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Almost 20-years of CORRPOL company’s experience in the scope of applica-
tion of the electric resistance technique for determination of cathodic protec-
tion effectiveness has been presented. Selected corrosion monitoring cases of 
steel underground structures (pipelines and tanks) with cathodic protection, 
as well as of those not protected against corrosion have been discussed.
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Zastosowanie techniki korozymetrii rezystancyjnej do monitorowania skuteczności 
ochrony katodowej
Przedstawiono blisko 20-letnie doświadczenia fi rmy CORRPOL w zakresie sto-
sowania techniki rezystancji elektrycznej do określania skuteczności ochrony kat-
odowej. Przedyskutowano wybrane przypadki monitorowania korozji stalowych kon-
strukcji podziemnych (rurociągów i zbiorników) zarówno chronionych katodowo, jak 
i niechronionych przed korozją.
Słowa kluczowe: korozymetria rezystancyjna, ochrona katodowa, monitorowanie ko-
rozji, skuteczność

1. Introduction
The surface of underground structures pro-

tected against corrosion by cathodic protec-
tion (CP) is diffi cult to access by direct visual 
assessment and hence effectiveness of such 
performance cannot be verifi ed in a simple 
way. Due to the above, ever since the practi-
cal introduction of cathodic protection, hence 
for almost 100 years, indirect effectiveness 
assessment methods are being applied based 
on potential or current electric measurements. 
Cathodic protection criteria have been formu-
lated on this basis in most standards, guideli-
nes and recommendations, determining requ-
ired polarisation conditions for various metals 
and alloys in different environmental condi-
tions [1–3]. For example, for steel structures 
corroding in typical conditions, an arbitrary 
protection potential value has been assumed 
equal to -0.85 V versus the copper – saturated 
copper sulphate reference electrode. Unfortu-
nately, up to the present, no universal potential 
measurement method has been elaborated of 
a polarised structure free from a signifi cant 
error, namely the IR ohmic voltage drop [4]. 
The situation becomes still more complicated 
in the case of dynamic potential changes of 
structures related to the interaction of direct 
and alternate external currents. In such cases, 
the interpretation of potential measurement 
results with reference to the adopted cathodic 
protection criteria becomes diffi cult and am-
biguous. 

Signifi cant progress in underground struc-
ture potential measurement techniques was 
introduced through application of external po-
tential test probes called simply test probes or 
CP coupons, in other words coupons coupled 
with reference electrodes. One should mention 
here the elaboration of Baeckmann’s probe [5] 
and Polak’s multifunctional measuring probe 
[6, 7]. The idea of a test probe is based on pla-
cing of a steel coupon of a defi ned area (usual-
ly 1, 10 or 100 cm2) near the structure with ca-
thodic protection and connecting it electrically 
to equalise potentials. It is assumed that such 
a coupon, polarised to the protected structure 
potential and exposed to the same corrosion 
environment, refl ects well the surface state of 
this structure, including the kinetics of elec-
trochemical processes occurring there. In the 
case of a structure with a protective coating, 
the electrode simulates a defect of a determi-
ned size of uncovered metal surface. It is po-
ssible to perform much more accurate poten-
tial measurements with elimination of the IR 
component on a relatively small coupon, con-
trary to the large structure. To achieve this, the 
CP coupon is disconnected from the protected 
structure for the time of measurement, usual-
ly in a way synchronised with switching off 
the cathodic protection current. It is generally 
acknowledged that if the cathodic protection 
criterion is met on a coupon of a defi ned area, 
it is also met on the surface of the protected 
object of the same or smaller area in defects of 
the insulating coating. 

