given in this clause may be used for determining the maximum distance between anodes.

NOTE Reference [13] provides further information for this method. Using this method, the maximum voltage
drop is calculated by assuming that the whole area with coating breakdown is located halfway between the anodes.

The voltage drop (or potential increase) between two anodes for a CP design based on anodes equally
distributed along the pipeline should be calculated using Equation (B.4).

AE AL LZXPMEXleCfXD n : D yal L L0 40
T AL — T I\ l/\lb/\U/\j ANL LD‘l‘j
Me A 4><d><(D—d) anode cf
whére
AEA is the IR drop due to transporting the current from anode to cathode, .electrolytic poten-

tial drop (V);

AEMe  isthe IR drop due to transporting the current in the pipe walllunetallic potential drop

(v);

Ranode is the anode resistance which is assumed to be equivalent to the electrolytic refistance,
in ohms;

PMe is the resistivity of the pipe wall material, in ohm metres;

L is the length between anodes, in metres;

i is the current density, in A/m?;

fot is the final coating breakdown facter (see 7.5);

D is the pipeline outer diameterxin metres;

d is the pipeline wall thickness, in metres.

For|anodes distributed along a.pipeline, loss of one anode shall be taken into account when galculating
themaximum distance betwéen'the anodes; see also 8.1.

For|a CP design with anode banks located at the pipeline ends only, the voltage drop (or potential
incgease) between the‘two anode banks should be calculated using Equation (B.5).

szpMexixfcfxD N Ranode XIXTXDX fo¢ XL

4xdx(D-d) 2 (B-5)

AEMe+AEA=

Equation{B.5) is valid only if the pipeline section and the anode pipe joints are unaffectdd by other
insfiallations at the pipeline ends. If this condition is not fulfilled and such structures can drpw current
fromthe anodes then the last part of Equation (B 5) which represents the voltage drap from the anode,
shall be further developed to account for such effects. A special assessment of the anode voltage drop
shall also be made when the pipeline is protected from anodes on a structure at the pipeline end. In cases
where end mounted anodes are used in combination with anodes or anode spools along the pipeline, a
combination of Equation (B.4) and Equation (B.5) shall be used.
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C.1 Gen

Annex C
(normative)

Performance testing of galvanic anode materials

ral

This annex]
anodes in 4

The perfor]
data from 1

This proce

Performan
whenever {

C.2 Sam

Material fg
the samer

Two speciy
compositig
of alloying
anode mat

Cylindrical
machined f{

A hole wit
one end an|
coating on

After moufting on the support rod, the specimen ends shall be coated by a sealing compound suc

polychloro

Prior to e3
equivalent

provides a procedure for laboratory testing for determining performance values for-galv
given environment.

mance of galvanic anode materials may also be validated by field experience,‘€ither by u
monitored anodes or by dedicated field-testing of full-size anodes.

Hure is also applicable to special environments, such as hot seawater-er sediments.

ce testing shall be carried out for new (nominal) anode compagsitioens and/or foundry,
here is a need to verify anode material performance.

pling and preparation of test specimens

r testing shall be sampled either from manufactured-anodes or from special castings u
hw materials and melting practice as for normalproduction.

hens shall be prepared from materials representing a minimum of five heats. The chem
n of the material test samples shall be representative of normal production, i.e. the con
and impurity elements shall reflect thé_manufacturers’ internal composition limits for
brial.

rom the sample material.
1 a diameter of approximately 2 mm shall be drilled through the test specimen, tappe

d connected to a titanium support rod. The support rod shall have an electrically insula
a1l areas which will’be’exposed to the test solution.

prene glue o¥silicone rubber.

Aftetydrying, the specimens shall be weighed to the nearest 0,1 mg.

hnic

bing

and

bing

ical
fent
the

specimens with a minimum diameter of 20 mm and a minimum length of 80 mm shalll be

d at
[ing

1 as

posurgenthe test specimens shall be rinsed in tap water and then dried with ethano] or

C.3 Testing equipment and experimental procedure

The testing environment shall be clean natural seawater with a salinity = 3,0 % mass fraction. The
temperature of the testing environment may vary in the range +7 °C to +20 °C. Temperature and salinity
of the test environment shall be recorded at least once per week.

