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Abstract 

According to EN ISO 15589-1 the assessment of the effectiveness of cathodic pro-

tection (CP) is based on IR-free potentials (EIR-free) measured on the protected struc-

ture. According to EN 13509 the IR-free potential can be measured on coating de-

fects by means of the so-called Intensive Measurement Technique. This extrapola-

tion method allows for calculating the IR-free potential based on the on- and off-po-

tential in combination with the concurrently assessed voltage gradients. Unfortu-

nately, this method requires DCVG indications of typically more than 30% or gradi-

ents larger than 150 mV, limiting the application of the method to largest coating de-

fects. In contrast, the often-used instant off potential (Eoff) may only be used in ab-

sence of any stray currents and equalizing currents according to EN 13509. Equaliz-

ing currents can only be excluded, if all coating defects on the structure exhibit the 

same EIR-free. It is well known from coupon measurements that this condition usually 

is not satisfied. Hence it must be concluded that the same applies for coating defects 

on pipelines. As a consequence, it is technically impossible to demonstrate effective-

ness of CP in compliance with EN ISO 15589-1 with modern pipelines, since the in-

tensive measurement technique cannot be used on the small DCVG indications and 

the instant off potential measurement may not be used in presence of equalizing cur-

rents according to EN 13509. These aspects are discussed and a new methodology 

for assessing the effectiveness of cathodically protected structures is presented, 

which is also applicable in the case of combined AC and DC interference conditions.  

.  
Zusammenfassung 

Gemäss der Norm EN ISO 15589-1 muss die Wirksamkeit des kathodischen Korrosi-

onsschutzes (KKS) mit Hilfe des IR-freien Potenzials (EIR-free) an der geschützten 

Struktur nachgewiesen werden. Die Norm EN 13509 beschreibt die sogenannte In-

tensivmessung, welche die Messung es EIR-free an jeder Umhüllungsfehlstelle ermög-

licht. Diese Extrapolationsmethode besteht in der gleichzeitigen Messung des Rohr-

leitungspotenzials und der Messung des Spannungsgradienten, welche durch die 

Umhüllungsfehlstellen erzeugt werden. Diese Messungen werden sowohl bei ein- so-

wie ausgeschaltetem Schutzstrom vorgenommen. Unglücklicherweise ermöglicht die 

Extrapolation der Messdaten nur dann eine zuverlässige Ermittlung des EIR-free, wenn 

die Spannungsgradienten ausreichend gross sind. Typischerweise sind dazu 30% IR 

Anteil oder Gradienten von mehr als 150 mV erforderlich. Dies begrenzt die Anwen-

dung der Messmethode auf die grössten Umhüllungsfehlstellen auf Rohrleitungen mit 

Bitumenumhüllungen. In der Praxis wird daher oft die Messung des Ausschaltpoten-

zials (Eoff) bei moderneren Umhüllungssystemen, welche meist vergleichsweise 

kleine Fehlstellen aufweisen, für den Wirkungsnachweis des Korrosionsschutzes her-

angezogen. Allerdings erlaubt die EN 13509 die Abschätzung des EIR-free durch Mes-

sung des Eon nur bei Abwesenheit von Streuströmen und Ausgleichsströmen. Leider 

können diese Ausgleichsströme nur dann ausgeschlossen werden, wenn alle Umhül-

lungsfehlstellen auf der Rohrleitung dasselbe EIR-free aufweisen. Es ist allgemein be-

kannt, dass diese Bedingung bei Rohrleitungen in heterogener Bettung und mit un-

terschiedlichen Umhüllungsfehlstellen nie erfüllt sein kann. Folglich ist es technisch 



unmöglich auf modernen Rohrleitungen einen Wirkungsnachweis des KKS basierend 

auf der EN ISO 15589-1 zu erbringen, da die Umhüllungsfehlstellen für die Intensiv-

messung zu klein sind und die Ausgleichströme bei der Ausschaltpotenzialmessung 

nicht ausgeschlossen werden können. Der vorliegende Artikel schlägt nun eine neue 

Prozedur für den Wirkungsnachweis vor, welcher auch bei Beeinflussung der Rohr-

leitung durch Gleich- und Wechselströme angewandt werden kann.  