CP coupons have been accepted by cathodic 
protection technical personnel due to their un-
deniable advantages and at present fi nd wide 
application in this technology. Their applica-
tion is formulated in European [1, 2] and Ame-
rican [3, 8] standards. However, they are still 
mainly used for measurement of the polarised 
structure potential, a thermodynamic quantity 
that cannot be directly recalculated into the 
corrosion rate. Meanwhile, we should be in-
terested in determination of corrosion process 
kinetics on the surface of the protected struc-
ture and in checking if it corrodes at a permis-
sible rate. Such an approach to the so-called 
cathodic protection kinetic criteria postulated 
a long time ago by authors [9] already appe-
ared in several standards, which determine 
a safe corrosion rate of protected structures 
from the technical point of view. The Europe-
an standard EN12954 defi nes the protection 
potential as a potential at which the corrosion 
rate is less than 10 μm/year. The ISO commit-
tee also favours such an approach, although in 
Australia a value of 5 μm/year has been ad-
opted, while in USA specialists are ready to 
recognise a value of 25 μm/year. 

In the light of the above statements, an 
increase in interest regarding measurement 
techniques, which allow direct assessment of 
the corrosion rate of a cathodically polarised 
structure, should be the natural consequence 
in cathodic protection technology.

2. The role of electrical resistance 
technique in cathodic protection

Electrical resistance (ER) technique is at 
present one of the few accessible and veri-
fi ed measurement methods allowing polarised 
structure corrosion rate monitoring. Intensi-
ve development of this method has been ob-
served in recent years in relation to cathodic 
protection effectiveness assessment [10–13], 
although the beginnings of its application re-
aching back to the middle of the previous cen-
tury were connected mainly with other fi elds 
of technology. The ER technique has been im-
plemented with success in many branches of 
industry, allowing amongst others, corrosion 
monitoring in chemical [16], petrochemical 
[17], water [18] installations, reinforced con-
crete [19], and even in atmospheric conditions 
[20]. 

Electrical resistance measurements applied 
in this cathodic protection technology of un-
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derground structures differ from other typical 
industrial applications, especially in the scope 
of the probes used. The present state of this 
technology has been discussed in the NACE 
International report [21], while some guideli-
nes and recommendations are given in stan-
dard [3]. It is a measurement technique allo-
wing indirect determination of the corrosion 
rate of a polarised structure by measurement 
of the corrosion rate of a CP coupon in the 
form of a special ER probe. Such a coupon al-
lows, apart from typical current and potential 
measurements, precise determination of metal 
corrosion losses with an accuracy of 1 μm or 
higher. The essence of this technique is its ca-
pability of remote determination of corrosion 
losses of a CP coupon (without the necessity 
of its uncovering) on the basis of electric resi-
stance increase measurements performed from 
the ground surface. 

The principle of this measurement techni-
que is relatively simple, but its practical appli-
cation encounters some technical diffi culties. 
High workmanship precision of ER probes is 
required and high measurement accuracy (at 
least 0.1%) of very low resistances of the or-
der of several mΩ. Corrosion of a steel coupon 
is connected with losses of a wellconducting 
metal and its transformation to signifi cantly 
weaker conducting corrosion products (fer-
ric oxides and hydroxides). The measuring 
element is usually shaped in such a way that 
the corrosion process causes a decrease of its 
thickness at an unchanged length and width, 
leading to resistance increase. If the geometry 
of the measuring element is known, the resi-
stance increase can be recalculated to the line-
ar corrosion loss on the basis of Ohm’s second 
law. Modern digital corrosion meters perform 
such calculations automatically. In order to 
eliminate the temperature effect, the corroding 
element resistance increase is usually measu-
red in relation to the reference element, which 
is maintained at the same temperature, but is 
protected against the infl uence of corrosion 
factors. The ER probe construction principle 
is illustrated in Fig. 1.

Practical application of the ER technique 
in cathodic protection technology is based 
on installation in chosen locations of selected 
probe types in a way analogous to CP coupons 
or corrosion probes and performance of syste-
matic corrosion loss measurements with por-
table or stationary meters. More detailed in-
formation concerning the selection of probes 
and measurement apparatus has been given in 
[22]. Basing on own experience gathered over 
a period many years, the authors suggest ap-
plication of ER probes in cathodic protection 
technology in the following situations [23]:

at least one electrical resistance probe in  –
every larger cathodic protection installation 
in the place of its expected weakest interac-
tion,
in stray current interaction areas, –
in high voltage line interaction areas, –
in areas of protective current shielding, e.g.  –
crossings with other structures or passages 
in protecting pipes,

in areas of cathodic protection interference  –
with neighbouring unprotected metal struc-
tures,
in all other areas where performing a catho- –
dic protection effectiveness assessment on 
the basis of potential criteria is diffi cult or 
impossible.
Similar recommendations have been adop-

ted by the Polish Chamber of Natural Gas In-
dustry in their guidelines [24, 25].