The test cells shall be configured as outlined in Annex E with a continuous exchange of seawater in the
cell at a rate of atleast 1 I/min. The seawater shall be continuously purged with air.

Testing shall be performed as a free-running test.

The duration of the test shall be a minimum of 12 months.
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The integrated current may be determined by a coulometer or by recording the voltage drop across the
precision resistance to be introduced in the circuit. Manual readings of the integrated current shall be
taken at least once a week.

Manual recordings of anode potentials (see Annex E) shall be taken at least once a day for 5 days during
the first 2 weeks of testing, and at least once a week thereafter. Continuous recording may be used as
an alternative.

The anode and cathode areas shall be connected across a 10 () precision resistor in order to limit the
anode current density. Higher and lower circuit resistances (e.g. 2  to 20 ) may be applied if more
extensive data are required. The cathode surface area shall be at least 30 times the exposed anode

sur

The
us

—

Med
sha

The

CA4
A te

a)

b)
c)
d)
e)
f)
g)

g a high-impedance (>107 Q) voltmeter.

ace area.

anode current density shall be calculated from the voltage drop across the 10 Q€ircuit]

surements of current and anode potential shall be made atregular intervals Steel cathode
1 also be recorded at the same time.

electrochemical capacity shall be calculated as specified in Annex E.

Documentation
st report containing the following shall be prepared:

data from melting and casting of the test material, inéluding alloying and impurity elemen
anode performance;

nominal composition and guaranteed compositional limits;
specimen preparation, testing equipment-and procedures;
environmental data, including seawater temperature and salinity;
anode potentials presented graphically as a function of time;
photographs of anode specimens prior to and after cleaning;

electrochemical capacity, in ampere hours per kilogram.

resistance

potentials

s affecting
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D.1 Intr

Annex D
(normative)

CP monitoring and surveys

duction
aHcHOR

A number
of monitor
requireme

A post-ing
accordanc

Further su
CP des|
results
report

presern
Tables

potent

bf methods may be employed to monitor the effectiveness of offshore pipeline CP.Fhe'l
ng shall be commensurate with the criticality and condition of the pipeline, and minin
hts of regulations.

tallation survey should be carried out within 12 months of pipeline-installatior
e with D.6.1.

Fveys should be considered based on:

ign and anode performance in accordance with this part of ISO5589;
from the initial survey;

ed excessive anode consumption;

ce of coating damage which may result in breakdown factors larger than those give
3 and 4; and

ial interference with neighbouring pipelines-and structures.

If the pipeline is to remain in service beyond its original design life, then at least one potential sur

shall be pe

D.2 Top

Measurem
reference ¢
to the rise
electrode s
riser. Poterj
electrode @

NOTE1 |
accuracy. H

Fformed within the last 5 years of the'design life of the CP system (see D.6.2).

side potential monitoring

ents of potentials applied to pipeline risers may be carried out by using a simple port
lectrode and a conyvéntional voltmeter. The voltmeter negative terminal shall be conne(
- above the waterline, and the positive terminal to the reference electrode. The referg
hall be lowered-\into the water alongside and, to ensure accuracy, as close as possible to
tials shall berecorded at different depths determined from markers attached to the referg
able.

Notion.of the water and loss of visual contact with the reference electrode reduces measuren
bwever, accuracy can be restored if a diver is employed to ensure good positioning of the refer

electrode. W

bvel
um

in

1 in

vey

hble
ted
nce
the
nce

hent
P1nce

'hen divers or ROVs are used for measuring potential, specially designed contact probes are used

(see

D.4.3.1). Electrical contact between the riser and host structure shall be checked, if considered possible, prior to
reading potentials.

NOTE 2  The potential of risers can be influenced by the host structure if in electrical contact with the host
structure. However, the potential of the riser is not necessarily a good indicator of the potential profile along the
whole pipeline.