 

Résumée 

Selon la norme EN ISO 15589-1, l'efficacité de la protection cathodique (PC) est ba-

sée sur la mesure de potentiels sans chute ohmique (EIR-free) sur la structure à proté-

ger. La norme EN 13509 décrit la technique de mesures intensives, qui permet de 

déterminer le EIR-free directement sur les défauts dans le revêtement. Cette méthode 

d'extrapolation est une mesure simultanée du potentiel de la conduite en combinai-

son avec une mesure des gradients chute ohmique provoquées par les défauts asso-

ciés. Ces mesures sont faites pour le cas à courant de protection établi et coupé. 

Malheureusement l'extrapolation des valeurs de potentiel déterminées pour chaque 

défaut de revêtement seulement permet une analyse suffisamment précise unique-

ment, si les indications de DCVG sont plus importantes que 30% IR associée en cor-

respondance normalement avec une chute ohmique supérieure à des gradients su-

périeurs de 150 mV. Cela limite l'application de cette méthode aux défauts les plus 

importants dans le revêtement type bitumineux de bitume. En pratique, on utilise sou-

vent la mesure du potentiel à courant coupé sur les revêtements plus modernes avec 

des défauts de revêtement de plus petites dimensions. Par contre, selon la norme 

EN 13509, la mesure du potentiel à courant coupé peut seulement être utilisé pour 

déterminer le EIR-free en absence de courants vagabonds ou de courants d'égalisa-

tion. Malheureusement les courants d'égalisation peuvent seulement être exclus si 

tous les défauts de revêtement sur la conduite ont le même EIR-free. Il est bien connu 

que cette condition n'est jamais satisfaite sur les conduites avec différentes tailles de 

revêtement et dans des sols hétérogènes. En conséquence, il est techniquement im-

possible de montrer l'efficacité de la PC sur les conduites avec des revêtements mo-

dernes selon les exigences de la norme EN ISO 15589-1, parce que les indications 

DCVG sont trop faibles et les courants d'égalisation ne peuvent pas être exclus. Ce 

papier propose une nouvelle procédure pour déterminer l'efficacité de la PC même 

en cas d'interférences électriques à courant alternative ou continue.  

 

 

 

  



1. Introduction 

Since the first application of cathodic protection (CP) in 1928 [1], this technology has been world-

wide used for successful corrosion protection of pipelines. The effectiveness of CP is well recog-

nised und CP has significantly contributed to increased lifetime of buried infrastructure. Hence the 

risks associated with the transport and distribution of oil and gas are significantly decreased, since 

corrosion related leaks can essentially be excluded by the use of effective CP. As a consequence, 

the demonstration of effectiveness is of highest importance. Especially in those technical fields, 

where the installation and operation of CP is associated with legal aspects. The requirements for 

the demonstration of effectiveness of CP are given in ISO 15589-1 [2] and are based on the so 

call IR-free potential (EIR-free) at individual coating defects. Effectiveness is demonstrated, when 

EIR-free is more negative than the protection potential (Ep). The Ep corresponds to the minimal re-

quired electrochemical polarization of individual coating defects of the pipeline. For normal soils 

the value is -0.85 VCSE. Unfortunately, this EIR-free of individual coating defects cannot be assessed 

directly in many cases. The methods for measuring the EIR-free are given in EN 13509 [3]. Based 

on this standard the demonstration of effectiveness of CP is exclusively possible based on the 

so-called Intensive Measurement Technique, which is a concurrent DCVG and CIPS with a syn-

chronous interruption of all cathodic current sources. By means of an extrapolation of the voltage 

gradients and the potential data, the EIR-free is determined mathematically. While this procedure is 

technically correct, it has some important limitations. The intensive measurement technique was 

developed on poorly coated pipelines exhibiting major coating defects. The associated voltage 

gradients were significantly larger than 100 mV and exhibited usually more than 30%IR. On these 

coating defects a reliable calculation of the EIR-free on the basis of the intensive measurement 

technique was usually possible, since the contribution of influencing factors affecting the reliability 

of the extrapolation was usually negligible. Consequently, the protection criteria given in ISO 

15589-1 and the intensive measurement technique are, therefore, associated with the assess-

ment of effectiveness of CP on bituminous coated pipelines.  