In spite of the numerous advantages, one 
may expect that resistance measurements 
will not replace the generally applied poten-
tial measurements, but will supplement them 
in all of the more diffi cult cases. Due to the 
relatively slow speed of corrosion processes, 
which can be monitored by the ER technique 
during cathodic polarisation, potential measu-
rements of protected structures will still be 
used for obvious reasons during starting and 
adjustment of cathodic protection systems as 
electrochemical polarisation and the accom-
panying potential changes proceed signifi can-
tly faster. Results of resistance measurements 
without doubt will be used for assessment of 
cathodic protection effectiveness in longer 
periods of time as they will refl ect the total 
corrosion protection degree, taking into acco-
unt all factors occurring during operation, e.g. 
change of atmospheric conditions, switching 
off the supply current or breakdown of equ-
ipment.

3. Underground structure corrosion rate 
monitoring fi eld results

In Poland, the fi rst attempts of ER technique 
application for monitoring of cathodic protec-
tion effectiveness was undertaken approx. 20 
years ago. Initially, equipment from abroad 
was used, mainly from the USA, while from 
2002 on, SPZP CORRPOL started producing 
its own probes and somewhat later, its own 
electrical resistance corrosion meters. Below, 
chosen results have been presented covering 
several year periods of underground structure 
corrosion rate monitoring with the use of ER 
probes.

3.1. Water pipelines with cathodic 
protection

One of the longest tests conducted by COR-
RPOL taking into account the ER technique, 
involved cathodic protection of underground 
infrastructure in one of the Polish power plants 
[26]. Apart from standard potential measure-
ments, over ten ER probes were used to assess 
the effectiveness of the developed cathodic 
protection installation. Probes with a fl at tape 
measuring element of 0.5 mm thickness were 
used and the exposed area of steel measured 
9 cm2. Example results concerning corrosion 
rate measurements of underground pipelines 
with cathodic protection have been shown in 
Fig. 2.

The probe installed in control point P15/1 
measured corrosion losses on the water pipe-
line with cathodic protection from May 1995. 
Small steel corrosion losses had been observed 
at the 30 μm level in the fi rst months after ap-
plying protection (in the start-up phase), after 

which corrosion processes were practically 
hindered. During the next 16 years of properly 
functioning cathodic protection, no further si-
gnifi cant corrosion losses were reported. This 
is a well-documented example of very high, 
almost 100% electrochemical protection ef-
fectiveness.

Results obtained on the neighbouring un-
derground pipeline in control point P14/2 are 
another example. In this case, the pipeline di-
stinctly corroded in the period of the fi rst two 
years at a mean rate of 55 μm/year. As from 
September 1997 the pipeline was connected 
to a cathodic protection system and from that 
moment on, corrosion losses stopped progres-
sing. In this case, full effectiveness of cathodic 
protection is also being observed for well over 
ten years. Smaller scattering of obtained me-
asurement results in the last six years deserves 
mentioning which is related to the application 
of more accurate measuring apparatus.

3.2. Mounded LPG tanks
In the next illustration of the possibilities of 

the ER technique, results of 4 years of tests 
have been presented of the corrosion hazard of 
LPG tanks in one of the Polish heat and power 
generating plants. Four steel tanks of 80 and 
400 m3 capacity were mounded in sandy soil 
on a reinforced concrete base (see Fig. 3). 

