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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD IS0 22426:2020(E)

Assessment of the effectiveness of cathodic protection
based on coupon measurements

1 Scope

This document specifies requirements for the design, installation, positioning, sizing, use and
mainterrarce of Toupons for the asSessernt ot tie effectiveness of cathiodic protection {€P) of buried
and immersed metallic structures, such as pipelines, in the case of normal operation asywgll as AC and
DC interference conditions.

2 Normative references

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

ISO 15589-1, Petroleum, petrochemical and natural gas industries — Cathodic protection of pipeline
systems — Part 1: On-land pipelines

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

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd IEC maintain terminological databases for use in standardization at the following dddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available-athttp://www.electropedia.org/

31
complex structure
systém comprising the structure (3.13) to be protected connected to one or more foreigh electrodes
and/pr crossing multiple connected electrodes or passing close or through steel-reinforced| concrete

3.2
electrolyte
medjum inwhich an electric current is transported by ions

Note [l ta’entry: Electrolyte is synonymous with soil, backfill and water

3.3
polarization
change of an electrode [e.g. structure (3.13) and/or coupon (3.14)] potential caused by current flow

Note 1 to entry: Current flow results in concentration polarization (3.4) and activation polarization (3.5).

3.4

concentration polarization

portion of an electrode [structure (3.13) and/or coupon (3.14) polarization (3.3)] produced by electrolyte
concentration changes resulting from the passage of a current through an electrolyte (3.2)

© IS0 2020 - All rights reserved 1
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3.5
activation polarization
change of an electrode [e.g. structure (3.13) and/or coupon (3.14)] potential due to charge transfer

3.6

depolarization

loss of polarization (3.3) of an electrode [e.g. structure (3.13) and/or coupon (3.14)] potential subsequent
to current interruption

Note 1 to entry: Loss of concentration polarization (3.4) of an electrode (e.g. structure or coupon) is > 1072 s up
to seconds, hours or days. Only a small fraction of concentration polarization is usually lost within 0,1 s after
current interrnpfinn inmost cases The time constant for hni]r‘]_np and dppn]nri7nfinn of gactivation pnlnri'ation
(3.5) of an el¢ctrode is from 10~4 s to 10-3 s. Therefore, usually all activation polarization is lost within QI gafter
current interfuption.

3.7

IR drop
voltage, du¢ to any current, developed in an electrolyte (3.2) such as soil, between the reference
electrode and the metal of the structure (3.13), in accordance with Ohm’s Law (U~=1% R)

3.8
IR-free potential
EIR free
electrode [elg. coupon (3.14)] to electrolyte (3.2) potential measuredwithout the voltage error cqused
by the IR drop (3.7) due to the protection current or any other current

3.9
instant-off potential
Eof
electrode [e|g. structure (3.13) and/or coupon (3.14)] to'electrolyte (3.2) potential measured very quickly
(typically <|0,3 s) after an interruption of all sources of applied cathodic protection current with the
aim of appr¢aching an IR-free potential (3.8)

Note 1 to enfry: The delay between the currentinterruption and measurement will affect the measured [value
and whetherthere is a decay of concentration polarization (3.4) and/or activation polarization (3.5).

3.10
on-potentigl
EOH

electrode [elg. structure (3.13)-dnd/or coupon (3.14)] to electrolyte (3.2) potential measured whilg the
cathodic prgtection system-is’énergized

3.11
over-polarization
over-protec¢tion
achievement ofthe structure (3.13) to electrolyte (3.2) potentials that are more negative than reqyiired
for the contyolof corrosion and that can damage coatings, increase AC corrosion rate or, particularly for
high yield strength steels, enhance the tendency to crack

3.12

spread resistance

ohmic resistance through a coating defect or coupon (3.14) to remote earth or from the exposed metallic
surface of a coupon towards earth

Note 1 to entry: This is the resistance that controls the DC or AC current through a coating defect or an exposed
metallic surface of a coupon for a given DC on-potential (3.10) or AC voltage. It comprises the metal resistance,
the polarization resistance and the resistance within the coating defect as well as the contribution of the earth
resistance.
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3.13
structure
metallic structure intended to receive cathodic protection

3.14

coupon

metal sample of defined dimensions and shape made of a metal equivalent to the metal of the
structure (3.13)

Note 1 to entry: For the purpose of this document, the coupon is connected to the external surface of, and
immersed in the electrolyte (3.2) adjacent to, the structure being protected by cathodic protection.

Note

consi
to ref

P to entry: Special kinds of probes (3.15) and coupons (examples of which are given in the amm
dered part of the coupon definition (hence covered by this document) to the extent that.they|
lect structure coating defects, and thus act as a representative metal sample used to quantify

bxes) are also
are intended
the extent of

corrgsion or the effectiveness of applied cathodic protection.

3.15
prob
devig
effec

e
e incorporating a coupon (3.14) that provides measurements-of parameters to
tiveness of cathodic protection

assess the

Note [l to entry: In this document, the term “coupon” is used as a synonyzm for both coupons and pragbes.

3.16
elect
ERp
devi
piecd

rical resistance probe

robe

e that provides measurements of metal loss by, eomparison of the calibrated resistan
of metal with known physical characteristics

re value of a

Note [l to entry: Refer to Annex A for information on\ER probes.