The introduction of new coating systems on the bases of Polyethylene (PE) and Fusion Bonded 

Epoxy (FBE) has significantly changed the situation. The size of coating defects and the associ-

ated voltage gradients have significantly decreased. This was accompanied by a decrease of the 

total current demand. On these modern pipelines it is no longer possible to determine reliable 

data based on the intensive measurement technique. The small voltage gradients and the rele-

vant contribution of disturbing influencing voltage gradients prevented the reliable calculation of 

the EIR-free on individual coating defects.  

Instead, it was often attempted to approximate the EIR-free by means of the so-called instant-off 

potentials (Eoff). They were determined by synchronous interruption of all cathodic current sources 

including rectifiers, decoupling devices, galvanic anodes and drainage bonds. According to 

EN 13509 these Eoff values may only be used for the determination of the EIR-free when equalising 

currents, cell currents due to foreign anodes or foreign cathodes and stray currents are not pre-

sent. These conditions are usually not satisfied in case of heterogeneous bedding conditions and 

various coating defect sizes on the pipeline. On the basis of EN 13509 it is correspondingly not 

possible to perform a demonstration of effectiveness by means of Eoff values. According to 

EN 13509 an assessment of the EIR-free and hence the demonstration of effectiveness of CP on 

such pipelines is only possible by means of coupon measurements, since they usually allow for 

excluding the IR-error by interrupting all exchange and cell currents. Coupons, however, only 

allow for demonstrating effectiveness of CP of the pipeline when these coupons are representa-

tive for coating defects on the pipeline of investigation.  

 



 

Figure 1: Pourbaix-diagram (Fe/H2O) illustrating the cathodic polarization of steel [4]. The blue arrow 
shows the effect of concentration polarization and the resulting increase of the pH-value as 
well as the passivation. The yellow circles indicate the position of the protection potentials 
according to ISO 15589-1. 

These issues were addressed in a panel discussion within CEOCOR and the conclusions were 

published in 2016 [5]. Based on these discussions the following technically correct conclusions 

are possible:  

• Eoff more negative than -0.95VCSE: many coating defects are protected. 

• EIR-free on a coupon more negative than -0.95VCSE: the coupon and all coating defects iden-

tical (with respect to size, bedding conditions and mass transport) to the coupon are pro-

tected. 

• EIR-free on a coating defect more negative than -0.95VCSE: the measured coating defect is 

protected. 

These conclusions confirm that neither the assessment of the Eoff nor the EIR-free potential on indi-

vidual coating defects or coupons allow for demonstrating effectiveness of CP on all coating de-

fects on a pipeline. It follows that it is technically not possible to demonstrate compliance with 

ISO 15589-1. While it is possible to increase the level of polarization and hence corrosion protec-

tion by shifting the on-potential (Eon) to more negative values, this also increases the risk of over-

polarization and resulting disbonding of the coating. These problems associated with the correct 

adjustment of the level of CP are further complicated by the increasing presence of AC and DC 

interference conditions. In order to satisfy the requirements of EN ISO 18086 [6] with respect to 

minimizing the risk of AC corrosion, the Eon must be shifted in the positive direction. In contrast 

the mitigation of DC interference according to EN 50162 [7] and ISO 21857 [8] the Eon must be 

shifted in the negative direction in order to meet the requirements with respect to the EIR-free. Tak-

ing into account the discussed difficulties associated with the measurement of EIR-free according to 

EN 13509 in presence of stray currents it follows that it is technically not possible to demonstrate 



the effectiveness of CP on modern interfered pipelines on the basis of the normative require-

ments. Considering the legislative implications and the associated security risks, this is inaccepta-

ble. As a consequence, in the past years an alternative procedure for demonstrating the effec-

tiveness of CP was developed, which will be presented in the following.  

