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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
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Introduction

This document has incorporated criteria and thresholds together with experience gained from the
most recent data. Various countries have a very different approach to the prevention of AC corrosion
depending primarily on the DC interference situation. These different approaches are taken into
account in two different ways:

— in the presence of “low” on-potentials, which allows a certain level of AC voltage (up to 15 V);

— in the presence of “high” on-potentials (with DC stray current interference on the pipeline for
instanc i i i i

This documgnt also gives some parameters to consider when evaluating the AC corrosion likelihood,
as well as dg¢tailed measurement techniques, mitigation measures, and measurements to carry o
the commispgioning of any AC corrosion mitigation system. Annex E proposes other parameterg and
thresholds that require further validation based on practical experiences.
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Corrosion of metals and alloys — Determination of AC
corrosion — Protection criteria

1 Scope

This document specifies protection criteria for determining the AC corrosion risk of cathodically
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hpplicable to buried cathodically protected pipelines that are influenced by AC(trac]
pr AC power lines.

e presence of AC interference, the protection criteria given in ISO 1558931 are not
nstrate that the steel is being protected against corrosion.

document provides limits, measurement procedures, mitigation_measures, and inf
with long-term AC interference for AC voltages at frequencies between 16,7 Hz and 6
jation of AC corrosion likelihood.

document deals with the possibility of AC corrosion of metallic pipelines due to AC ij
ed by conductive, inductive or capacitive coupling with AC power systems and th
hble limits of these interference effects. It takes into‘dccount the fact that this is a long
h occurs during normal operating conditions of th€’AC power system.

document does not cover the safety issues associated with AC voltages on pipeline
ed in national standards and regulations (s€€, e.g., EN 50443).

Normative references

following documents are referred to in the text in such a way that some or all of t
fitutes requirements of this\document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme
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3 Terms and definitions

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

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

[

|
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31
AC electric traction system
AC railway electrical distribution network used to provide energy for rolling stock

Note 1 to entry: The system can comprise the following:
— contact line systems;
— return circuit of electric railway systems;

— running rails of non-electric railway systems, which are in the vicinity of and conductively connected to the
running rails of an electric railway system.

3.2
AC power spipply system
AC electricall system devoted to electrical energy transmission, which includes overhead lines, cgbles,
substationsfand all apparatus associated with them

3.3
AC power system
AC electric traction system (3.1) or AC power supply system (3.2)

Note 1 to enfry: Where it is necessary to differentiate, each interfering system(3%6) is clearly indicated with its
proper term.

34
copper/copper sulfate reference electrode
CSE
reference elgctrode consisting of copper in a saturated solution of copper sulfate

3.5
ACvoltage
voltage measured to earth (3.9) between a metallic'structure and a reference electrode

3.6
interfering|system
general expfession encompassing an interfering high voltage AC electric traction system (3.1) and/or
high voltagg AC power supply system (8.2)

3.7
interfered system
system on which the interference (3.15) effects appear

Note 1 to entfy: In this deeiiment, it is the pipeline system (3.8).

3.8
pipeline system
system of pi|pe network with all associated equipment and stations

Note 1 to entry: In this document, pipeline system refers only to metallic pipeline system.
Note 2 to entry: The associated equipment is the equipment electrically connected to the pipeline.

3.9

earth

conductive mass of the earth, of which the electric potential at any point is conventionally taken as
equal to zero

[SOURCE: IEC 60050-826]
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3.10
operating condition
fault-free operation of any system

Note 1 to entry: Transients are not to be considered as an operating condition.

3.11

faul

t condition

non-intended condition caused by a short-circuit to earth (3.9), the fault duration being the normal
clearing time of the protection devices and switches

Note
meta

3.12
cond
coup,
toth
grou
resu

3.13
indulctive coupling
phen

Note

indu

arrart

3.14

i

cap

phenomenon whereby the electric field préduced by an energized conductor influen
cond|

Note

each

1 to entry: A short circuit is an unintentional connection of an energized conductor to ea

rth or to any

lic part in contact with earth.

uctive coupling

ling that occurs when a proportion of the current belonging to the interferiiig system (
e system earth (3.9) via the interfered system (3.7) or when the voltage to'the reference
hd in the vicinity of the influenced object rises because of a fault in the interfering sy
ts of which are conductive voltages and currents

omenon whereby the magnetic field produced by a currentearrying circuit influences an|

1 to entry: Coupling is quantified by the mutual impedange of the two circuits. The results
ed voltages and, hence, currents that depend on, for example, the distances, length, inducing cu
gement and frequency.

q

itive coupling
ctor

1 to entry: Coupling is quantified by.the capacitance between the conductors and the capacita
ronductor and the earth (3.9). The results of which are interference (3.15) voltages into condu

3.6) returns
earth of the
tem and the

other circuit

of which are

rrent, circuit

ces another

hces between
Ctive parts or

condyictors insulated from earth-These voltages depend, for example, on the voltage of the influencing system,

dista

3.15

inte

phen

syst

3.16

dist

malfinction of a piece of equipment that loses its capability to work properly for the dui
interJ erence ('2 1 ':)

hces and circuit arrangement:

'ference
omenon resulfing from conductive, inductive or capacitive coupling (3.12, 3.13, 3.1

4) between

gms, which can-cause malfunction, dangerous voltages, damage (3.17), etc.

ation of the

lErbance

Note 1 to entry: When the interference disappears, the interfered system (3.7) starts working properly again

with

out any external intervention.

3.17
damage
permanent reduction in the quality of service that can be suffered by the interfered system (3.7)

Note 1 to entry: A reduction in the quality of service could also be the complete cancellation of service.

EXAMPLE

connected to the pipes.
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danger

:2019(E)

state of the influenced system that is able to produce a threat to human life

3.19

interference situation
maximum distance between the pipeline system (3.8) and AC power system for which an interference
(3.15) is to be considered

3.20

interference voltage

voltage cauj
3.13, 3.14) v
an insulatin

3.21

IR drop
voltage due
and the met

3.22
IR-free pots

E{R-free
pipe to elect

protection @

3.23
off-potentij
E ot

pipe to elec

current witl the aim of approaching an IR-free potential (3.22)

Note 1 to ent

3.24
on-potentid
EOI‘I

pipe to elect
3.25

spread resistance

ohmic resis
coupon (3.24

Note 1 to ent
metallic surf:

Fith the nearby interfering system (3.6) between a given point and the earth (3.9) eor-a
o joint

Lo any current, developed in an electrolyte such as the soil, between the'reference elect
al of the structure, in accordance with Ohm’s Law (U =1 x R)

bntial

rolyte potential measured without the voltage error caused by the IR drop (3.21) due
urrent or any other current

1

[rolyte potential measured after interruption of all sources of applied cathodic prote

Fy: The delay before measurement varies according to circumstances.

11

tance through-a coating defect to earth (3.9) or from the exposed metallic surfacg
b) towards earth

hce’of a coupon for a given AC or DC voltage.

| £l ot £, ) £ £2 7 1 £l o ya LN | i oy L L
Cu UITl UIIT lllLCIJCI cu o_y.)u:lu l_J-IJ U_y LT couriucterve, rmmuucteive Uil LMIJMLILIVC bUM[Jlllly \

312,
Cross

rode

o the

ction

rolyte potential measured while the cathodic protection system is continuously operating

of a

'y: Thisis the resistance which controls the AC or DC current through a coating defect or an exposed

3.26
coupon

metal sample of defined dimensions made of a metal equivalent to the metal of the pipeline

3.27
probe

device incorporating a coupon (3.26) that provides measurements of parameters to assess the

effectivenes

s of cathodic protection and/or corrosion risk
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Cathodic protection persons competence

Persons who undertake the design, supervision of installation, commissioning, supervision of operation,
measurements, monitoring and supervision of the maintenance of cathodic protection systems shall
have the appropriate level of competence for the tasks undertaken.