These tanks had no additional protection 
apart from protective coatings, probably due 
to bad economic decisions. CORRPOL was 
asked to prepare an expert’s opinion on their 
corrosion hazard. It was found that these tanks 
were inseparably connected with reinforce-
ment of the reinforced concrete foundation 
and the earthing system. They acted as anodes 
in the formed dangerous corrosion macrocell 
and underwent accelerated corrosion. 

In order to perform a quantitative assess-
ment of the corrosion hazard, tanks were 
equipped with a set of 12 ER corrosion probes, 
which were placed in various locations in the 
ground around the tanks. CORRPOL’s own 
production probes were applied, in which the 
tape electrode had been formed in the shape 
of a two-loop measuring element. Some of 
the probes were electrically shorted with the 
tanks, while some were left as free corroding 
elements for comparison. In this way the steel 
corrosion rate was determined in different tank 
zones, taking into account galvanic interaction 
of the reinforced concrete cathode.

Examples of measurement results have been 
presented on the graph in Fig. 4, in which cu-
mulative steel corrosion losses are shown in 
the function of time. The bottom dependency 
describes the freely corroding element, while 
the upper one the probe, which is electrically 
connected with the tank structure. The graph 
slope indicates the corrosion rate. It can be 
seen that in the initial period, corrosion rates 
measured by both probes were high and they 
gradually decreased. Approximately two ti-
mes higher corrosion losses had been repor-
tedin the case of probes shorted with the tank 
structure. 

The measurements performed, which wi-
thout any doubt showed the existence of a cor-
rosion hazard, led in effect to the application 
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of cathodic protection to the whole structure 
– the start-up moment has been indicated by 
an arrow. Already, the fi rst positive resultscan 
be observed. The corrosion rate of probes and 
tanks with cathodic polarisation decreased 
signifi cantly in relation to reference probes 
remaining without the said protection. Measu-
rements are being continued.

3.3. Pipelines in protective tubes
Pipelines inserted into protective tubes, e.g. 

under roads and crossings, are another case of 
pipeline cathodic protection which frequently 
raises doubts. At the metallic joint of the line 
pipe with the protecting tube sections are elec-
trically shielded and the cathodic protection 
current may not reach them. In such a case, 
application of ER probes, which allow un-
equivocal determination of the corrosion ha-
zard in shielded zones comes in useful.

A gas pipeline shorted with a protective 
tube, described by Fiedorowicz and Jagiełło 
[27], can be given as an example. In this case 
an ER probe was applied, which was placed in 
the interpipe space and was electrically con-
nected with the pipeline with cathodic protec-
tion. A fl at tape probe was applied of 5 cm2 
area and 0.5 mm thickness. Results of over si-
x-years of observations are presented in Fig. 5, 

Fig. 1. A section of the ER probe showing its construction and the essence of 
metal corrosion loss resistance measurements
Rys. 1. Wycinek czujnika ER ukazujący jego budowę i istotę pomiarów rezysto-
metrycznych ubytku korozyjnego metalu

Fig. 2. Corrosion monitoring results of underground pipelines with cathodic pro-
tection at a power plant
Rys. 2. Wyniki monitorowania korozji chronionych katodowo rurociągów pod-
ziemnych w elektrowni

Fig. 3. Site plan of mounded LPG tanks with ER probes
Rys. 3. Plan sytuacyjny zakopcowanych zbiorników LPG wraz z czujnikami 
ER

Fig. 4. Mounded LPG tank corrosion monitoring results
Rys. 4. Wyniki monitorowania korozji zakopcowanych zbiorników LPG

where probe corrosion losses are shown in the 
function of time. 

The biggest losses were noted in the initial 
period, i.e. up to about a year and a half, when 
the mean corrosion rate was equal to approx. 
24 μm/year. Later, the steel corrosion rate de-
creased to a very low value below 1 μm/year. 
This rate remained unchanged in the consecu-
tive years, hence the corrosion hazard to the 
gas pipeline in a protective tube can be ack-
nowledged in this case as negligible. 

The example shown clearly indicates that 
one should not be infl uenced by initial resi-
stance measurement results, as after instal-
lation of the new probe and its electric con-
nection with the corroded structure, reaching 
the electrochemical equilibrium state in the 
formed cell takes quite a long time.