2. Alternative procedure for demonstrating effectiveness 

The new approach for demonstrating effectiveness of CP is based on today's understanding of 

the processes involved in CP as it is described in [9]. The application of a cathodic current corre-

spondingly results in an increase of the steel surface pH along the equilibrium line for hydrogen 

evolution as shown in Figure 1. At an EIR-free more negative than -0.85 VCSE a steel surface pH of 

9 is reached and conditions for passivation are present. A higher level of polarisation is achieved 

when the EIR-free reaches -0.95 VCSE that correspond to a surface pH of 10.5 according to Figure 1. 

This increased surface pH is sufficient to ensure passivating conditions even in aggressive envi-

ronment. This consideration, first emphasized by Leeds, explains the processes taking place un-

der CP and the relevance of the associated threshold values in ISO 15589-1.  

Furthermore, today's understanding of the processes taking place under DC interference can be 

expanded to combined DC and AC interference conditions as discussed in [10]. This approach is 

based on DVGW GW 28 B1 [11] and DVGW GW 21 [12]. These documents have the status of a 

recognized state of the art in Germany. It is common to both documents that the assessment of 

the effectiveness of CP is based on 24-hour average values of Eon and the AC-voltage (Uac). 

Contrary to the EIR-free these parameters can readily be assessed on pipelines and todays moni-

toring technology can automatically record them remotely. The concept of 24 hour average inter-

ference values is furthermore included in ISO 18086 as well as ISO 21857. This procedure for 

the first time allows for identical procedures for assessing the effectiveness of CP of pipelines. 

This procedure is in particular independent on the possibility to assess Eoff values and eliminates 

all constraints with respect to the measurement of the EIR-free given in EN 13509. This results in 

important advantages in the following configurations: 

• Eoff values cannot be measured due to increased touch potentials in case of severe AC 

interference. The disconnecting of earthing systems and the associated decoupling de-

vices is not possible for safety reasons making it impossible to measure reliable Eoff val-

ues.  

• The synchronous interruption of all cathodic current sources and decoupling devices is 

technically not feasible due to the extended interconnected pipeline network. 

• Complex structures with associated earthing systems result in extensive exchange cur-

rents. Correspondingly measuring Eoff is not feasible, and the new approach allows for 

assessing complex structures in the same way as galvanically separated pipelines. 

• The assessment of the interference conditions does not require the extended installation 

of coupons but allows for limiting those to the critical cases. 

This provides a comprehensive and complete procedure applicable to all cathodically protected 

structures. Independent on the type of structure, the coating system, the earthing situation or the 

interference conditions with AC or DC, these systems can be assessed with the same parameters 

and criteria. This procedure is based on the so-called reference current density Jref, which is re-

quired for the sufficient polarisation of the steel surface and the associated corrosion protection.  



For buried structures the dependence of the steel surface pH from current density (J) was re-

ported by various authors as shown in Figure 2. The EIR-free determined 0.1 s after interruption of 

the cathodic current is linked to the steel surface pH according to the equilibrium line for hydrogen 

evolution shown in Figure 1. As a consequence, Figure 2 allows for relating J, pH-value and 

EIR-free. Correspondingly, the following conclusions are possible based on the data in Figure 2 with 

respect to Jref: 

• 2 mA/m2 cause an increase of the steel surface pH above 9 and result in an EIR-free more 

negative than -0.85 VCSE. The Ep in ISO 15589-1 for normal conditions is associated with 

a Jref of 2 mA/m2.  