3.17
stray
curr

y current
ent flowing through paths other'than the intended circuits

[SOURCE: ISO 8044:2020, 4.14,medified — “corrosion” has been deleted from the end of the term, and
“impjressed current corrosion caused by” has been deleted from the start of the definition.]

4
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Assessment of CP effectiveness

pssessment Of-the effectiveness of CP in accordance with ISO 15589-1 is based op an IR-free
htial measurement. The determination of the IR-free potential on the cathodically protected
ture ishonly possible based on combined direct current voltage gradient and close-interval
tial survey measurements. This method is called “intensive measurement” and is described in
EN 1[3509. This method requires, however, significant measurable voltage gradients ass¢ciated with
individual r‘n:\fing defects in order to allow for a reliable assessment of their IR-free P tential and
demonstrating conformity to ISO 15589-1. As a consequence, the determination of IR-free potential and
demonstrating conformity to ISO 15589-1 is no longer possible on today’s structures with high-quality
coating systems. While it is still possible to determine instant-off potentials on many structures and
use this reading as an approximation to the IR-free potential in certain cases, the increasing level of
AC interference is preventing the separation of the earthing systems connected through decoupling
devices from the cathodically protected structures for safety reasons. Similarly, in the presence of
DC interference conditions, the determination of both IR-free potentials and instant-off potentials is
not possible. As a consequence, on an increasing number of structures neither IR-free potentials nor
instant-off potentials can be determined in order to demonstrate conformity to ISO 15589-1. The only
remaining technology for demonstrating effectiveness is the use of coupons that are connected to the
structure under investigation. The use of coupons is further required by ISO 18086. The determination
of the effectiveness of CP under AC interference is only possible based on a current density measurement

© IS0 2020 - All rights reserved
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on coupons. The validity and accuracy of data obtained on coupons depend on a number of factors, such
as location, geometry and bedding conditions. This document provides guidance on these aspects.

5 Application principles

5.1 IR-free potential measurements

The traditional coupon measurement technique has been used to demonstrate conformity of the coupon
polarization, which is taken to be representative of the structure coating defects in accordance with
the requirements of ISO 15589-1. There are several situations where the use of coupons is a feasible
alternative fo IR-free potential measurements directly on the structure. In particular, when aectyirate
measuremehts directly on the structure itself are problematic. Examples include:

— in areaq affected by traction stray currents and telluric currents;
— when d¢aling with the CP of complex structures;

— interferfence caused by two or more cathodically protected structures crossing or sharing the fame
right-offway;

— interference between both parts of an isolating joint for a structure-pretected by two different CP
systemg one on each side of the joint;

— effects from equalizing currents from adjacent coating defects: the coupon may be regarded as
one single coating defect exposed in the chemistry of the seiVexactly where the coupon has|been
buried, whereas measurements on the structure may inclitde a range of coating defects exposed in
varying individual soil chemistries leading to the formation of potential differences and varying
current/demand;

— in area§ where the CP is applied using several-CP sources, and it is not possible or economically
practicgl to synchronously turn off these CP.sources.

EN 13509, E[N 50162, ISO 18086 and ISO 15589-1 allow for the use of coupons in such instances.

5.2 DC and AC currents and current densities

The use of cpupons allows for an assessment of current densities in order to demonstrate conformjty to
[SO 18086 and EN 50162.

The DC curfent consumed by a coupon is primarily used for assessing the significance of DC ptray
current intgrference. EN/50162 describes a procedure for the demonstration of effectiveness ¢f CP
based on cufrent density. This involves measuring the DC current throughout a period of typically|24 h.
From these [measuremnients, a period is defined in which no interference is present (e.g. hours dyring
the night whentraihs do not operate). This period is used as the reference value and the measure of
the referendeccurrent under normal CP. Based on the analysis of these currents, an assessment qf the

s £ D 1 | nValt] c : c 1
effectivene or Crtuhaer Dt interferencets perrormea:

Apart from the risk of corrosion due to DC stray current interference, the DC current density is also
important in the evaluation of effectiveness of CP under AC interference in accordance with ISO 18086.
Excessive cathodic DC current can produce alkalinity near a coating defect to the extent where this
electrolysis (leading to the production of current conducting OH~ ions) considerably increases the
conductivity of the soil adjacent to the coating defect, thus lowering the spread resistance of this coating
defect and increasing the corrosion rate under AC interference.

The AC current density has become a significant tool in the determination of the effectiveness of CP
under AC interference in accordance with ISO 18086. Essentially, the AC current density associated with
a coating defect with given surface is the result of the AC voltage on the structure at the position of the
coating defect divided by the spread resistance of the coating defect. As the spread resistance and the
AC current density cannot be measured directly at coating defects on structures, ISO 18086 requires
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a 1 cm? coupon for measuring the coupon current and calculating the current density for evaluation of
the effectiveness of CP under AC interference.

5.3 Spread resistance

In relation to coupons, the spread resistance is the ohmic resistance from the exposed metallic surface
of the coupon towards remote earth. This is the resistance that controls the DC or AC current through
a coating defect for a given DC or AC voltage. Determining the spread resistance on coupons allows for

assessing acceptable on-potentials (DC) and AC voltages.

