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Abstract. In this paper we consider main factors which have an influence 

on energy efficiency of the cathodic protection and analyze them. Cathodic 

protection is defined as the ratio of the electrical conductivity of 

electrolyte, which surrounds the underground (underwater) metal 

construction (pipeline) and its polarization resistance. The obtained results 

are correct first of all for the case of presence of modern qualitative 

insulation, which possess high dielectric properties and is made of, for 

example, polymers or its' composition and is meant to be used for 

protection against electrochemical corrosion of the underground pipelines 

1 The problem statement 

At development and production of equipment, constructions and buildings of various types 

and functions its resistances to corrosion are of essence [1-10]. In the recent times for 

protection the underground metal constructions (UMC) from corrosion, combined methods, 

including combined use of coatings and electrochemical protection are increasingly often 

used [11-13].  The existing normative documents, including Russian State Standards GOST 

9.602 – 2005 [14] and GOST R 51164 – 98 [15] require providing of a certain level of 

polarization protection potential, which is measured with respect to saturated copper-sulfate 

electrode of comparison. So, for example, for steel underground pipelines the range of the 

allowable values is oscillated between 0.85 and 1.15 V. At the same time it is known that 

achievement of the declared value of the polarization potential is practically impossible 

without a certain value of the ohmic potential drop in electrolyte, which surrounds the 

electrode being polarized. Consequently, for designing efficient systems of cathodic 

protection one should take this fact into account. Unfortunately, the existing normative 

documents, including RD 153-39.4-091-01 [16] do not take this problem into consideration 

at all. This paper is an attempt to solve this problem aiming at the most economically-

feasible providing of the required protection potential according to Russian State Standard 

GOST 9.602 – 2005 [14] for the total length of the pipeline protection zone. 

                                                           
* Corresponding author: kis_vg@mail.ru 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

MATEC Web of Conferences 245, 07015 (2018) https://doi.org/10.1051/matecconf/201824507015
EECE-2018



2 Basic principles for cathodic protection from corrosion of the 
underground metal constructions  

Cathodic protection from corrosion by the applied current (further referred as cathodic 

protection or electrochemical protection) in case of UMC is often used for protection from 

the soil corrosion, as well as for protection from corrosion which is caused by AC and DC 

earth currents. The alternating-current rectifiers with special units which provide automatic 

regulation of the electrical characteristics of the electrochemical protection are now often 

used as modern devices for cathodic protection. As the main parameter, which should be 

adjusted one often choose electrochemical potential of the protected construction in relation 

to soil. At the absence of special aggressive conditions it is sustained within the limits from 

0.85 to 1.15 V.  

We assume that all requirements form DIN 30676 [17] (high longitudinal conductivity 

of pipelines; absence of contacts with grounded constructions) are fulfilled, so we can 

perform calculations of the major parameters of the cathodic protection. As an object for 

protection we will choose a separate pipeline, which is located in soil and has a qualitative 

(for example, polyethylene) anti-corrosive coating. 

Basic principles of the cathodic and galvanic protections are well-studied, and its 

features, connected with various properties of the dielectric insulation of the pipeline are 

presented in early works [19, 20]. We will use some data from this works for estimation of 

influence of the specific resistance of the soil, in which the pipeline is located on the 

efficiency of the UMC cathodic protection unit. We assume that the UMC (pipeline) is 

characterized by the following parameters: material (steel) specific resistance ρ
s
 is 0.18∗

10−6 Ohm∙m; external pipeline diameter d is 321 mm; s is pipeline wall width (s = 6 mm); 

anti-corrosive coating is made from polyethylene. According to the handbook data [20], the 

specific protective current 𝑗𝑠 in this case for pipelines located in soil, varies within the 

limits from 10−5 to 10−6 A/m2.  

Basing on these data and according to the technique described in [18] we will calculate 

basic parameters of the cathodic protection of the considered pipeline for protection current 

density js equal to 10−5 A/m2.  

We will represent the relation between protective pipeline area and total protective 

current, calculated using the formulas from [20] and protective current density and 

numerical characteristics of the object being protected in tabular form (Table 1). 

Table 1. Basic parameters, which characterize the pipeline protection area  

Js, A/m2 
2L, km

 
I0,A

 

10-5 89.443 0.902 

 

As it is seen from this Table, the chosen density of protection current (𝑗s [A/m2]) 

denotes the length of the pipeline cathodic protection area (2L [km]) and the pipeline 

protection current (𝐼0 [А]). However, according to the formulas, both the protection area 

and the total protection current don't depend on the specific resistance of the soil. Actually, 

this dependence exists, but it is "hidden" in the parameter called "protection current 

density".  Further we will consider how this value is denoted and its influence on the 

cathodic protection efficiency.  
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3 Determination of the influence of the specific resistance of the 
soil on the efficiency of the cathodic protection at the pipeline 
location area. 