3.4. Pipelines in high-resistivity soils
Cathodic protection of steel structures in 

high-resistivity soils is yet another exam-
ple of the use of the ER technique. Potential 
measurements in these conditions are usual-
ly subjected to signifi cant error due to a high 
ohmic component and diffi culties in interpre-
tation. Corrosion rate measurements, on the 
other hand, ensure an unequivocal assessment 
of cathodic protection effectiveness. In Fig. 
6 results have been presented of 3.5 years of 

corrosion loss measurements on a steel gas pi-
peline laid in soil of 3000 Ωm resistivity [27]. 

The mean polarisation potential of a struc-
ture with elimination of the IR component was 
equal to -0.62 V vs. the CSE. It was found that 
in these conditions the steel corrosion rate was 
small and it stabilised after 5 months at the 
permissible level of 1.6 μm/year. Monitoring 
cathodic protection effectiveness in this case 
was performed with an ER probe of special 
construction with a small measuring element 
of 1 cm2 area placed in the centre of a large 
circular coupon of 100 cm2 area – see Fig. 7. It 
allows control for cathodic protection functio-
ning effectiveness inside large defects in the 
insulation coating. 

Similar tests performed in another location, 
where soil resistivity was equal to 8000 Ωm, 
have shown that the steel corrosion rate may 
be at a permissible level (below 10 μm/year), 
even at such high potentials as -0.39 V vs. the 
CSE [27]. 

3.5. Other application examples of the ER 
technique 

Many more examples based on cathodic 
protection operating practice, where the ER 
technique becomes an invaluable aid in de-
termining CP effectiveness, can be provided. 
The method is especially useful in assessing 
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structures subjected to the interaction of stray 
currents or induced alternate currents [28]. 
Resistance measurements have also helped 
to determine that exceeding the permissible 
alternate current density fl owing between the 
structure and the ground (30 A/m2) does not 
always result in a high corrosion hazard. Ca-
ses have been observed when such a current 
achieved 200 A/m2, and the structure was ef-
fectively protected by cathodic protection (ac-
ceptable corrosion rate) [27].

possibilities in the scope of optimisation of 
protective installation operating parameters. 
One may predict that resistance measurements 
will not completely replace traditional poten-
tial measurement methods applied in cathodic 
protection, but they will gradually supplement 
them, especially in locations where these me-
thods fail today. Such locations include, in 
particular,places of shielding, interaction of 
stray currents, high voltage lines and high re-
sistivity of the environment.
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Fig. 5. Corrosion monitoring results of a gas pipeline in a protective tube
Rys. 5. Wyniki monitorowania korozji gazociągu w rurze osłonowej

Fig. 6. Corrosion monitoring results of a gas pipeline with cathodic protection 
in soil of high resistivity
Rys. 6. Wyniki monitorowania zagrożenia korozyjnego gazociągu chronionego 
katodowo w gruncie o wysokiej rezystywności

Fig. 7. View of an ER probe coupled with a large 
coupon of 100 cm2 area
Rys. 7. Widok czujnika ER sprzężonego z dużą 
elektrodą symulującą o powierzchni 100 cm2

4. Summary
Wider implementation of the ER technique 

in cathodic protection technology, as in the 
case of every new measuring technique, will 
undoubtedly require an even longer time, but 
this process has begun and everything po-
ints to its further development. The greatest 
advantage of this technique is that it allows 
assessment of the effectiveness of cathodic 
protection system functioning through control 
of corrosion process rates in selected locations 
on the surface of protected structures. It uti-
lises the physical and chemical properties of 
the corroding steel element other than elec-
trochemical polarisation, hence assessment 
of the effectiveness of corrosion protection is 
performed in a direct and reliable way. Such 
a measuring technique accelerates the intro-
duction of kinetic cathodic protection criteria 
being postulated for a long time, by establish-
ment of a corrosion rate acceptable from the 
corrosion point of view with the possibility 
of verifi cation. Its application also opens new 