EN 15257 or the NACE Cathodic Protection Training and Certification Programme constitute suitable
methods of assessing and certifying the competence of cathodic protection personnel.

The competence of cathodic protection persons to the appropriate level for tasks undertaken should be
demonstrated by certification in accordance with prequalification procedures such as EN 15257, the

NAC Cotbhodico Doty Moo o nd Cariifiootrion D thar ool ang
L UAUITUUIC T TULCUOCLIVUIT llulllllls dilfvu ulIruiricativiIrl 1 1\.’61 dAIIIIe, Ul (AAAJ ULIICT \4\1“!\/“1\411\-

5

5.1

This|document is applicable to all metallic pipelines and all high voltage(AC traction syste
voltage AC power supply systems and all major modifications that ‘can significantly ch
interfference effect.

The

Elec

become dangerous nor interfere with nermal operating conditions because of short-term \
currents, which appear during short citcuits on the AC power system.

Long-term AC interference on a.buried pipeline can cause corrosion due to an exchange o
between the exposed metal of(the pipeline and the surrounding electrolyte.

This|exchange of currenf depends on an AC voltage of which the amplitude is relatec
parameters such as the following:

a rackraraina-o—alr-adat o

Assessment of the AC influence

General

effects are the following:

anger to people who come in direct contact or contactthrough conductive parts with
ipeline or the connected equipment;

amage of the pipeline or to the connected equipment;
isturbance of electrical/electronic equipmeft connected to the pipeline.

firical/electronic systems installed on a*pipeline network shall be chosen such that they

¢onfiguration-6f AC power line phase conductors;

resenceand configuration of the earthing conductor;

istanee between the AC power line/traction system and the pipeline;

scheme.

ms and high
inge the AC

the metallic

will neither
yoltages and

f AC current

to various

average coating resistance of the pipeline;
thickness of the coating;

soil resistivity;

presence of earthing systems;

voltage of the AC railway system or the AC power line system.
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5.2 Assessment of the level of interference

Calculations can be carried out (e.g. in accordance with EN 50443) by mathematical modelling to
determine the earthing requirements necessary to maintain touch voltages within acceptable safe
levels. Their results can also be used to determine voltages necessary to reduce the AC corrosion

likelihood.

During the design phase of new influencing systems (electricity power line or railway line) or a
new influenced system (pipelines), an estimation of the level of AC voltage on the pipeline should be
calculated. Calculations can be carried out by mathematical modelling to determine the level of voltage
produced on the pipeline. In the case of existing structures, field measurements can also be used as an

option to ca

According t
installed on
reduce the 4

Guidance on

cutation:

the results of calculations or field measurements, relevant mitigation measures sho
the influencing systems and/or the influenced system to achieve the relevant. ACvolt
LC corrosion likelihood (see Clause 7).

Reference [8]. The algorithm determines the worst-case conditions for the input\parameters use

the calculat

Due to incd
power lines
purposes sh
influencing

NOTE (OF:

on.

varies. The fluctuations depend on daily and seasonal changes. Input data for calcul
ould be based on the realistic operating conditions or_ thie maximum power load d
System.

rrying out calculations with input data based on both approaches helps to estimate the

between botl results and to choose the right method.

6 Evalud

6.1 Prere

ition of the AC corrosion likelihood

quisite

6.1.1 General

The AC voltd
surface at c
level of DC p

Basically, th|

lge on a pipeline is the driving force for the AC corrosion processes taking place on the
bating defects. Amorg other things, corrosion damage depends on the AC current del
olarization, defect geometry, local soil composition and resistivity (see Annex D).

re are three-different approaches to prevent AC corrosion: to limit the AC current flo

:Ild be

ge to

calculating the AC voltage on a structure caused by an AC power system-was published in

d for

nsistent load demands on AC power systems, the magnitude of operating currents in

htion
f the

fange

steel
nsity,

wing

through a d¢fect, to control the cathodic protection level, and to ensure that any coating remains defect
free. These approachies are not mutually exclusive.

The evaluatjonof{AC corrosion likelihood should be performed by the evaluation of some or all g
following pgrameters:

f the

DC curr

soil resi

AC voltage on the structure;
on-potential;
IR-free potential;

AC current density;

ent density;

AC/DC current density ratio;

stivity;

corrosion rate.
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Annexes B, C and E provide further information.

6.1.2 AC voltage on the structure

The acceptable AC voltage thresholds (see Clause 7 and Annex E) depend on the chosen strategy to
prevent AC corrosion. Hence, a given interference situation on the pipeline can influence the decision
regarding the applicable strategy.

6.2

AC and DC current density

6.2.

The

ACc
likeli
the
be c4
This
are g
spre

The

AC c
this {
area
or pif

Genrerat

AC and DC current density on a coating defect controls both the cathodic pratecti
prrosion process. Therefore, it is a more reliable parameter for the evaluation-ofthe 4
hood than the on-potential or the AC voltage. However, in contrast to the voltages
ipeline, the current density cannot be readily determined. In principle;the current
llculated from the spread resistance and the geometry of the coating'defect and th¢
calculation is generally not possible since the geometry of the coating fault and its s
enerally not known. Moreover, the application of cathodic protection can significantly
hd resistance and therefore, the current density at a given voltage.

current density can only be estimated by means of copons or probes. When ev
brrosion likelihood by means of a coupon or probe, it.isdmportant to consider the li
echnique. The calculation of the current density based-upon the metallic coupon or p1

obe surface. However, the current distribution.ofi*the coupon or probe can vary deps

geonpetry. Typically, current densities at the edges of the coupon or probe are larger than

aver
the ¢
curr

6.2.2

The

char
layer
oxidi
corr
high
proc
High
surfa
the @

ged over the entire surface. Moreover, the.6ften-observed formation of chalk layers g
ffective coupon or probe surface area, Again, this effect results in an under estim
ent density.

AC current density

AC current density resultsénanodic and cathodic charge transfer. A detailed explarn
be transfer process is given'in Annex A. This current can be consumed in charging o
capacitance at the steel'surface, in the oxidation of hydrogen (resulting in a decreasin|
ition of corrosion products, and in the oxidation of the metal. The oxidation of the mef
sion. Generally, amnificreasing AC current density results in a larger amount of metal o
er corrosion rates”However, the anodic current is not the only current that can affect t}
bss. Cathodié<€urrent can reduce oxide layers formed and increase the pH on the metal

AC current densities do not necessarily cause AC corrosion if the charge passed throu
ce can-be consumed in reactions other than metal oxidation and oxide film reduc
ase in the presence of low cathodic DC current densities. As a consequence, the judg

AC c

hrriaciaon likelihaad hacod an the AC curront doncitu roauirec tho additianal cancidod
HOoSoR1HeHd 608 badSeao0h+tie-A—cHient& Y

n level and
\C corrosion
present on
density can
AC voltage.
burface area
y change the

hluating the
mitations of
‘obe surface

and on the current measured on a coupon or probe;the current is averaged over the entire coupon

nding on its
the current
an decrease
ation of the

ation of the
f the double
g pH), in the
al results in
kidation and
le corrosion
surface.

bh the metal
tion. This is
ment of the
ation of the

=4 S T Eo T e o Tt oo oo Ter ey

cathodic DC current density.