5.4
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us types of coupons and probes have been designed for the purpose of quantifyiy
he corrosion rate. Examples are weight loss coupons, perforation probes and ER prol
X A for more details.

Design considerations

General
roupon design should reflect the purpose of the coupon me€asurement. The purpose mg

| detailed and comprehensive assessment of the CP effectiveness;

3n assessment of the effectiveness of CP under DC.interference;

dn assessment of the effectiveness of CP underfAC interference.

nformation obtained with coupons depends on the geometry and size of the coupon. I
sing the effectiveness of CP, the critical-aspects are associated with insufficient cathd
at case, a coupon with a design thatresults in a highest relative spread resistance, e.g
bsents a worst case. In contrast,(the' most critical conditions in the case of AC and DC

I on small coating defects withra design that results in lowest spread resistance, e.g. Fil
sequence, these influencing:parameters shall be considered. The fundamental concept
e mimicking of a coating ‘defect on the structure. These coating defects can have vaj
izes. Therefore, the coupon geometry should be adapted to an assumed coating defe
ize present on the structure. The relevant parameters are discussed in the following g

Geometry,of the defect

Case of a(Coating defect with vertical side walls is shown in Figure 1 a). This represe
e the coating was locally damaged resulting in parallel walls going through the

tance\of the electrolyte within the defect gives a contribution to the spread resistancg
homogeneous current distribution on the metal surface. This type of coupon, see Fil

g corrosion
bes. Refer to

1y be:

h the case of
dic current.

Figure 1 a),
nterference

cure 1 c). As
of a coupon
ious shapes
ct geometry
lauses.

nts the case
oating. The
and results
cure 1 a), is

least

sensitive to the total surface area in the case of large values of zZ/y. The value y represents the

diameter of the coating defect and z represents the coating thickness. The reason for this is the
parallel current distribution caused by the constrained electrical field. The calculated average current
density is identical to the current density on the edges of the coupon. This configuration represents a
conservative assessment of the effectiveness of CP, since typical coating defects do not have vertical
parallel sides and permit higher average current densities on the steel within the coating defect.

In Figure 1 c), another extreme case of a coating defect represented by a coupon is shown. In this case,
the coupon was constructed with the metal surface flush with the encapsulating coating surface. A large
increase of the current density is observed at the edges next to the coating. This edge effect can result
in alocal increase of the current density of up to a factor of 10, compared to the average current density.
This is a result of the non-parallel current distribution and the absence of a constrained electrical field.
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When high current densities are associated with high corrosion rates (in the case of DC and/or AC
interference), locally increased metal loss is observed resulting in a heterogeneous metal loss. The
corrosion rate is significantly higher with the type of coupon indicated in Figure 1 c) compared to
the one shown in Figure 1 a). The calculated average current density in Figure 1 ¢) underestimates
the maximum current densities present at the edges of the metal surface. Similarly, using probes that
permit the determination of the average metal loss underestimates the maximum corrosion rate taking
place in the case of Figure 1 c) on the edges. If the structure coating thickness is low (e.g. fusion bonded
epoxy coatings), the coupon type in Figure 1 c) is relatively representative of structure coating defects.

The case in Figure 1 a) is conservative for conventional E ¢ measurements for the assessment of the
effectiveness of CP (measured values may be less negative than in reality). In contrast, the case in
Figure 1 c) ifF conservative for AC COTTOSION INVEStIgations, SINce It results 1n the lowest possible spread
resistance and highest local current densities; the coupon geometry in Figure 1 c) will indicate‘hjgher
AC corrosion rates than expected on a coating defect of the same size on the structure.

Figure 1 b) ifllustrates a compromise that may be used in all cases based on the avoidance of excesgively
conservative data of the geometry in Figure 1 c) in the case of AC and/or DC interference. Similagly, in
the case of dn assessment of CP effectiveness, the Figure 1 a) geometry is excessively,Conservative

A A ' \

J J J

A 4
z
A

8 y X y X 72=0 y X
[e | N | | Le I
e O e
2 1 2 1 2 1
a) Cogting defect with b) Coating defect with c) Metal surface flush
vertjcal side walls angled side walls with encapsulating
coating surface
Key
1  metal pljte x  insulated coupon surface adjacent to the bare steel surface
2 coating y  coating defect diameter
] current density z  coating thickness

i L—E les of diff : 111 i

current density distribution

6.3 Dimension of the coupon base plate

The lateral dimension of the coupon non-metallic encapsulation mimicking the structure coating
is relevant for the spread resistance and correspondingly for the current density. This is because
the encapsulation (such as the coated structure) restricts the CP current flow in the electrolyte. In
Figure 1 a) to c), x represents the width of insulated coupon surface adjacent to the bare steel surface
and y represents the coating defect diameter. In the case of a defect on a structure, this width x would
correspond to the coating extending around the defect. This value is typically quite large. Detailed
analysis has shownl[®] that the effect of the width x is negligible when x is at least three times y (the
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diameter of the steel surface of the coupon). If x is smaller, the current density on the coupon will be
increased compared to that of an identical coating defect on the structure.