First stage of designing of any electrochemical protection consists in determination of the 

necessary density of the protection current Js. It is obvious that expenses for the 

electrochemical protection will decrease with decreasing of the protection current. 

Experimental investigations of the necessary value of protection current are always 

accompanied by measurement of the UMC polarization potential, and its value doesn’t 

depend on the ohmic drop of potential in electrolyte. However, measurements of this 

parameter are always associated with elimination of the ohmic potential drop at the defect, 

which is already a function of the specific resistance of the soil, defect dimension and 

shape, ant the coating width. Similar problem also arises at performing of the cathodic 

protection itself. For this case, taking into account that the intrinsic conductivity of the 

dielectric coating is very low in comparison with the defect conductivity which is proved, 

in particular, in the works [21, 22], one should use the following formula for calculation the 

resistance of the defect of a round shape [20]: 

The formula which denotes the polarization defect resistance is: 

𝑅p =
𝑟p

𝐴
,                                                         (1) 

where 𝑟pis specific polarization  resistance of metal surface near the cover defect 

(according to [20] 𝑟p = 1  Ohm∙m2); 𝐴 is cover defect area. 

The formula which defines resistance of a cover layer, arising on metal surface during 

the process of cathode protection unit operation is: 

𝑅D =
𝑟d

𝐴
 ,                                                        (2) 

where 𝑟d is specific resistance of the cover layer, which arises at long operation of the 

cathodic protection unit. 

Formula which denotes soil resistance in a round shape defect is: 

𝑅F =
𝜌𝑙

𝐴
 ,                                                         (3) 

where, 𝜌 is specific resistance of the soil, and 𝑙 is the width of the pipeline dielectric 

coating.    

Formula which denotes spreading resistance in a round shape defect is: 

𝑅S =
𝜌

2𝑎
 ,                                                          (4) 

where 𝑎 is diameter of round shape defect.  

It is obvious that in this case the total resistance of defect 𝑅 is a sum of polarized 𝑅p and 

ohmic 𝑅G resistances and can be calculated using the following formula: 

𝑅 = 𝑅p + 𝑅G ,                                                     (5) 

Where  𝑅G denotes ohmic potential drop in a defect and can be calculated using the 

following equation: 

                                                   𝑅G = 𝑅D + 𝑅F + 𝑅S                                               (6) 

At this we should note that the coating layer resistance  𝑅D which is formed at relatively 

long-lasting operation of the cathodic protection unit, by its definition, is weakly dependent 

on the specific resistance of the soil. Consequently, within the stated theme of the work this 

parameter may not be taken into account, when considering the case that the system is in 

the condition with no coating layer. This situation may occur both at short operating time of 

the cathodic protection, and in acid soils, where formation of coating layer is rather 

difficult. 

For determination of influence of specific resistance of the soil in the area of pipeline on 

the efficiency of the cathodic protection unit in direct current (without taking into account 

the losses in transmitter) one can use the following model representations: 
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We assume that the pipeline has a dielectric (for example, polyethylene) coating of 5 

mm width (polyethylene specific resistance ρD is about 1018 Ohm∙cm). Laboratory and 

practical measurements show [21] that polyethylene specific resistance decreases by 2-3 

orders of magnitude and is about 1015 Ohm∙cm when it is buried in ground for a long time. 

We denote this value by 𝜌u. 

We assume that identical round shape defects are located at the pipeline starting from 

the point of current drainage. 

We assume that each defect has an area of 6.25 cm2 i.e. it is equal to area of potential 

controller which is used for polarization potential measurements according to Russian State 

Standard  GOST 9.602 – 2005 [14]. 

We assume that specific resistance of the soil in the area of the pipeline location varies 

from 0 to 100 Ohm∙m. 

Basing on these conditions, we will calculate the cathodic protection parameters, 

namely the pipeline insulation resistance at the protection length 89.443 km, which 

corresponds to the protection current density 𝑗s = 10−5A/m2 and its total value 𝐼0 =
0.902𝐴. It is known that insulation resistance in this case will be expressed by the 

following formula: 

𝑅𝑖𝑛𝑠 = 𝜌u
l

2π𝑑𝐿
                                                      (7) 

We put numerical values in it and perform the calculations. We obtain that 𝑅𝑖𝑛𝑠 =
5.55 ∙ 109 Ohm which, as we will see further, is significantly more than the resistances of 

the insulation defects. Consequently, this value cannot be taken into account in the 

subsequent calculations. 