Nevertheless, there is an empirically determined lower limit for the AC current density below which the
probability for AC corrosion is extremely low (see Clause 7).

6.2.3 High cathodic DC current density

A high DC current density results in more negative cathodic protection levels and the formation of a
high pH at the pipeline surface. However, the formation of a high pH-value, the decrease of the spread
resistance, and the increased reduction of surface oxide films can result in an acceleration of the
corrosion rate under simultaneous AC interference. Nevertheless, a sufficiently high DC current density
can prevent any anodic metal oxidation and therefore, the occurrence of AC corrosion.
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Annexes A and E give detailed explanations about this process.

6.2.4 Low cathodic DC current density

A low DC current density results in a limited increase of the pH value at the metal surface, does not
significantly change the spread resistance, and has less reductive effect on metal oxides on the pipeline
surface. Therefore, the AC corrosion likelihood significantly decreases with decreasing DC current
densities. However, low DC current densities can result in an insufficient level of cathodic polarization

of the metal

Annexes A a

surface, as stated in ISO 15589-1.

nd E give detailed explanations about this process.

6.2.5 Cur

High DC cu
AC corrosio
likelihood. 4
since metal
indicator of
(e.g. formati
the calculat

6.2.6 Soil

The AC corr
on the volta
resistivity. ]
AC corrosiol

below 2
betwee
betwee
above 3

For further
information|

6.3 Corrgd

A direct wd
probe (see §
measured c

rent ratio “I, . /I, .

rrent densities, depending on the AC current density, can result in both chigh and
h rates. Hence, the ratio of the two current densities may be used to asses$ithe corr
\s long as the ratio is below a certain threshold (see Annex E), no AC cotrosion can
oxidation in the anodic half wave is prevented. The key advantage of.using the ratio

corrosion likelihood is that the uncertainties regarding the condition’ of the metal su
on of a chalk layer) are eliminated since the precise metal surfacearea is not require
on.

resistivity

psion process is controlled by the current density on.a’ steel coating defect, which dep
pe at the location and the spread resistance. The spread resistance is influenced by th

1 risk:

5 (.m: very high risk;

h 25 Q.m and 100 Q.m: high risk;

n 100 Q.m and 300 Q.m: medium tisk;
00 Q.m: low risk.

puidance on the effeatof soil composition on AC corrosion risk, Annex D gives more det]

psion rate

y of evaluating the AC corrosion likelihood is by determining the corrosion rate
.4.3)sThis allows complex interference situations to be assessed on the basis of the a
rrosion rate. The principles of the electrical resistance (ER) probe concept are describ|

low
hsion
ccur
hS an
rface
d for

ends
b soil

[he following soil resistivity parameters have been determined by experience in terins of

hiled

on a
ctual
ed in

Annex B.

6.4 Pipel

ine coatings

AC corrosion can only take place on metal surfaces that are in contact with the surrounding soil. The
AC current passing through the metal/soil interface results in oxidation of the metal. By providing a

holiday-free

NOTE

coating, the risk of AC corrosion is greatly reduced.

defects on a pipeline.

This method is limited by the fact that it is very difficult in practice to ensure that there are no coating
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Evaluation of the metal loss

Metal loss measurement tools, such as internal inspection, can be used to verify the effectiveness of the
applied mitigation measures on new pipelines and to identify if any external metal loss has occurred on

exist

NOTE

ing pipelines without mitigation.

The resolution in terms of width and depth of the in-line inspection (ILI) tool is a crucial

be considered to detect metal loss (such as AC corrosion).

7 Acceptable interference levels

parameter to

The Jiesign, installation, and maintenance of the cathodic protection system shall ensureth

of A
valug

This

1

voltage do not cause AC corrosion. Since the conditions vary for each situation, a.sing
e cannot be applied.

is achieved by reducing the AC voltage on the pipeline and current densities@as specifie

NOTH
redug
Anne

Furt

Effed

8

8.1

Measurément techniques

\s a first step, the AC voltage on the pipeline should be decreased to.a target value, W
e 15 V rms or less. This value is measured as an average over a representative pe
e.g. 24 h).

s a second step, effective AC corrosion mitigation can be achieved by meeting f{
rotection potentials defined in ISO 15589-1:2015, Table 1;\and:

— maintaining the AC average current density (rms) over a representative period of tif
to be lower than 30 A/m?2 on a 1 cm?2 coupon or_probe; or

maintaining the average cathodic current density over a representative period of tix
lower than 1 A/m?2 on a 1 cm? coupon or probe if AC average current density (rms)
30 A/m?; or

maintaining the ratio between AC current density (J, .) and DC current density (J4
5 over a representative period.ef-time (e.g. 24 h).

Current density ratios between 3 and 5 indicate a small risk of AC corrosion. Howeve
e the corrosion risk to a minifnum value, smaller ratios of current density than 3 would be pi
X E).
her information is provided in Annex E.

tive AC corrosion’mitigation can be also demonstrated by measurement of the corrosi

Measurements

at the levels
le threshold

td below.

rhich should
riod of time
he cathodic

ne (e.g. 24 h)

ne (e.g. 24 h)
s more than

) less than

r, in order to
eferable (see

bn rate.

8.1.1 General

This clause covers techniques related to the measurements of the parameters identified in Clause 5.

NOTE

subje

cted to interference by AC systems (steady-state and fault condition).

It is important that personnel are aware of the safety issues relating to measurements on pipelines

Only instruments and cables with a sufficient isolation level as specified in [EC 61010-1 shall be used.

8.1.2 Selection of test sites

AC voltage should be measured at test posts during a general assessment and detailed and
comprehensive assessment of the effectiveness of the cathodic protection (see ISO 15589-1). Additional
measurements shall be carried out during a representative period of time (see Clause 7) at sites where
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the pipeline operator (or the responsible body acting in his/her place or on his/her behalf) suspects
that there might be a risk of AC corrosion. Such areas should include the following:

areas w

areas w

areas w

areas w

here the soil resistivity is low (e.g. lower than 25 Q.m);
here casings are filled with substances with low resistivity properties (e.g. bentonite);
ith highest AC interference levels;

here AC corrosion has previously taken place;

areas where local DC polarization conditions can favour AC corrosion, such as areas with cathodic DC

stray cy

areas wj

At a later st
indicated a {

8.1.3 Seld

The measur
be in accord|

8.1.4 San

The measur
system inte
railway intej

8.1.5 Acc
The instrum
NOTE Cq

The accurad
uncertainty

8.1.6 Inst

In order to d

rrent interference or areas where high levels of cathodic protection are present (See.o)
here internal inspection tools have detected external metal loss.

age, the test sites can be restricted to particular positions where the initial-analysi
ustained likelihood of AC corrosion.

ction of measurement parameter

ements to be carried out should take into account the parameters.described in Clause {
ance with Clause 7.

Ipling rate for the recording of interference levels

ement sampling rate shall be consistent with the type of interference. High voltage p
Fference can typically require a sampling rate ih.the order of minutes, whereas AC (
rference can require a sampling rate in the order of seconds.

iracy of measuring equipment
ents used for measuring any voltages (AC or DC) shall be suitable.
nditions are set outin EN 13509.

y of the measuring equipiient is only one amongst several factors contributing t
of the measurement.

allation of coupens’or probes to calculate current densities

alculate current'densities (see Clause 7), the use of coupons or probes is necessary (sed

8.2 DC potentialmeasurements

DC potentia

measurements and associated instrumentation are given, for example, in EN 13509.