• 20 mA/m2 cause an increase of the steel surface pH above 10.5 and result in an EIR-free 

more negative than -0.95 VCSE. The Ep in ISO 15589-1 for aggressive soil conditions is 

associated with a Jref of 20 mA/m2.  

• 100 mA/m2 cause an increase of the steel surface pH above 11 and result in an EIR-free 

more negative than -1.0 VCSE and, hence, represents a conservative value with respect to 

effective CP. 

Unfortunately, none of the parameters, pH, J or EIR-free can normally be measured on coating 

defects of the pipeline. Nevertheless, they are linked by equation (1) via the spread resistance R 

and the surface A of the coating defect.  

 𝐽 =
𝐸𝐼𝑅−𝑓𝑟𝑒𝑒−𝐸𝑜𝑛

𝑅⋅𝐴
 (1) 

According to equation (2) the reference on-potential (Eref) required to ensure Jref on a given coating 

defect can be determined. This Eref will ensure Jref, Ep and hence effective CP on a given coating 

defect.  

 𝐽𝑟𝑒𝑓 =
𝐸𝑝−𝐸𝑟𝑒𝑓

𝑅⋅𝐴
 (2) 

It immediately follows from equation (2) that R and A have a relevant effect on Eref. R can be 

described for a circular coating defect with diameter d and soil resistivity  by means of equation 

(3).  

 𝑅 =
𝜌

2⋅𝑑
  (3) 

Combining equations (2) and (3) result in equation (4) for describing Eref.   

 𝐸𝑟𝑒𝑓 = 𝐸𝑝 − 𝐽𝑟𝑒𝑓 ∙
𝜋∙𝑑∙𝜌

8
 (4) 

This approach allows for calculating the required Eref for any given coating defect diameter and 

Jref. The associated soil resistivity is not necessarily known. However, the correct identification of 

the required Ep according EN ISO 15589-1 and the use of DVGW GW 28 B1 both require the 

knowledge of the soil resistivity. Correspondingly  is required for the demonstration of effective-

ness of CP and the mitigation of the AC corrosion risk already today. 

 



 

Figure 2:  Dependence of the current density J and the steel surface pH on the basis of literature data 
according to [13]. Additionally, the dependence of the EIR-free of the hydrogen electrode on the 
pH is shown on the right vertical axis. 

Unfortunately, there is usually no information available with respect to the diameter of the coating 

defects d. This problem is directly associated with the installation of coupons, since conclusions 

with respect to the effectiveness of CP can only be drawn when the size of the defect is repre-

sentative for those of the coating defects on the pipeline as discussed above, emphasized in [5] 

and described in ISO 22426 [14]. In Switzerland it is common practice to install coupons as fol-

lows: 

• On modern 3LPE coated pipelines with a coating resistivity of at least 1 MΩm2 coupons 

with a surface of 1 cm2 are installed. 

• On older PE coated pipelines coupons with a surface in the range of 10 cm2 are installed. 

• On bituminous coated pipelines coupons with a surface of 100 cm2 are used. 

If the installed coupon sizes are considered to be relevant for the assessment of the effectiveness 

of CP on the pipeline, their surface can immediately be used for calculating Eref as a function of 

the soil resistivity. A calculation example for coupon surfaces ranging from 0.1 to 1000 cm2 with 

a Jref of 100 mA/m2 is shown in Figure 3. According to Figure 2 this Jref of 100 mA/m2 is sufficient 

to satisfy the Ep of -0.95 VCSE on all well bedded coating defects. It immediately follows from Figure 

3 that a Eref of -1.5 VCSE is sufficient to ensure effective CP on coating defects of up to 100 cm2 in 

the soil resistivities between 30 the 100 Ωm, as they are characteristic for lower altitude soils in 

Switzerland.  



 

Figure 3:  Dependence of Eref from the defect size and the soil resistivity for a Jref of 100 mA/m2 calcu-
lated according to equation (4). 