6.4 Surface area of the coupon

Generally, increasing the coupon size results in smaller average current density since the spread
resistance decreases linearly with increasing y and the current density decreases linearly with the
surface area (i.e. 0,25-m'y?2). As a consequence, the current density is typically underestimated when the
coupon surface area is chosen larger than the maximum defect size present on the structure. For this
reason, in the case of AC corrosion, the use of 1 cm? has been established as a standard dimension in
coupon surfaces may be indicated for investigating
the ffectlveness of CP. The size of the coupon shall be adapted to the coating defectsexpected on a
given structure. It is important to note that it is not possible to prove the effectiveness-0f €} on a poorly
coat¢d structure with large coating defects based on a measurement on a 1 cm?2 cdupon with a defect
geonpetry represented in Figure 1 c), since the current density and the polarizatieitwill be significantly
incrgased compared to the one on larger coating defects on the structure.

Whe
signi
Deps

h using a coupon for a specific application, these effects shall be taken into ac

nding on whether the coupon is used to demonstrate the effectiveness of CP, proted

interfference from DC traction systems or AC corrosion, different designs are required.

to th
with
time

e effectiveness of CP, the design should reflect the highestpdssible spread resistances
the geometry in Figure 1 a) or Figure 1 b) in conjunctionéwith a value for x that is largg
5 y. In contrast, the assessment with respect to AC andyor DC interference conditiong

count. They

[ficantly affect the spread resistance, the resulting current density~and the level of polarization.

tion against
Vith respect
as obtained
r than three
low spread

resistances are more critical corresponding to the geometry in Figure 1 c).

6.5 | Other types of coupon geometries

er, the same
bignificantly
bnsities.

The @above description highlights the effects associated with plate-shaped coupons. Howey
basiq principles apply to other geometries, such as rod-shaped coupons. Values of x that are
smaller than y will result in decreased spread resistance and typically increased current d

7 Monitoring purpose — Selection of installation sites
7.1 | General
The gelection of the installation sites shall include the following aspects:

4 detailed andycomprehensive assessment of the CP effectiveness;
dn assessmmgent of the effectiveness of CP under DC interference;

— an assessment of the effectiveness of CP under AC interference.

7.2 Detailed and comprehensive assessment of CP effectiveness

For a detailed and comprehensive assessment of CP effectiveness, the coupons may be installed in
locations along the structure that may vary in soil resistivity, soil chemistry, moisture content, current
density, coating condition and temperature. Examples of such locations are:

— the top of a dry, rocky hill;
a low-lying wet valley;
a mid-span between CP current sources;

the suction and discharge of compressor stations;

the casings.
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The coupon should be located close to the structure to ensure that the soil conditions are similar at
the coupon surface and at the nearby structure surface. The design of the coupon shall be adopted
according to the coating system and coating condition of the structure. For the CP assessment, coupons
shall be electrically connected to the structure. In order to ensure that the protection criterion is met, it
can be useful to install coupons in locations where the access of CP current could be difficult. Typically,
these are areas where the protection criterion can be difficult to obtain. Examples of such conditions
with compromised CP effectiveness are:

— in high or very low soil resistivity;

— within casings;

— in the presence of high DC stray current.

In conditions and locations where it is not possible to place coupons close to the structurefin-the same
backfill, it hay be acceptable to place coupons somewhat remote from the structurefdn a sel¢cted
backfill.

To demonstrate a detailed and comprehensive effectiveness of CP in accordance-with ISO 15589-[L, IR-
free potentipls shall be measured. This is possible based on the following requirements.

— Measurjng the off-potential immediately after disconnecting the coutpon from the strudture.
For denponstrating the effectiveness of CP, taking measurements after 0,3 s in accordance [with
ISO 15589-1. However, to minimize depolarization effects causing.the measured IR-free potgntial
to become more positive, is can be necessary to be commence* measurements within a shprter
period after the disconnection of the coupon. The measureément period shall be at least the|time
period ¢of the AC cycle measured locally on the structure@aused by various interference soyrces.
This typically corresponds to 16,7 ms in the case of 60 Hz, 20 ms in the case of 50 Hz, and 60 is in
the casg of 16,7 Hz interference. Optimum coupon IR-free potential measurements shall commence
within (,1 s after interrupting the current and shall‘measure for at least one AC cycle. This tyjpe of
measurpment allows for assessing concentrationypolarization.

— For denjonstrating the absence of over-pelarization, ISO 15589-1 requires measurements usjing a
“fast dafa logger or oscilloscope”. The data‘logger shall be sufficiently “fast” in the range of 1 s to
permit the measurements as detailed ‘above. Similarly, such a high time resolution is required for
the assdssment of the effects of AC interference on the IR-free potential. These high data acquidition
rates allow for the assessment of-concentration polarization and activation polarization. Inductance
and cappcitance of the measurement circuit needs careful evaluation to ensure plausible data i the
case of guch fast measurements. This typically includes the use of shielded cables and high predision
switching devices.

— Calculation of the IR<free potential based on the determined spread resistance and the on-poteptial.
This mefasurementaliows for an assessment of the polarization caused by concentration polarization
and actiivation‘pelarization in absence of AC interference. In the case of AC interferencd, the
assessnjent.ofthe contribution of the activation polarization requires the use of the fast-meaqured
IR-free potential.

— Placing the reference electrode very close to the coupon surface thereby minimizing contributions
of the spread resistance and stray currents in the soil to the IR-error. This allows for the direct
assessment of the IR-free potential and eliminates all contributions from other voltage gradients in
the ground caused by foreign constant and time-variant interferences.