2.3);

5 has

b and

pbwer
r DC

the

8.4).

Guidance on the accuracy of potential measuring equipment is given in Annex H.

When measuring DC potentials in conjunction with AC interfered pipelines, the following factors can
cause uncertainty in the measurement.

a)

The E ¢ potential measurements on a pipeline are generally dependent on the filter characteristics

of the voltmeter and the time after disconnection of the current source before the reading is taken.

b)

DC decoupling devices such as capacitors and diodes can influence DC potentials and DC potential

measurements. The reliability of measurements of E; potentials on the structure itself by
interruption techniques can be affected by the time constants and discharge characteristics
introduced by such devices.

10

IR-free potential measurements are affected by the induced AC voltage.
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In general (regardless of the measurement technique), the IR-free potential is shifte
positive value and the DC current density is increased by the superimposed AC v
reflects the effect of the AC voltage on the DC polarization.

d to a more
oltage. This

The above effects are generally more significant factors than the accuracy of the voltmeter itself
regarding the uncertainty of the measurement.

NOTE

in EN 13509:2013, Table 1.

Additional interference sources causing IR drops, as well as possible measuring techniques, are given

8.3 ACvoltage measurements

AC voltage measurements are used to determine the level of AC interference.

For this purpose, measurements shall be made using a data logging device programmed|to measure
the AC voltage in sufficiently short enough intervals (see 8.1.4) to capture the steady-state long-term
interfference.

AC vopltage measurements are made with reference to earth. Annex G gives a method to ddtermine the
referfence electrode location to earth.

AC vpltage measurement methods are further described in EN 50443, with reference to |appropriate
stanglards and guidelines.

8.4 | Measurements on coupons and probes

8.4.1 Installation of coupons or probes

Coupons or probes should be installed so that:they are representative of the pipeline conditions. The
following points should be considered.

The coupon or probe should be installed in the same soil or backfill as the pipeline itse

The coupon or probe geometry (size, shape, coating thickness, angle between coating af
¢oating defect) influences the spread resistance and should be taken into considg
measurements with respect'to the criteria defined in Clause 7 have to be carried ouf
¢oupon surface area.

The coupon or probe-should not cause or receive any electrical interference from adjad
r coating faults ©n'the pipeline, unless this is part of the purpose of monitoring.

The coupon afprobe should have and maintain effective electrical contact with the §
goil, unless,lack of contact is part of the purpose of monitoring. During the installat]
the soikaround the coupon or probe should be compacted to prevent settlement and v
ground the coupon or probe. These voids could result in loss of full contact between th

q

f.

d simulated
bration. The
onalcm?

ent coupons

urrounding
ion process,
ids forming
e coupon or

;Probe surface and the surrounding soil.

Coupons or probes can be installed by a number of different methods, such as:

during construction of the structure under investigation;
during excavation activities for investigation of the structure;

by augering (see Annex B).

The installation method selected depends on site access, the type of soil to be excavated, the cost

invo

lved and the availability of an electrical connection to the structure.

© IS0 2019 - All rights reserved
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8.4.2 Current measurements

Coupon or probe currents (AC or DC) can be measured by the voltage drop across a series resistor
(see Figure 1). For both AC and DC current measurements, the value of the series resistor should be
sufficiently low to avoid significant disturbance of the system. For field measurements, this is typically
in the range of 10 Q for a 1 cm?2 coupon or probe.

\Y
(-) (+)
6
-
5
T T
| |
| [
\l II
| 2 ]
\l /1
\ A 3
| [
| I |
lL iiiiiiiii 4/
Key
1 pipe
2 backfill
3 native sdil
4 coupon gr probe
5 series repistor or internal shunt resistor of ammeter
6  voltmetdr

Figurie 1 — Coupon or probe test post with series resistor for current measurements

One connection between the coupomorprobe and the pipe is essential to ensure cathodic protection and
the ability t¢ take cathodic protection measurements, while a second connection makes measurements
easier, mor¢ reliable and elimiates the effect of voltage loss in the current carrying conductor.

8.4.3 Corrosion rate measurements

Various types of corrosion rate measurements have been described in the annexes of this document.

The following three general types of corrosion rate measurements can be applied:

Wei ht AQE Ao CI ANt
g VOO IIICASUIr CIIITIIL,,

— perforation measurements;

— ER measurements.

Weightloss measurements require the installation of pre-weighed coupons. After some time of operation
(months to years), the coupon is excavated. If it is brought to a laboratory for cleaning, inspection and
weighing, this should be carried out in accordance with the procedure described in ISO 8407. The
primary advantage of the procedure is that the visual inspection provides detailed information of the
corrosion topography, maximum, as well as the average corrosion rate. The primary disadvantage is
that the coupon provides no information until it is excavated.

Perforation measurements are made on special perforation probes (see Annex B). A signal is generated
when the corrosion process has perforated the wall thickness of the coupon. The primary advantage is
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that the maximum (localized) corrosion depth is registered without having to excavate the probe. The
primary disadvantage is that this information is not available until the coupon is perforated.

ER measurements require the installation of ER probes (see Annex B). Corrosion is detected by the
increase of the ER of the coupon when corrosion progressively decreases the thickness of the coupon.
The primary advantage of this technique is that the average corrosion rate can be followed continuously
and used to optimize cathodic protection levels. The primary disadvantage is that the localized
corrosion rate is detected with less accuracy until the probe is perforated.

AC corrosion processes have also indirectly been identified by the coulometric oxidation of corrosion
products (see Annex C).

8.5 | Pipeline metal loss techniques

Interjnal inspection tools can be used to verify locations of metal loss. If the measurement accuracy and
positfion accuracy are sufficient, then an estimate of the corrosion rate can be made (see 6.4).

9 Mitigation measures

9.1 | General

AC corrosion can be mitigated by using construction and operation measures. The following subclauses
describe measures that can be used individually or in combined application.

9.2 | Construction measures

9.2.1 Modification of bedding material

As specific bedding material condition cancaffect the AC corrosion likelihood, the soil cohdition is of
specjal importance.

Thismitigation measure can be implemented at the stage of pipeline installation by beddinlg it in sand.

Nevertheless, a full embedding-status of the pipeline cannot be ensured during operation|as the sand
could be drained, eluted or(mixed with other soil strata, which decreases the effect of the original
protéction method.

9.2.2 Installation.ofisolating joints

The AC voltageten a pipeline can be reduced by installing isolating joints at suitable posjtions in the
pipeline thuss electrically interrupting the longitudinal current path along the pipeline. The effect of
this methodidepends on the reduction of interfering proximity lengths.

NOTH The location of isolating joints can also depend on the presence of DC stray currents.

The isolating joint locations can be determined during design using simulating models
(see Reference [8]).

This method can be beneficial where there are extensive parallel routings or high soil resistivities
(e.g. greater than 500 (.m). In the case of high soil resistivity, the dimensions of the earthing system to
mitigate the induced AC interference can be significant.

The position of isolating joints should take into account the continuity/discontinuity of AC and/or DC
current distribution along the pipeline.
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Installation of mitigation wires

Interference can also be modified by the installation of an insulated wire in close proximity but not
connected to the pipeline and between powerline and pipeline. The insulated wire is also earthed at
each extremity. This method should not be used as it is considered to be a more effective measure to
prevent short-term interference rather than a method to reduce long-term interference.

In any event, bare wires shall not be used because they can have an adverse effect on coating defect
surveys in the case of a coating defect on the pipeline.