This approach allows for calculating Eref for all possible conditions, provided Jref is known. For 

pipelines well bedded in fine soil and sand or pipelines in water with increased hardness, the 

values for Jref can be taken from Figure 2. For fixed steel offshore structures EN 12495 requires 

in extreme cases values for Jref of more than 200 mA/m2 in sea water. In case of coating defects 

in streaming soft water significantly increased values of Jref may be required, since the accumu-

lation of alkalinity and the reaching of a sufficient surface pH is more difficult in such conditions 

as emphasized by [5]. 

3. Application example  

In the following the assessment of effectiveness of CP based on a hypothetical application exam-

ple is discussed in order to illustrate the procedure for demonstrating effectiveness of CP in a 

combined AC and DC interference condition. The increasing density of infrastructure results in 

situations as shown in Figure 4 with combined high voltage and train interference. The discussed 

3LPE coated pipeline with a wall thickness of 5 mm is bedded in soil with resistivities between 30 

and 100 Ωm and the coating defects are assumed to be smaller than 10 cm2. The coupons in-

stalled along the pipeline correspondingly have a surface of 10 cm2.  



 

Figure 4:  Combined interference by high voltage power lines and traction systems. 

For the assessment of effectiveness three steps are required:  

In a first step Eref is determined. For the defect size of 10 cm2 at the highest soil resistivity of 

100 Ωm for a Jref of 100 mA/m2 an Eref of -1.14 VCSE is determined from Figure 3. This value is 

shown in Figure 5a with the vertical red line. Effective CP is accordingly established when Eon is 

more negative than Eref. This will ensure sufficiently high current densities and satisfying of the 

criteria given in EN ISO 15589-1.   

In a second step the contribution of stray current interference is assessed in accordance to DVGW 

GW 21 or ISO 21857 as detailed in [10]. The average anodic interference ΔEa,avg is determined 

from a 24-hour recordings of Eon. The assessment of ΔEa,avg is relative to Eref. In the present case 

ΔEa,avg is 0.3 V. According to equation (5) given in DVGW GW 21 and ISO 21857 the requirements 

for the 24 hour average on-potential Eon,avg are:  

 Eon,avg ≤ Eref – ΔEa,avg (5) 

When equation (5) is satisfied effective CP is assured in the given DC interference situation. This 

value is marked in Figure 5b by means of the blue line. It follows that effective CP is present as 

long as the 24-hour average of Eon is more negative than Eon,avg. This procedure allows the demon-

stration of effectiveness of CP based on a comparably simple on-potential measurement in ac-

cordance with DVGW GW 21 and ISO 21857. 

In a third step the limiting values for the acceptable AC interference must be taken from DVGW 

GW 28 B1. These Uac values are based on the current density requirements given in EN ISO 

18086. Since AC corrosion is a problem of over-polarisation there is a maximum acceptable DC 

current density given in EN ISO 18086. Correspondingly the maximum acceptable DC and AC 

current densities of 1 A/m2 and 30 A/m2 respectively may not exceed. For this reason, the lowest 

soil resistivity along the pipeline must be taken into account for the assessment, which is 30 Ωm 

in the present example. The limiting values are indicated in Figure 5c with the orange line for the 

acceptable Uac.   



 

a) 

 

b) 

 

c) 

 

Fig. 5:  Assessment of the effectiveness of CP based on Eon and Uac. a) Eref ensures effective CP; b) 
Eon,avg ensures effective mitigation of the stray current interference; c) The 24- average of Uac 
marks the limiting AC interference level. The green dot marks the safe condition at Eon and 
Uac of -1.6 VCSE and 6 Vac respectively. 



This discussion illustrates the procedure for assessing the effectiveness of CP in a combined DC 

and AC interference condition in accordance with the requirements of DVGW GW 21, DVGW GW 

28 B1, EN ISO 18086 and ISO 21857. Clearly, the optimal operation of CP requires the consid-

eration of all influencing factors. The present example illustrates that effective CP is ensured as 

long as the average Eon is more negative than -1.44 VCSE and the average Uac is smaller than 4 V. 