The potential on short pipelines running between two platforms may be modelled using attenuation
equations, and the worst-case potential value predicted from the potentials measured at the extremities.
Potential measurementsshallbe carried outatintervalsalongthe pipeline for verification of model reliability.
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NOTE 3  The length of such pipelines is dependent upon pipe wall thickness and diameter, external coating
condition, operating temperature, degree of burial, end-point potentials, impressed-current anode location,
galvanic anode condition and spacing, and whether or not the pipeline is effectively isolated from the host
structure(s).

D.3 Visual inspection

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

NOTE Direct visual inspection by divers or ROV cameras can disclose deficiencies of a CPIsysflem, such as
danjaged or missing anodes, damaged cables, excessive anode consumption. Apparent corrosion darpage or rust
disdoloration can be another sign of under-protection. Low anode consumption can indjcate’ passfvation, and
heayy calcareous deposits close to the anodes can indicate overprotection.

Galyanic anode surfaces should be cleaned before any physical measurementsof anode dim¢nsions are
taken.

D.4 Potential measurements

D.4.1 General

Potgntial measurements should be taken to assess the performance of the CP system in accorfance with
thid part of ISO 15589.

The objective of potential measurements is to determine the actual potential at the pipe-tp-seawater
intdrface with respect to a reference electrode;*such that the effectiveness of CP can b¢ assessed.
Accpptance criteria are given in Table 1 and\may be converted for different reference elgctrodes as
detailed in D.4.2. Normally it is difficult toumeéasure pipe-to-seawater potentials directly, as Hare steel is
notfusually available. In such cases, indiréct potential measurements should be considered.

Potentialmeasurementsshould alsobetakenatgalvanicanodestoobtaininformation ontheir pgrformance.

When CP is achieved using ifapressed-current systems, the potential shall be measurefl with the
protective current applied.

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

In most circumstances, except near impressed-current anodes, the voltage drop in the seawdter may be
taken as zero.

Test equipmment shall be maintained and periodically calibrated. Reference electrodes shall pe checked
for rontamination and routinely calibrated against a standard laboratory-grade reference electrode.

Referenceetectrodes stratt—bepositioned a5 close tothe pipetine as— practicat, i particular for
measurements of anode potentials with large voltage drops in the seawater adjacent to the anode. In
these cases, the IR drop shall be compensated for when interpreting the measured anode potential in
terms of the true anode potential.

Anode potentials should be more negative than the design closed-circuit anode potential.
NOTE 2 More positive recordings indicate excessive current load or passivation behaviour.

Electrical safety shall be observed when divers work on pipelines protected by an impressed-
current CP system.
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The steel/sea water potential shall be measured to determine whether a structure is adequately
protected. For such measurements, connections shall be made to both the structure and the electrolyte.

NOTE 3 The connection to the structure is a simple metallic one but, for the connection to the electrolyte, a
metal conductor has to be introduced into the electrolyte. This conductor introduces its own electrode potential,
which inevitably becomes included in the measured value. This situation can be resolved by using a conductor
of reproducible and defined electrode potential; this is called a reference electrode. Irrespective of the type of
reference electrode used, it is essential that it be placed very close to the metal surface as the measurement of the
potential difference between the metal surface and the electrolyte can be considerably affected by the potential
drop produced by the protection current as it flows through the surrounding electrolyte to the structure. This
effect, known as the IR drop, has the effect of making the measured potential more negative than the actual

potential at ThetR-+d
relevant to |

D.4.2 Re
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with differ
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q

J

NOTE 1
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for field use
high-purity
for most pj
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crreTreTaT CreCTr Oy te e rat e eI T O p 1S Ot ptaCII T O CICETr OTy tC T CSTSTrv Ity arnrtrrspar ot

puried structures. The resistance of any coatings will also have an effect.

ference electrodes

blectrodes such as the saturated calomel electrode or various silver/silver chloride electra
ent concentrations of KCl electrolyte may be used as master referencélelectrodes.
in the same assembly, to give an on-line cross-calibration, should be considered for poten
devices.