9.2.4 Optimization of pipeline and/or powerline route

The AC intd
between a |
achieved by

This requirg
minimize en

9.2.5 Pow

The geomet
effect on thg
line or pipel

9.3 Oper
9.3.1 Ear

9.3.1.1 Gg
Mitigating t

Usually, hor
system to U
system shoy
criteria for

configuratid

9.3.1.2 Di

Direct conn
system is m
connection.

rference situation on a pipeline mainly depends on the proximity and parallel ro
ipeline and high voltage power lines. A mitigating effect on the AC voltage status cg
increasing the distances between the pipeline and powerline routes.

ement often contradicts with the general obligation of joint common “enexgy corridoj
vironmental impacts.

rer line or pipeline construction

Fic arrangement of phase conductors or an earthing wire on{power line towers will ha
magnitude of the induced voltage on the pipeline and nee@ds)to be considered during p
ine construction.

htion measures
thing

tneral

zontally installed or vertically installed earthing systems are used. The decision on
se depends on the local(spil resistivities and the local access conditions. The ear
1d have sufficiently lowienough impedance to achieve the required AC corrosion prote
nduced voltage. Typically, the impedance will need to be less than 10 Q, although ty
ns require signifieantly lower values of impedance.

rect earthing

bction ofiearthing systems to the pipeline is not recommended, particularly if the ear
ade, af-copper but also zinc or magnesium. The following are the disadvantages of d

iting
n be

ve an
pwer

he interference situation by installing earthing systems is a most commonly used method.

rhich
thing
ction
pical

thing
irect

protective pipeline cathodic protection current demand.

The off-

potential measurement readings can be misleading.

An increased demand on the cathodic protection system has to be considered in addition to the

Cathodic protection effectiveness can be compromised. If this is the case, particular attention

should be paid to detrimental galvanic cells (e.g. an earthing system made of copper connected to
the pipeline system).

When magnesium electrodes are used to discharge AC, they might have a short life.

There is a tendency for zinc or galvanised steel wires in soil used as earthing system to become

more anodic with time. Thus, the earthing system can consume more cathodic protection current
with time, which will be detrimental to the pipeline corrosion protection system.

14
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Due to the application of cathodic protection current, direct earthing system might be covered
by a calcareous layer, which can have, with time, an adverse effect on its effectiveness to mitigate
AC corrosion.

9.3.1.3 Indirect earthing of the pipeline via DC decoupling devices

To avoid disadvantages due to direct bonding, earthing systems are commonly not directly bonded to
the pipeline but connected via decoupling devices, which provide an electrical path for the AC current
from the pipeline to earth while simultaneously blocking DC current.

The DC decoupling devices should not interfere with the normal cathodic protection system operation

as w
the p

The
detel

The
elect
for sj

Annd

9.3.1

Ifiti
deco

This
thersg
9.3.2
Adju

risk
folloy

q

q

9.3.3
The |

in Clause 7 (J, . /J4:&95);

Clause 7 (J4on <1 A/m?).

EIT as the monitoring of the cathodic protection effectiveness and the touch voltage p
ipeline.

DC leakage current for the selected decoupling devices should be taken into. corside
'mining the cathodic protection current demand for the pipeline to be cathddically prd

most common device used for this is an electrolytic capacitor. It can be equipped
ronic devices (in parallel or in series) for safety reasons, for protecting it from surge
pecific applications.

x | gives information to assist in the selection of the correctdevice to install.

4 AC compensation method

5 not possible to achieve a low resistance earth or if the AC voltage is not sufficiently
Lpling device can be replaced by an AC compensation device.

device compensates the AC voltage by impg@sing a counter phase AC current on the |
by, generating an artificially zero resistance earth.

Adjustment of cathodic protection level

stment of the cathodic protection’level is a method that can be used to mitigate the 4
bn pipeline by meeting the criteria defined in Clause 7. The adjustment can consist of
ving:

ontrolling the cathodig protection level towards a more negative level to meet the crite

ontrolling the‘cathodic protection level towards less negative level to meet the criterig

Repair of coating defects

AC-corrosion likelihood exists on interfered pipelines especially for small sized coatiry

Fotection on
ration when

tected.

with other
current and

owered, the

ipeline and,

\C corrosion
cither of the

rion defined

n defined in

1g defects in

low resistivity soils (e.g. [ower than 25 ).m). Those sections with coating defects can be surveyed with
suitable measurement techniques as described in EN 13509.

In order to obtain sufficient resolution, the measurement setup should be optimized (increased voltage
used for detection and increased resolution of the voltmeter) according to the conditions of the pipeline
(depth, severity of coating defect).

If an unacceptable AC corrosion risk exists on a section of a pipeline despite all the mitigation measures,
all coating defects should be excavated and repaired. This is only economically feasible for well-coated
pipelines.

This method should be combined by measurements on the pipeline to evaluate the AC corrosion risk.
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A repetition of the measurements to establish a defect-free coating condition might be necessary on a

regular basi

10 Comm

S.

issioning

10.1 Commissioning

Although AC mitigation systems are not cathodic protection systems, they should be generally

commission

ed in the same manner as cathodic protection systems as detailed in ISO 15589-1.

[t is possibl
these might
hazardous.
(see, e.g., EN

10.2 Prelil

10.2.1 Gern|
Ensure that

Before any 1
out at varid
include the
areas thata
adversely w
current and
(at least 24
should be sy

The followiy

design ¢

resi

— pip

installa

fun

if sy

cathodic protéction transformer-rectifier settings (if an impressed current system is used

that there will be AC VoItages at test tacilities and exposed Sections of pipeline and,
not be a hazard in themselves, they could cause an involuntary reaction that eou
bafety precautions shall be taken if there is any risk of unacceptable levels of toueh potg
50443).

minary checking

eral
appropriate safety precautions are in place.

hitigation devices are connected to the pipeline, a series ¢f measurements should be ca
us locations to establish the existing levels of AC interferences. Selected locations
areas known to experience high levels of interference (see Clause 7) and should in
e not considered to suffer from high levels of interférence. Interference levels could ch
hen the mitigation measures are applied. A data logger system is recommended for vol
potential measurements because they sheuld be made over a sufficient period of
h) to accommodate diurnal variations and the measurements made at different loca
nchronised.

hecks:

stance to earth of the installed earthing system;

P to soil AC voltage and)on-potentials at selected locations;
Fion checks (before having connected any earthing systems):

Ctionality of the mitigation devices;

1g measurements should be made-and compared with the design or performance valugs:

while
d be
ntial

rried
shall
rlude
ange
tage,
time
kions

wn

);

itable probes and coupons have been installed, then the following additional measure

can

bhe‘made:

IlllentS

— commis

corrosion rate;

spread resistance;

coupon on- and off-potential and current;
coupon AC voltage and current;

sioning checks (after having connected any earthing systems):

— pipe to soil AC voltage and on- and off-potentials at selected locations;
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can be made:

corrosion rate;

— coupon on- and off-potential and current.

2 Coupon AC voltage and current startup

if suitable probes and coupons have been installed, then the following additional measurements

The startup should be carried out accordingly as below, unless the requirements given in EN 50443 are
exceeded with mitigation devices disconnected.

q

q

Conn
othe

10.2

The
Clau
madg{

Mea{
is sy
Thes
stati
the p

A co
detel

Addi
corr
Ssyste

10.2

After
infor

q

[arry out the datalogging and measurement procedures during the installation and €or
hecks before commencing any startup procedures.