An installation example for the assessment of the effectiveness of CP is given in B.1.

7.3 Assessment of CP effectiveness under DC interference conditions

For the evaluation of the risk of DC stray current corrosion, the coupons shall be placed at any location
where DC stray current causes inacceptable levels of interference. In the presence of stray currents
created by DC traction systems, the influences produced along the structure can significantly change
during the design life. To avoid any corrosion at cathodically protected structures caused by stray
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currents, the requirements of ISO 15589-1 and EN 50162 with respect to IR-free potentials shall be
permanently met. To demonstrate this requirement, the measurements shall be performed during a
representative period of time. The sufficient period of time shall cover all normal variations created by
time-variant DC interference. For this purpose, a data logger shall be installed for measuring IR-free
potentials according to 7.2.

Additionally, EN 50162 allows the assessment of effectiveness of CP under DC interference conditions
based on current measurements. Examples for the assessment of effectiveness of CP under DC
interference conditions are given in Annex C. An example of using coupons for mitigating DC interference
is shown in C.2.

NOT}

Assessment of CP effectiveness under AC interference conditions

7.4

For
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the evaluation of the effectiveness of CP under AC interference, the coupons shall
ever the criteria for AC corrosion likelihood are expected to be exceededsas indicated 1
pltages, low soil resistivities and possible over-polarization. The areas’with low so
more negative on-potentials result in an increased AC corrosion xisk based on ISO ]
contribute to low-spread resistances and high-current densitiess\Fhe current densit
ase with decreasing defect size. For coupons used to assess ACcorrosion, the defect
pically 1 cm?, since larger defects will exhibit lower currefit densities and can overg
tiveness of corrosion protection under AC interference. Additionally, the access of the
| defect is influenced by its geometry. The adjacent coating, its thickness and the geo
on shall reflect the expected defect geometry on the'structure to obtain the most rej
ts. Wherever possible, the coupon should be installed on the lower part of the stry
the humidity of the soil is higher and, therefore, the soil resistivity is naturally lo¥
ince for the assessment of effectiveness of €P' under AC interference conditions is g

[SO 18086 provides guidance on the assessment of AC interference.

Installation procedures

tained to the greatest possible extent. The following aspects shall be considered in thi

1

the coupon geometry and associated spread resistance should reflect the purpose of the

1
defects;unless this is part of the purpose of monitoring;

ples of concepts for addressing combined interference conditions are given in Annex (

be installed
by increased
| resistivity
8086, since
es typically
burface area
stimate the
current to a
netry of the
bresentative
cture, since
ver. Further
riven in B.2.

Lo

nstallation of coupons should be made in such a manner that the representative lpehaviour is

S context:

he coupon should ‘be permanently installed, ideally in the same soil or backfill as tﬁe structure
itself; if this is ndtpossible, a replacement soil with conservative behaviour can be used,;

’

monitoring;

he couporn should not cause or receive any electrical interference from adjacent coupons or coating

t 4d bave and maintain g ate contac ' und
contact and poor bedding condition is part of the purpose of monitoring;

ess a lack of

if a permanent installation of the coupon is not possible, the effect of a limited polarization time on
the obtained data with respect to corrosion protection, over-polarization and AC corrosion should
be assessed; it shall be ensured that the temporary coupon is sufficiently polarized during the
limited exposure time in order to demonstrate effectiveness of CP.

Intimate contact shall be maintained between the coupon surface and the surrounding environment.
During the installation process, the soil around the coupon shall be compacted to prevent settlement
and air voids forming around the coupon. These voids could result in loss of full contact between the
coupon surface and the surrounding soil. The possible loss of contact because of soil movement caused
by freezing or subsidence of the backfill material around the coupon shall be considered and minimized
during installation, unless a lack of contact/poor bedding condition is part of the purpose of monitoring.
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Aloss of contact between soil and coupon can usually be excluded when the coupon’s surface is oriented

upward. In contrast, a loss of contact can be mimicked by orienting the coupon surface downward
Coupons may be installed by a number of different methods, including:

— excavation activities during the structure investigation;

— installation of the coupon during construction of the structure under investigation;

— hand digging;

— auguring;

— vacuumm excavation;

— use of ah underground access box to limit excavation work for easier installation and later renpoval

of coupon.

NOTE Access boxes usually consist of cement or plastic rings that allow direct access to the soil.
are usually closed and exhibit direct cable connections.

The installation method selected depends on the site access, type of soil to beekcavated, cost inv
and availability of an electrical connection to the structure.

9 Commfissioning of coupons

9.1 Preliminary checking

Before conngecting the coupon to the structure, the following measurements should be performed:
— corrosion potential of the coupon;

— potentigl of the permanent reference electrode (if present) against a portable reference electr

— spread resistance of the coupon (e.g. by measuring the resistance between coupon and pipe W
AC resigtance meter);

They

blved

hde;

ith a

— in caseq of ER probes, the initialvalues of the electrical resistance of the built-in metal elements

shall be|recorded;

— soil resjstivity near the@qupon, if possible (e.g. with a soil box during installation or a resisf
calculatfion based on.the spread resistance).