This approach allows for a straightforward demonstration of effectiveness of CP in combined DC 

and AC interference conditions on the basis of readily accessible objective parameters.  

Additionally, the planning of mitigation measures is readily possible by means of Figure 5c in case 

of the exceeding of AC interference threshold. An Uac of 6 V can only be tolerated, when the 

average Eon is more positive than -1.6 VCSE as illustrated with the green dot in Figure 5c. In the 

case of significantly increased Uac of for example 10 V, additional earthing measures are required. 

Under these conditions a further shifting of the Eon to more positive values is not possible due to 

the requirements for mitigation of stray current interference and the threshold of Eon,avg according 

to Figure 5c. However, in the practical application it is often difficult to decrease the level of AC 

interference to very low values.  

 

Figure 6:  Assessment of the effectiveness of CP based on Eon and Uac for the conditions in Figure 5. 
ΔEa,avg was decreased by mitigation measures by 0.06V. The green dot marks the safe condi-
tion at Eon and Uac of -1.3 VCSE and 10 Vac respectively. 

In the example shown in Figure 5c the corrosion situation can be significantly improved at a Uac 

of 10 V, when the level of stray current interference is addressed. Decreasing ΔEa,avg to 0.06 V 

results in a an Eon,avg of -1.2 VCSE according to equation (5) as show in Figure 6. Correspondingly 

the average Eon can be adjusted to -1.3 VCSE which eliminates the AC corrosion risk even in case 

of strongly increased AC interference in the given configuration (green dot in Figure 6).  

By means of the presented approach the demonstration of effectiveness of CP and the planning 

of mitigation measures in case of interference conditions under consideration of the normative 

requirements is readily possible. The application of this procedure in the past years in Switzerland 

has revealed, that it may not always be possible to meet the normative requirements over the 

entire length of a pipeline. This is particularly the case when a heterogeneous soil resistivity dis-

tribution is present along the pipeline. This may result in an exceeding of the threshold values on 

certain pipeline sections. These locations are readily identified by plotting the actual Eon and Uac 

data in the corresponding diagram (similar to Figure 6). This allows for determining the operation 



conditions of CP that minimize the corrosion risk. The additional installation of coupons on these 

identified critical locations allows for further assessment of the corrosion situation, in particular 

when electrical resistance (ER) probes are used. They allow for real time corrosion rate meas-

urement and further optimization of the corrosion situation in these critical sections. 

4. Conclusion  

The discussed dependencies and the presented example illustrate the possibilities in assessing 

effectiveness of CP based on today's understanding of the underlying mechanism and interac-

tions. The reference current density Jref, which ensures a sufficient pH increase at the steel sur-

face and the associated corrosion protection within the coating defect, is the crucial parameter. 

This Jref is ensured as long as the Eon on the pipeline is more negative than the reference potential 

Eref. Based on the requirements of ISO 21857 even increased stray current interference can read-

ily be addressed by shifting the average Eon in cathodic direction. Usually shifting Eon in cathodic 

direction increases the risk of AC corrosion as described in EN ISO 18086. The approach hence 

allows to ensure effective CP on all coating defects on the pipeline while taking into account the 

conflicting requirements of sufficient polarisation in DC interference, while preventing over polar-

ization in AC interference. 

. In contrast an increased level of AC interference can readily be mitigated by shifting the average 

Eon in anodic direction. This procedure allows for taking into account the conflicting requirements 

associated with AC and DC interference and hence adjusting the optimum level of CP. This opti-

mum level of CP ensures effective CP with minimized risk of AC and DC interference. 

Since the assessment of effectiveness of CP is based on the readily accessible Eon and Uac po-

tentials on the pipeline, this represents a unique procedure that is readily applicable on all pipe-

lines. The problems associated with time synchronized interruption of rectifiers, DC drainages 

and AC decoupling devices are, therefore, resolved. 
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