[heck touch potentials by measurement. If there are unacceptable levels of‘touch po
uitable precautions shall be taken (see EN 50443).

ect the mitigation device to the earthing system via the pre-arranged-corninection, then
" terminal of the mitigation device to the pipeline. Repeat this procedure for all mitigat

3 Verification of effectiveness

bffectiveness of the mitigation system can be demonstfated by showing that criteri
be 7 are achieved. The same measurements as those conducted during commissioning
 (see 10.2.2).

urements should be performed on pipelines or Sections of them where unacceptable |
spected or can be expected based on map;@bservation, calculation or routine me
e measurements should be performed, in_the first instance, at all test points, cathodi
bns, insulating joints and casings, and wherever an accessible measurement cable is g
ipeline or section.

ipon or probe could be used at the areas identified as being at a high risk of AC
'mine the current density and/or the corrosion rate (see 8.4).

fionally, the effectiveness_of the mitigation system can also be determined by a i
sion rate, since this accurately represents the total effectiveness of the applied cathodi
m as well as the AG-mitigation system.

4 Installation and commissioning documents

the complétion of the commissioning checks, a file of documents shall be prepared. T
mation-should be provided:

1s-built drawings of the installation;

nmissioning

tential, then

connect the
ion devices.

h defined in
can also be

\C influence
hsurements.
C protection
onnected to

rorrosion to

eduction in
C protection

he following

design documentation, which should include the detailed specification of any devices installed;
results of data logging and potential measurements before the connection of the mitigation system;
results of data logging and potential measurements after the connection of the mitigation system;

recommendations for long-term monitoring of the induced AC levels and their impact on the external

corrosion of the pipeline (this can include remote monitoring and coating defect surveys);

an operation and maintenance manual.

These documents should be retained by the pipeline operator or the responsible body for the integrity
of the pipeline system.
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11 Monitoring and maintenance

AC measurements and controls should be integrated into the routine monitoring of cathodic protection
systems and included in the maintenance procedures.

In the areas where the interference from AC systems is known, the maintenance procedures should
include:

measurements of AC voltage;

measurements of on-potential;

measur
AC and
measur
measur

measur

Measureme
frequencies
on a pipelinfe with an AC voltage, the operator shall pay special atfention to the frequency at which
measureme

18

bments of on-potential and/or off-potential and AC voltage on coupons or probes;
DC current densities on coupons or probes;

bments of corrosion rate on probes;

bments of AC and DC current on existing DC decoupling devices through all'earthing systems;
ements of the ER of the earthing systems.

hts shall be made in accordance with Clause 8 and on selected test points. Measurement
shall be in accordance with those given in ISO 15589-1,-A§ the corrosion risk is higher

hts are taken and how the measurements are performed,
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Annex A
(informative)

Simplified description of the AC corrosion phenomenon

Cathodically protected pipeline

The
cont
by rd
cath

A2

A2,

Whe
met3
the i
surfa
Duri
is su
therg

The
of hy
and

pipeliine steel can result in the formation of an oxide film. In contrast, current entering the 1y

can 1
and
half ¥

Emp
AC c
incre
elect
ACa
in th

athodic protection of pipelines forces current to enter the pipeline through the met
ict with soil where the coating is damaged. This current prevents corrosion~{rom {

dic current results in the increase of the alkalinity on the steel surface.

Cathodically protected pipeline with AC voltage

| Description of the phenomena

h an AC voltage is present on a cathodically protected-pipeline, current will flow
| surface at defects in the coating. The amount of current flowing depends on the AC
mpedance of the system. During the cathodic half wave, the amount of current enter
ce and, therefore, the rate of the cathodic reactions on the metal surface generall
hg the anodic half wave of the AC voltage, the current will leave the metal surface if th
ficiently large. A current leaving the metal sutface is associated with oxidation reacti
fore, cause corrosion.

current leaving the metal surface can“cause charging of the double layer capacitand
pxidation of the pipeline steel. If the pH-value is sufficiently high (above 10), this oxig

esult in the charging of thesdouble layer capacitance, reduction of oxygen, formation
reduction of oxidized corrosion products. Furthermore, the oxide film formed durin
vave can at least partly be electrochemically reduced.

rically it has been ebserved that both very high and very low DC current densities
brrosion. In the,ease of very high DC current densities, this effect can be associat

rochemical\reduction reactions taking place on the steel surface. These effects result
nd DC current densities, larger charges passed during the anodic and cathodic half w
b solubility of oxidation products of iron and their oxidation state.

A vel

h] surface in
aking place

moving oxygen from soil and eliminating potential differences along the pipeline. Moreover, the

through the
voltage and
ng the steel
y increases.
e AC voltage
bns and can,

e, oxidation

drogen where present and corrosionproducts (e.g. reduced by the cathodic protection current),

lation of the
etal surface
of hydrogen
b the anodic

can prevent
ed with the

ase of the pH atthe steel surface, the resulting decrease of the spread resistance and the increased

n increased
ve, changes

'v-simplified description of the process taking place during AC corrosion is shown in

Figure A.1.

During the anodic half wave, the bare metal surface is oxidized resulting in the formation of an oxide
film. This is due to the current that leaves the metal surface. During the negative half wave, when
the current enters the metal surface, this oxide film is reduced and, therefore, converted into a non-
protective rust layer. In the following anodic cycle, a new oxide film grows. Upon reduction of the
oxide film, the amount of rust is increased. If this process results in the formation and dissolution of a
single oxide layer during every anodic half wave, corrosion rates in the range of 100 mm/year would be
obtained. Since such high corrosion rates were only achieved under extreme laboratory conditions, it
can be concluded that the formation and/or reduction of the oxide film is, in most cases, only partially
taking place.
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Figure A.1 — Graph of cathodic protection current with AC influence —
chematic description of the AC corrosion process with cathodic protection

uction of the AC corrosion rate

s concept, it is possible to discuss.séveral empirical observations. The most efficient W
LC corrosion is the limitation of ‘AC current density. If this is not possible, other mitig
ve to be addressed. The AC cerrosion process only takes place if the oxide film is formg
and dissolved (at least partly). If the formation of an oxide film is prevented by suffici
F'rent densities at sufficiently low AC current densities, AC corrosion can be stoj
[ corrosion can be stopped if the cathodic reduction (dissolution) of the once-formed
nted. This is possible by sufficiently limiting the cathodic current density. Additionall
C corrosion raté-at'low DC current densities could be a result of the lower pH-value 3
e and the highey spread resistance of the metal surface.

his has-te be taken into account in the discussion of threshold values since there are
lly.different concepts of prevention of AC corrosion. The concept allows the explan

ay of
htion
d (at
ently
bped.
bxide
7 the
t the

is consideration, it is clear that both high and low DC current densities can prevemnt AC

two
htion

hnee of the various thresholds, such as the existence of a critical ratio between AC an

d DC

current den31ty and of a critical AC current density.
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Coupons and probes

B.1 Use and sizes of coupons and probes

B.1.1 Use of coupons or probes

AC vpltage on a pipeline can cause corrosion in normal operating conditions of the:AC sofirce (power
line ¢r railway line). This AC voltage may be induced or flowed on the pipeline from AC power sources.
The AC corrosion risk can be evaluated by measurements on coupons or probes installed on fhe pipeline.
They| can be installed permanently or temporarily. So, measurements made’with coupons of probes can
be cqmpared to criteria defined in this document.

The AC corrosion risk can also be evaluated by corrosion rate fmeasurements on couponfs or probes.
The ¢orrosion rate can be measured by the ER probe technique'oy by visible corrosion on a [removable”
coupon, which is buried near the pipeline. This last kind of coupon is usually used when othef techniques
do n¢t provide results that can be compared to the criteria.