ng and controlling cathodic protection systems in seawater because’they are insufficiently ro
. Reference electrodes used more often in the field are silver/silvér chloride/seawater electrode
actical purposes even if the electrolyte is not fully defihed and reproducible. The silver/s
hwater (Ag/AgCl/seawater) electrode is the most widel§z'used electrode for seawater applicati

in conjunction with portable monitoring equipment.

ence electrodes that may be used in place of the Ag/AgCl/seawater reference electrode

arly

des

Two

ial-

aturated calomel electrodes orsilver/silver chloride/potassium chloride electrodes are not often fised

bust
sor

or anode-alloy-specification zinc electrodes. These electrodés ate considered sufficiently accufrate

lver
ons,

are

described
versus Ag

a)

pbelow, with the respective protection potentials for carbon steel equivalent to the -0,40 V

AgCl/seawater criterion.

Saturafted copper/copper sulfate reference-electrode (CSE). The least negative potential measyred
againsf this electrode shall be -0,85 V. Fhis electrode is more commonly employed for determining
the levlel of protection on onshore pipelinhes and is not sufficiently stable in seawater for long-term
immerfsion in this environment. It:is'not recommended for use in seawater.
b) High-purity metallic zinc electrode. “High purity” (ASTM B418, type I, or EN 12496, alloy type
or a zinc alloy used for anode)ymanufacturing (US Mil Spec A-18001K or EN 12496, alloy type Z
Z3) haye a moderately stable potential in seawater and are sometimes used as a reference electr
HoweVer, zinc electrodes are less accurate than silver/silver chloride reference electrodes, and
mostly used in permanent monitoring applications. For permanent installations, a small an
current should pdss'through the surface to keep it clean and active. The least negative potentia
effectiye CP oficarbon steel versus the zinc/seawater electrode is +0,25 V.
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Saturated‘calomel reference electrode (SCE). This electrode comprises mercury and mercuious
chloride-in a saturated solution of potassium chloride. The least negative potential for effectivg¢ CP
of low-alloy steel is —0,78 V. This electrode is not normally used for site surveys and is more suitable
for laboratory applications.

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

applications.

Reference electrodes used in the field shall be periodically checked with a master reference electrode
having a valid calibration certificate. The master electrode shall be calibrated periodically with a
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minimum frequency of once a year to a primary calibration reference electrode (normal hydrogen
electrode; NHE).

Reference electrodes such as the saturated calomel electrode or various silver/silver chloride electrodes
with different concentrations of KCl electrolyte may be used as master reference electrodes.

NOTE 2

The official reference electrode is the standard hydrogen electrode (SHE). This electrode considers the

fugacity coefficientfor hydrogen gas and the activity coefficient for H+ ionsbutis practically impossible to manufacture.

D.4.3 Direct contact instruments

D.4{3.1 Contact probes

Potgntial measurements may be made above water using a conventional voltmeter’conne
refgrence electrode via a cable, and a second cable from the metal tip of the contact priobe to tl

ter

pip¢line riser.

NOTE
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Monitoring devices should.-be)connected to a topside facility such as a data logger via

inte
linK

NOTI
NOT
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inal on the voltmeter. The second cable should not be connected to the abeve-water {

Contactprobes comprise areference electrode in arobust housing with-a metal tip to make d

e, similar to topside monitoring (see D.2), but have the added ability to‘contact the structure lo
bl tip. This is important if a pipeline is isolated and topside ground confiection to the voltmeter is n

bntial measurements may also be made by self-contained contact probes which are simila
fact probe, but in addition to the reference electrode have an integral voltmeter and do

cables back to the surface. These probes can be diverrheld or ROV-mounted, and only ¥
contact grounding mode. Readings are displayed subsea and are either recorded visuall
b, or relayed verbally to a surface data recorder by the diver.