9.2 Startfup

After connefting the coupon to the structure, the following measurements should be performed:

ivity

— coupon AT current,;
— coupon DC current;
— on-potential;

— coupon IR-free potential;

— in cases of ER probes, the initial values of the electrical resistance of the build-in metal elements,

under the influence of the AC current;

— checking of the remote monitoring system, if present.

In addition, the spread resistance of the coupon (e.g. by measuring the resistance between the coupon

and pipe with an AC resistance meter) can be assessed.
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Measurement of the settled parameters

6:2020(E)

Once the coupon has sufficient ground contact and after a suitable polarization period, the coupon
parameters (see 9.2) should be checked.

9.4

Installation and commissioning documents

After the successful installation of the coupon, the following documents can be prepared:

The final data are the basis for subsequent system checkstobe performed on the coupon a
Resullts of relevant measurements carried out before, during and after commissioning shall
retained. The relevant data are the parameters listed.above.

9.5
The

comprehensive assessment, i.e. typicallyevery three years in accordance with ISO 15589

installation date, as well as documents detailing the type of coupon and the dimensions of the

coupon parameters;

is—built layout documents showing the position of the coupon; additionally, other infofmation can
e collected such as the orientation of the coupon (e.g. upward by 45° or horizortally downward),

the position within the original backfill (e.g. in the backfill, 10 cm from natjve soil);

dccess box), the as-built layout documents are not required.

fesults of all measurements carried out before and after commissioning;

escription of the installation with details and references to-idaterials as well as infornj
or the correct operation and maintenance, e.g. frequency ofSystem checks.

Frequency of coupon measurement

frequency of the measurement depends on the requirements with respect to a d

the precise relative position to the pipe (vertical and lateral) and, if possible, the positign relative to

INOTE When the location of the coupon can be readily assessed in the field (€.g. due to an underground

ation useful

rrangement.

be filed and

etailed and

)-1. Annex C

giveg examples of continuous couponunieasurements based on remote monitoring and conttol systems.
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Annex A
(informative)

Special types and procedures of coupons and probes

A.1 Coupons for determination of weight loss and pitting

The coupons are produced from steel plates that are marked, degreased and weighed. After the
connection pf the cable, the surface is coated except for the area simulating the coating defect. [Until
installed, it|should be stored in a sealed plastic bag containing a drying agent. For cable-connections,
precautions|shall be taken to prevent any contributions of cable connection and disconnection tp the
mass loss mpasurement. Typical solutions include a thread in the coupon in combination with a screwed
cable connegtion.

When the cpupon is excavated for evaluation, it is advised to collect a sample-of the surrounding soil
for determination of soil type and resistivity by means of a soil box. Before\cleaning the exposed |steel
surface, a pﬂ:oto should be taken. The coupon is cleaned with fresh watér, dried and placed in a plastic
bag with a drying agent.

The coating|is removed and the cable dissembled. The weight loss\is determined by pickling in Clarke’s
solution (20 g Sb,05 and 60 g SnCl, x 2H,0 per litre concentrated HCI), in accordance with ISO $407.
The pickling is performed in several steps with weighing in-Bétween. The mass loss for each pickling is
transferred|to a graph, see Figure A.1.
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Figure A.1 — Mass loss curve

The line AB represents the removal of corrosion products. The pickling is repeated until three points
on or close to the horizontal line BC are achieved. Until point B, corrosion products still remain on
the surface. At point B, the surface is clean from corrosion products and the points between B and C
represent the attack on the base metal. The mass loss is extrapolated to the point D on the y-axis, which
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represents the mass loss due to corrosion. The difference in mass loss between the points D and C is a
compensation for the mass loss of the base metal during the pickling.

After each pickling, the coupons are rinsed in water, dipped in ethanol and dried in warm air. When the
coupons are dry and have achieved room temperature, they are weighed. The pickling is performed at
room temperature at periods between 1 min and 10 min depending on how heavily the coupons have
been attacked.

The deepest pit within the exposed area should be determined using an optical microscope.

A.2 Perforation prnhpq

The perforation probe can be used as a conventional coupon for regular measurements, but its primary
purpose is to give a warning when the deepest corrosion pit reaches a predestined value. The key
advapntage is the simple handling and especially the information with respect to\the corrpsion depth.
Hengde, information about the depth of the corrosion is provided independent df:the corroding surface.
This is especially important in cases of very local corrosion that penetrates rapidly, but with little mass
loss.[The monitoring of the perforation probe can be readily integrated intoythe conventiondl inspection
routine and also remotely controlled.

idea. When
be detected

Therg are different types of perforation probes, but they are built.on the same principle
corrgsion penetrates a thin steel plate with a thickness of typicallj.0,5 mm to 2 mm, this can
by a physical measurement, as described below.

The

this

betwf
the t
meas

The |
a fley
steel
conn
meas
deep|

fonductive type consists of a thin steel plate and an internal electrode. When corrosio
steel plate, humidity will penetrate into the gas_tight coupon and form a conductivg
een the electrode and the thin plate. By a resistance measurement between the el
hin plate, the perforation of the coupon canibe detected by means of conventiona
urement devices.

bressurized perforation probe based onpressure surveillance consists of a steel tube d
kible copper tube. Both tubes are covered with a heat shrinkable tube, except for the d
tube. The copper tube is fitted into a junction box. To the same box, a valve and a ma
ected, enabling pressurization of the copper/steel tube as well as monitoring the pr
uring device is placed within:a plastic container, which is mounted within the test pos
est pit penetrates the wall-of the exposed steel surface, the pressure falls, and this is

h perforates

electrolyte
cctrode and
| resistance

onnected to
efect on the
nometer are
pssure. This
t. When the
ndicated on

the manometer.