B.1.2 Sizes of coupons or probes

Most of the time, AC corrosion is observed on pip€lines with an efficient coating with only small coating
defeqts.

At a given potential, current density (AC and DC) is higher on small coating defects. For thiq reason, it is
prefgrable to use small surface area ¢oupons or probes to perform AC measurements (e.g. f, . and I, .).
AC cpirrent density studies and nieasurements are made with circular coupons or probeg with 1 cm?
exposed surface area. For AC interference measurements, the 1 cm? surface area has been gdopted as a
universal standard.

B.2 | Installation @f ‘buried coupons and probes

B.2.1 General

This|subclause gives a typical procedure for the installation of coupons or probes by an augering
techTique.

B.2.2 Before installing the coupon or probe

Locate and identify all buried structures including piping, tanks and cables prior to the installation
of any coupons or probes. Select a point to auger, while taking proper precautions not to damage
the coating or structure when auguring. Preferably, the backfill zone should be known in advance
(see Figure B.1). Make a mark (e.g. on the test post) defining a depth of zero.

Drill a hole using an auger (or an equivalent method) preferably to the pipe invert level to install a
coupon or probe. The hole should be installed about 20 cm from the pipeline. While collecting the soil,
record the nature of any different soil layer/types (top layers, middle layers, bottom layers, etc.) in order
to be able to relocate the soil profile upon completion of the hole. It is of particular importance to refill
the bottom layer soil that would be present around the pipeline when the coupon or probe is installed.
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Figure B.1 — Drilled hole next to a pipeline
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r a characterization of the soilctype, it is advisable to use some of the excavated sgil to

perform soil resistivity testing in a soil box, to determine the soil moisture content, to conduft an

acid droplet
detailed soil

B.2.3 Inst

analysis can be conducted.in a laboratory.

allation of the buried coupon or probe

test for the presence of caleiim carbonate or to obtain a sample for further analysis| The

Push the colipon or probe dnte’position. If the soil is soft/sandy, push the coupon or probe an additjional

step down
compacts arj

If the soil is
depth and f

through theddndisturbed native soil/backfill. In this case, the soil usually fills ouf and
ound the-equpon or probe and provides a good electrical connection.

hardes.it might be necessary to sample an amount of soil from the desired coupon or grobe
rm a “cake” around the artificial coating defect of the coupon or probe, mixed with a $mall

quantity of distilled water prior to positioning in the soil

Fill back the soil in the drilled hole in the same manner as it was uncovered and compact each small
amount of backfill. Arrange the coupon or probe test leads in the test post (see Figure B.2). Preferably,
the coupon or probe should be equipped with a double-wired connection. One connection between
the coupon or probe and the pipe is essential to carry out measurements. A second connection makes
measurements easier and more reliable.
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Figure B.2 — Coupon or probe positionednext to the pipeline and connected through a test post

B.3 | ER probes principles

B.3.1 Assessment of the-corrosion using the ER probe technique

B.3.1.1 General théory

The ER probe technique can be applied for corrosion rate assessment as an alternative t¢ the weight
loss foupon. Unlike the weight loss coupon, the ER probe technique does not require exdavation and
weighing preeédures, since a mass loss is assessed by electronic means.

Othefr (probe electrical characteristics, such as AC current density, DC current densjity, leakage

resici‘ﬁhnn ate araalcamancuirad on FD nerahaoc ~c daceribhad in Clanica Q
SteaheeeterarearSeReaSUrea ol Pprones5asSaesSehnea i =adSe-o6-

The ER technique measures the change of the resistance of a metal element formed as a coupon. When
the metal element suffers metal loss due to corrosion, the ER of the element will increase. Since the
resistance of the element also changes due to temperature variations, a second element, which is coated
in order to protect it from corrosion, is utilized for temperature compensation. The element exposed to
the corrosive environment constitutes the coupon part of the element, whereas the element protected
from corrosion by the coating constitutes a reference element (see Figure B.3). The two are thermally
connected in order to efficiently equalize any temperature difference between the two elements.

The resistance values of the two individual elements are usually measured by passing an excitation
current through the elements and measuring the voltage generated over the element length caused to
the excitation current.
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Figureg B.3 — Principle of ER probe with excitation current and voltage measurements

ecific recommendation for ER probe

level of AC current can pass through the coupon element, local heating of the coupon
element compared with the reference element could be expected. For this reason, ER probes should
be disconnected from the pipeline and left in an open cireuit condition for a short period of time |until
thermal eqyilibrium is reached before the ER measurement is made. This will ensure the best pogsible
assessment jof the element thickness.

B.3.2 ER probe application in the field

When usin
DC current
These indic
A typical Al
time (usual

an ER probe, a range of informative indicators (on-potential and/or off-potential, the
ensity, the AC current density*and the spread resistance) can be monitored simultanegusly.
tors give valuable information on any cause of corrosion; in the present case, AC corrdsion.
corrosion scenario jinvelves a condition of decrease in the spread resistance throughout
caused by a highdevel of DC current density), which, in combination with a sufficient AC
tes increasing high{evels of AC current density. Eventually, the corrosion rate will incfease
lues that are typically significantly higher than 0,01 mm per year.

ncept, a pipeline system that is in actual danger of AC corrosion can typically reveal spikes
in the ER prjobe corrosion rates due to changes in the electrical condition. In this manner, by cargfully
analysing the eléctrical parameters causing such spikes, the threshold values for corrosion cgn be

deduced and built into the record kept for a particular location, based on the threshold corrosion rate
and the thrdshgld prnfnr‘finh pnfnnfia]c defined in ISQ 15589.1

The above concept is also applicable for other types of corrosion (e.g. corrosion caused by DC stray
current) and makes it a versatile tool.

B.4 Perforation probes

A perforation probe can be used instead of a conventional coupon. The levels of AC and DC interference
and the current density can be measured. Additionally, the time when a critical predetermined
corrosion depth is reached can readily be determined. Hence, the efficiency of the measures taken to
decrease the AC corrosion rate can be verified in the field.

The probe consists of a thin steel plate with a thickness in the range of (0,1 to 1) mm and an internal
electrode. The thin steel plate is on one side in contact with the soil and on the other side with an

24 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=99c26a4ffa598c022bbb2ec87ed8ec81

ISO 18086:2019(E)

insulator separating the internal electrode and the steel plate. When corrosion perforates this steel
plate, humidity will penetrate into the gas-tight coupon and form a conductive electrolyte between
the electrode and the thin steel plate. By a simple resistance measurement between the electrode
and the thin plate, the perforation of the coupon can be detected by means of conventional resistance
measurement devices. As a consequence, the monitoring of the perforation probe can be readily
integrated into a conventional inspection routine or monitored over time. The key advantage is the
simple handling and especially the information about the corrosion depth. Hence, information about
the depth of the corrosion is provided independent on corroding surface. This is especially important in
cases of very local corrosion that penetrates rapidly but with little mass loss.