3.2 Fixed/permanent systems

ical pipelines, such as those operating at high temperatures, inaccessible risers or p
ronmentally sensitive areas, can bé equipped with permanent CP monitoring facilities
lines, a number of devices can be dsed, such as permanentreference electrodes, steel coupong
ipeline, current density coupons (either bare steel or coated), and anode current monitoring

rrogated via an acousticlink. Battery life, cost and practicality should be considered for 4
ed devices.

E1 Acousticallyzlinked devices require battery packs, and interrogating them is a labour-inte
E2  Distripution of monitoring devices over the entire length of the pipeline is impractical
itoring fdcilities are more appropriate for risers or on sections of the pipeline within a fairly sh
h the platform or the shoreline.
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Current density and electric field gradient measurements may be used to verify that galvanic anodes in
unburied pipelines are active. For buried pipelines, locating anodes can be more restricted, and tracking
capabilities, depth of burial and anode current output should be considered. Calculation of anode current
output can be performed if highly accurate measurements of the magnitude and direction of the electric
field or current are available.

NOTE There are several techniques for on-line measurements of galvanic anode current output. Such data
are applicable to calculations of remaining anode life and can be used to optimize future designs.
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D.6 Surveys

D.6.1 General

An underwater visual survey for main trunklines and other critical pipelines shall be conducted during
or after the installation to determine if any damage to the CP system has occurred. The survey may
include a determination of the pipeline potential along its length, current output from galvanic anodes
from field gradient measurements, and coating condition assessments. If a baseline survey for a galvanic
anode CP system confirms that the corrosion-control system is working as designed, it may not be

necessary to carry out the next CP survey on the pipeline for many years.

Results frg
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Localized (
protection

—  knowr]
damag
damag
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Where conpiplete periodic surveys are impossible because of inaccessibility, surveys may alternati

be carried

Buried pip¢
to CP facili
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Different s
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The most c
swim alon
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ed to areas where marginal or insufficient CP has been identified during previous sury
s where damage to anodes and/or coating has been reported.

r full-length surveys shall be carried out more frequently where inadequaci¢s)in the lev
are known or suspected, due to

shortcomings in the original CP design,
e to the pipeline or the CP system,
e from third-party interference,

e approaching the end of the CP system design life if inténded to operate beyond.

put on a sampling basis.

lines are in general difficult to survey, as visualexamination for coating condition and dam
ies, in particular anodes, is not possible. Account should be taken of this in risk assessme

thods

easurements using two or mere reference electrodes at fixed distances from each other
peline, are available.

omplete and accurate-systems of potential measurement employ a diver or ROV to physic
b the pipeline and take point readings at intervals, using a CP probe with a tip contact
reference electrode. These are often referred to as “stab” readings. Installation of coup

m previous inspections should be used for planning future inspections. Attention sha1|l be

eys

] of

Uely

age
nts.

irvey methods, including potential measurement by direct contact with the pipeline or flield

and

ally
and
ons

should be ¢onsidered to.énsure proper measurements. Attenuation models may be used to predict{the

potential dlistributionbétween successive measurement points.

NOTE )i
limited as c

or concrete weight-coated pipelines where the coating is in good condition, this technique can be
bntactreadings to anodes do not provide information on protection level.

fery

One survey method, which overcomes the problem of being unable to contact the pipe directly, wses
fixed reference electrode arrays at a known distance from the pipeline. The arrays shall be mounted

on the ROV with two or more reference electrodes at measurable distances apart. The ROV shall move
along the pipeline at a fixed distance, and shall measure electrical field gradients around the pipe due
to the CP current in the seawater. Using computer software, these measurements can be converted into
pipe-to-seawater potentials and the potential profile along the pipeline can be determined. Electric field
gradient measurements can be used for assessing current density levels on anodes and pipeline, and for
locating coating defects.

Alessaccurate survey method utilizes a submerged sensor or “fish”, towed along by a surface vessel. With
this technique, electrical contact is made to the pipeline via a trailing wire connected to the pipeline at
the landfall or the riser. The surface vessel shall follow the route of the pipeline, towing the “fish” behind
it. The potential of the pipeline shall be measured continuously with respect to the reference electrode
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