A3

The
loss
thick
loss
resis

ER probes

ER probe technique can be applied for corrosion rate assessment as an alternative t¢ the weight
coupon.“"Unlike the weight loss coupon, the ER coupon technique does not require excavation for
ness‘\measurement during normal operating conditions and weighing procedures siince a mass

sassessed by electronic means. Other coupon quantities, such as AC current, DC curfent, spread
tance etc can also be measured on ER coupons

The ER technique consists of measuring the change of the resistance of a metal element formed as a
coupon. When the metal element suffers from metal loss due to corrosion, the electrical resistance of
the element increases. 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 used for temperature
compensation. The element exposed to the corrosive environment constitutes the coupon part element,
whereas the element protected from corrosion by the coating constitutes a reference element (see

Figure A.2).

When current is exchanged between the exposed element and the soil, the ER technique should provide
a means for temperature compensation due to heating of the exposed element by the current exchange.
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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 by

the excitation current.

Rr

Rc

le

Key
Rr reference

®

element

Rc coupon glement

le excitatioh

Figure A.2 — Principle of ER probe with excitation current and-voltage measurement

current

®

VR voltmeter for reference element
VC voltmeter for coupon element

The thicknegs of the coupon element at time ¢ can be assessed throughout time using the sketched circuit

principle. The coupon element thickness at time t is then quantified using a mathematical algorithm.

14

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=bd09e53d19e5dee046cae34c34279ec5

IS0 22426:2020(E)

Annex B
(informative)

Assessment of the effectiveness of CP under any conditions

including DC and/or AC interferences

B.1

Undd
protg
pote
asses

The 1
inter
acqu
due 1
coup|
be in
an uj
the s
relay

Itis
strugq
and
and
poin{
dem

CP criteria based on the IR-free potentials

r any conditions, including DC and/or AC interferences, as a first step, CP criteria b
ection potentials and limiting critical potential provided by ISO 15589-1 shall be m)
ntials are polarized ones without IR errors, the effectiveness of CP for, stéel struct
sed by coupon instant-off (IR-free) potential measurements.

rupting all sources of CP current to the structure. Accurate coupon instant-off poter
jred by placing the reference electrode as close to the coupon as possible to minimize
o stray currents. Figure B.1 shows an example of a measuring system for coupon ¢
on instant-off potential, and coupon DC and AC currentsi@gn’a permanent coupon. A co
stalled so as not to shield CP current flowing into theé\structure. Figure B.1 shows aj
pwards oriented coupon with the surface area of 1 ¢im? that is installed in a 9 o'clocl

tructure. An on or off-status between the coupon-atd the pipe is created by operating
(6],

relatively simple to measure on-potential at-€ach measuring point and AC voltage alof]
ture. On-potential and AC voltage meastrements detect the areas of positive (anodic i
hegative (cathodic interference) potential shifts indicating the risks of stray current
pver-polarization, respectively, and:the point of highest AC interference. At the dete
s, coupon measurements (instant-off potential and DC and AC currents) can b
nstrating the effectiveness of CP.

ased on the
et. As these
ures can be

measurements shall be taken immediately after the coupon is disconnected from the pipe without

tials can be
the IR drop
n-potential,
upon should

example of
¢ position of
a solid state

g the entire
nterference)
nterference
cted critical
e taken for
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B.1 — Example of a measuring system-for coupon on-potential, coupon instant-of
potential, and couponDC and AC currents

terference

D 18086, increased AC and DC current densities cause increased AC corrosion rates. T|

and carbonates of.éarth alkali cations produce solid precipitates with sometimes incrg
eading to a highefspread resistance and a correspondingly lower AC corrosion rate g
ct.

hition of<{Coupons allows for a direct assessment of these complex interactions
on of éffective corrosion protection.

hese

irrent densities are @ssociated with higher AC voltages and more negative on-potentials.
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t the

and
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In cases of a strong variation of AC and/or DC interferences over time, it can be difficult to control
interference phenomena with a fixed setting of the rectifiers. The application of an impressed current
cathodic protection (ICCP) system with remote monitoring and remote control of the rectifier based on
coupon measurements, such as coupon on-potential, coupon instant-off potential or coupon AC and DC
current, can be an effective way of assessing and ensuring effective corrosion protection.