The main application purpose is to ensure that the threshold values for the current density are met.
Sincemmmem density
can he underestimated in the case of the formation of chalk layers on the probe surface. Therefore, the
perfgration probes provide an additional safety level by giving an alarm value. It is the.only|coupon that
provjdes information on corrosion depth even in the case of very local corrosion attack.
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Coulometric oxidation

The cathodic protection current results in an increased pH value and in an electrochemical reduction
of some of the corrosion products formed on the steel surface from Fe3* to Fe*. The overall content of

iron ions ac
the corrosid

to the amoujnt of the corrosion product formed over time. The coulometric oxidation can beperfo

with all typ
pipeline.
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resulting pq
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required to
on the coup
is obtained.
that occurrd
repeated co
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reduce the d

rumulated due to corrosion can be estimated by electrochemical oxidation of Fe* to-F¢
n products. As a consequence, the amount of charge required for oxidation is propert

es of coupons or probes installed in the field and connected to a cathodically prots

the coupon or probe from the pipeline, a constant anodic current can be applied an
tential can be recorded. The ohmic potential drop can be numerieally corrected o
can be determined by periodically interrupting the current flow:"The amount of c}
polarize the coupon or probe to 0 V against the CSE is used for estimating the masg
on or probe. By multiplying the charge in Coulombs with{@,013, the mass loss in g
The advantage of the technique is the possibility of determining the extent of corr

llometric oxidation. The results of the measurements’are only reliable if all the corr
b electrochemically accessible and if the cathodic protection current is sufficiently hi
orrosion products.
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d in the past. Moreover, the further increase in corrosioh can be determined by means of
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Influence of soil characteristics on the AC corrosion process

Influence of electrical parameters

AC current density at a coating defect is essentially determined by the induced A€ V¢

ltage on the

pipeline and the coating fault resistance. Generally, a low coating fault resistance is observed in soil with

low {

D.2

The
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isab
by t
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envil

The q
incrg
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pecific electrical resistivity resulting in a higher AC corrosion likelihood for a-given A

Influence of the electrochemical process

specific local soil resistivity is controlled by the amount of soluble salts and the s
ent. Therefore, significant differences in the coating fault resistafice can be observed if]
bve or below the water table level. Additionally, the coating{ault resistance is strongl
e electrochemical processes taking place on the bare ihetal surface, due to the aj
dic protection current.

electrochemical reduction of oxygen or the evolution of hydrogen results in an inc
hlue on the metal surface. Typically, the pH valuée\is above 11 and can reach values o
bly even higher in extreme cases.

Influence of alkaline ions and.cations

cathodic protection current results’in a migration of cations to the metal at the c
h interact with the locally increaséd pH value. Depending on the soil composition, the
tance can either increase oridecrease over time. Indeed, the following modification
onment can appear according to the increase of the pH value (i.e. formation of NaOH o

parth alkaline ions Ca%f and Mg2* form hydroxides that exhibit a relatively low solubil
ase of the pH, theif-precipitation will take place near any coating holiday. The react
pxides with the €@, present in the soil results in the formation of calcareous deposit
reous depositiis formed directly on the metal surface at the holiday, the coating fau
ignificantly. ificrease several orders of magnitude.

Whi
Lit r
resis
the

the earth alkaline ions generally increase pore resistance, the alkaline cations
sult ir the formation of highly soluble hygroscopic hydroxides. As a consequence, 3

[ voltage.

bil moisture
the pipeline
y influenced
plication of

rease of the
fup to 14 or

bating fault,
roating fault
s of the soil
r CaCO5).

ty. With the
ion of these
s. If a dense
t resistance

Na*, K* and
low spread
an decrease

ance due to the attracted water and high ion concentration is observed. This process g

The current density on the metal at a coating fault of a given geometry is, therefore, dependent on the
electrical conductivity and the ratio of alkali and earth alkali ions. Moreover, the cathodic current
density influences the amount of hydroxide produced and affects, therefore, the local conductivity.
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Other criteria that have been used in the presence of AC influence

E.1 General

The criteria
operators. 1|
this annex f

AC values ay

E.2 On-potential approach

E.2.1 Gen

The on-pote
voltage is deg
the cathodic
on the drivi

The conside
concept for |

For technic
likelihood o

E.2.2 Mol

A negative g
composition
corrosion c
oxidation d
potential is
can be indic

E.2.3 Les

presented in this annex, though not widely used, have been successfully appliedby

br the sake of completeness.

e rms ones. Current densities are measured on a 1 cm? circular coupon @rprobe.

eral

ntial and the IR-free potentials control the level of cathodi€ protection applied as the dr
fined by the difference between the on-potential and the /R-free potentials. The intens
protection current able to reach and polarize the steel surface at a coating defect dep
g potential and on the total circuit resistance a¢cording to Ohm'’s law.

ation of the corrosion likelihood based on thie on-potential is only possible when the cH
AC corrosion prevention is known.

hl papers related to protection andlmitigation measures associated with AC corr
h cathodically protected pipelines;see References [4], [5] and [6].

‘e negative (E,,) cathodicprotection level

and spread resistafice, and an increased reduction of oxide layers (see Annex Al
hn be prevented when applying a sufficiently negative on-potential to avoid any
e to the presehce of AC interference. As a consequence, the required level of th
ated in thetpresence of DC stray current interference on the pipeline.

5 negative (E,) cathodic protection level

pome

hey have defined them either by field and/or laboratory experiments. They are-in¢luded in

iving
ty of
ends

osen

hsion

n-potential can result in high cathodic current density, a strong change in the soil chemical

). AC
netal
b on-

related to the‘induced AC voltage on the pipeline. The use of more negative on-potentials

A relatively

positive on-potential has only a limited effect on spread resistance. While havin

g no

adverse effect on the coating adhesion and resulting in a low hydrogen evolution rate, it can result in
insufficient cathodic protection in accordance with the limiting critical potential criteria indicated in
ISO 15589-1. The primary advantage of a more positive on-potential is the generally higher acceptable
AC voltages. When choosing an AC corrosion prevention system based on a less negative E_, cathodic
protection level, it might be necessary to install additional cathodic protection stations. Since current
flow due to the on-potential depends on the level of the off-potential and also on soil resistivity and
defect geometry, it is difficult to judge the AC corrosion likelihood based on the on-potential alone in
the case of less negative cathodic protection levels. However, applying an on-potential criterion that is
as positive as possible, while still maintaining the off-potentials given in ISO 15589-1, will result in a
decreased AC corrosion likelihood.
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E.2.4 Criteria

The criteria as defined in ISO 15589-1 should be respected.

Theoretical and practical experiences have shown that the following two methods can be used to solve
AC influence problems against steel corrosion.

— First scenario: “more negative” cathodic protection level. In this case, one of the three parameters
below, in order of priority, can be applied:

]

q

q

— the following formula should be satisfied: —2¢—<3;
[Fon |~ 14
NOTE -1,2 V against the CSE is the limiting critical potential (see ISO 15589-1)./Ch0osing a more
positive value would create a less conservative result in the calculated ratio for'given|U, . and E_,
values.
— AC current density < 30 A/m?;
J
—2& < 3 if AC current density > 30 A/mZ2,
d.c.
n this case, it is important to ensure that there is no corrosiofirisk due to cathodic disbondment
dnd no adverse effect from hydrogen evolution.
$econd scenario: “less negative” cathodic protection level. In this case, one of three|parameters
Ibelow, in order of priority, can be used:
Uy c. average < 15 Vif the average E, is more positive than -1,2 V against the CSE;
— average AC current density < 30 A/m?;
— cathodic protection average currentdensity < 1 A/m? if AC average current density > 30 A/m?2.

The 4
same
ales

Figu
ACc

\C voltage and DC potential should\bé determined with the same reference electrode placed at the

location. The electrode is preferably positioned at remote earth. If this is not possible,
s reliable judgement of the AG.corrosion risk.

Fes E.1 and E.2 illustrate limits for scenarios for different AC and DC current densities

it will cause

in terms of

rrosion likelihood, and also for on-potential and AC voltage in terms of AC corrosion likelihood.
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