16
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Annex C
(informative)

Examples of instant-off and current density measurements on

coupons — Remote monitoring and remote control

C.1 | Real-time remote monitoring and control of the rectifier based on IR-free

potential measurements in cases of DC interference

The pmount of change in coupon instant-off potential readings measured withha-referen
in the direct vicinity of the coupon is less than that of on-potentials under stray current

Ce electrode
nterference

condjfitions. Therefore, continuous remote monitoring and remote control ‘over the rectifier based on

couppn instant-off potential measurements in accordance with EN 50162 can improve the

the
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10,75 Vg where soil resistivity is between 100 () m and 1000 Q m;

10,65 Vg where soil resistivity is greater than 1 000 Q m.

peration of the ICCP system due to the optimized output current ofthe rectifier(Zl.

ses where it is hard to make a clear distinction between anaerobic (immunity envirg
pic soils (passivity environment), a coupon instant-off pétential of -0,95 V. or m
| be required to control the rectifiers.

r homogeneous soil conditions that have very high resistivity and are well-aer3
htials more positive than -0,85 V¢ could be suffieient. ISO 15589-1 offers the folloy
erated soil:

Real-time remote monitoring and control of the rectifier based on cj
sity measurements in‘cases of DC interference

CP level can be evaluated by placing a steel coupon at a critical point, then dete
on DC current, which-shows entering (protection) and leaving (corrosion) directions
e C.1.

this set up,<the’constant DC current density averaged over a representative period
on the coupon should always be maintained so that the effectiveness of CP is mainf]
rming the/AC interference level is acceptable as defined in ISO 18086, the calculated
ent density of the coupon is adjusted to the predetermined value. Any decrease in
on- DC current density below the preset value will cause the transformer-rectifier cu

efficiency of

nment) and
re negative

ted, IR-free
bing criteria

irrent

rmining the
s shown in

of time (e.g.
ained. After
average DC
the average
'Tent output

to in

treqse anfnmnfir‘n”y until 2 balance is rngainpd 1 il(ﬂmricp’ any increase in the average

 DC current

density above the predetermined value will cut the current output until a balance is regained.

This approach is only feasible using very rapid response control-circuits and is particularly effective
for a structure buried in a stray current exposure area showing the possibly very marked and quick
stray current variations.

When a structure is buried under a railroad crossing, and when required during the CP design step,
the installation of a coupon should be implemented at the stage of structure laying in the casing pipe.
The location of the coupon is very important, particularly when used to control the system. The coupon
should be placed just under a railroad crossing where the most intense risks of corrosion and over-
polarization are possible. Since the area of influence surrounding the track at the railroad crossing is
limited, it is applicable for the installation of shallow groundbed anodes and smaller CP currents, which
can result in minimization of the interference effect on foreign metallic structures and AC corrosion risk.

© IS0 2020 - All rights reserved 17


https://standardsiso.com/api/?name=bd09e53d19e5dee046cae34c34279ec5

ISO 22426:

2020(E)

7 I 8 |
| T & AR NIezAall KT A 1 R VA 78 78
' 1 ! \ N 1 S ’, ‘I' : :
4& MMM —— q
6 [2

Key
1 structur¢ 6 soil
2 groundbpd anode 7  train equipped with regenerative braking
3 coupon 8 transformer-rectifier
4  casing pipe 9 equipotential line
5 electrolyte
Figure C{1 — Coupon DC current density controlledimpressed current cathodic protection
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systeml8l

e should be evaluated to determing\ifits CP system is operating properly. The applic
monitoring system is very effectual. Items of this remote monitoring system are co
Gity, voltage and current outputs;and the total circuit resistance (= (average voltage ou
irrent output)).

source with automatic(centrol should be used to maintain a constant coupon DC cu
should be set (e.g. 1 Afm?).

er source shoulddbe-able to deliver a sufficient output current instantly when the coupd
5ity becomes Below the set value.

 DC power'source should also be able to cut the output current instantly to mitigat
ation risk“when leakage current enters the coupon, with the result that the cathodic cu
bater than the preset value at the coupon location.

ation
ipon
put)

rrent

nDC

e the
rrent

tude

The DC pow

er-$ource shall he pr}nipppd with a cmnnfhing circuit (Filfprc)’ which limits the magn

of ripple to a value as low as possible. Thereby, the DC power source can maintain a preset constant
coupon DC current density very accurately.

The DC power source with output current limitation circuits has an effective shut-down in the event of

an external

short circuit.

A typical block diagram for a constant coupon DC current density controlled ICCP system is shown in

Figure C.2.

18

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=bd09e53d19e5dee046cae34c34279ec5

	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Assessment of CP effectiveness
	5 Application principles
	5.1 IR-free potential measurements
	5.2 DC and AC currents and current densities
	5.3 Spread resistance
	5.4 Corrosion rate measurements
	6 Design considerations
	6.1 General
	6.2 Geometry of the defect
	6.3 Dimension of the coupon base plate
	6.4 Surface area of the coupon
	6.5 Other types of coupon geometries
	7 Monitoring purpose — Selection of installation sites
	7.1 General
	7.2 Detailed and comprehensive assessment of CP effectiveness
	7.3 Assessment of CP effectiveness under DC interference conditions
	7.4 Assessment of CP effectiveness under AC interference conditions
	8 Installation procedures
	9 Commissioning of coupons
	9.1 Preliminary checking
	9.2 Start up
	9.3 Measurement of the settled parameters
	9.4 Installation and commissioning documents
	9.5 Frequency of coupon measurement
	Annex A (informative)  Special types and procedures of coupons and probes
	Annex B (informative)  Assessment of the effectiveness of CP under any conditions including DC and/or AC interferences
	Annex C (informative)  Examples of instant-off and current density measurements on coupons — Remote monitoring and remote control
	Bibliography