We calculate the polarization resistance of the defect 𝑅p depending on the specific 

resistance of the soil using the formula (1). We put numerical values, which we denoted 

earlier  into this formula and obtain that polarization resistance doesn't depend on the soil 

resistance, i.e. remains constant at variation of this parameter (according to our calculation 

for one defect of the chosen dimensions it is equal to: 𝑅p = 1600 Ohm).  We put these 

values into the Table 2. 

We calculate the polarization resistance of the defect 𝑅F depending on the specific 

resistance of the soil using the formula (3). We put numerical values, which we denoted 

earlier, into this formula and perform calculations.  We put the obtained values into the 

Table 2. 

We calculate the spreading resistance of the defect 𝑅S depending on the specific 

resistance of the soil using the formula (4). We put numerical values, which we denoted 

earlier, into this formula and perform calculations. We put these values into the Table 2. 

We will calculate the ohmic drop of potential in a defect  𝑅G using the formula (6), This 

formula will be the following in our conditions, i.e. taking into account that the resistance 

of the coating layer, which arises at long-lasting operation of the cathodic protection unit is 

equal to 0 (𝑅D = 0):   

𝑅G = 𝑅F + 𝑅S                                                   (8)  

We put numerical values, which we denoted earlier, into the formula (8) and perform 

calculations.  We put the obtained values into the Table 2. 

We will calculate the average polarization resistance of the defect over the total 

protection area of the UMC on the basis of general conditions for the pipeline protection 

zone determination (copper-sulfate potential varies from -0.85 V to -1.15 V according to 

copper-sulfate electrode of comparison). However, in these conditions the specific 

polarization resistance 𝑟p varies from its minimum value 1 Ohm∙m2 at the periphery of the 

protection zone to its maximum possible value 2 Ohm∙m2 near the drainage point. It is 

obvious that average value of the polarization resistance for the whole UMC protection area 

in this case is equal to 1.5 Ohm∙m2. We put this value of the specific polarization resistance 
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together with the defect area (A) into the formula (1) and perform the calculations. We put 

the obtained values 𝑅p.𝑎𝑣  into the Table 2. 

One can perform calculations of the amount of the round-shape defects for the 

protection zone of the 89.443 length basing on the protection current 𝐼0 = 0.902A, density 

of the protection (polarization) current in a defect 𝑗p [A/m2] equal to 0.3 A/m2 and the 

chosen area of one defect (А = 6.25 cm2)  using the following formula: 

𝑛 =
𝐼0 

𝑗pА 
                                                            (9) 

We put numerical values into the formula (7) and perform the calculations. We put the 

obtained value 𝑛 = 4811 into the Table 2. 

The obtained amount of the defects due to its parallel connection allows one to calculate 

both the average polarization 𝑅p.av
̅̅ ̅̅ ̅̅  and total ohmic resistances 𝑅G

̅̅̅̅  of the pipeline defects.  

We will do this be dividing the corresponding values on the amount of defects and put the 

obtained result in Table 2. 

We will calculate the power РPDT produced at polarization resistance of the pipelines 

using the following formula: 

РPDT = 𝐼0
2𝑅p.av

̅̅ ̅̅ ̅̅                                                (10)    

We put these results in Table 2. 

We will calculate the power РFSТ, which is produced at soil resistance in pipeline 

defects using the well-known formula: 

РFSТ = I0
2RG

̅̅̅̅                                                        (11)  

We put these results in Table 2. 

3.1 Calculation of power in dc current circuit of cathodic protection unit 
which is spent at ohmic resistance of cable. 

According to handbook data [23] we assume that potential drop in cable of dc current 

circuit is 2 V and we put these data in Table 2. We will calculate power  𝑃k, which is 

produced at cable resistance in direct current circuit of cathodic protection unit using the 

formula: 

𝑃k = 𝐼0𝑈К                                                      (12)  
We put these results in Table 2.  

3.2 Calculation of power in direct current circuit of cathodic protection unit, 
which is spent at spreading resistance of anodic protection. 

We assume that spreading resistance of anodic protection 𝑅А in each case is 1 Ohm and we 

put these data in Table 2. We will calculate the power 𝑃A, which is produced at spreading 

resistance of anodic protection, using the well-known formula: 

𝑃A  = 𝐼0
2𝑅A                                                      (13)  

We put these results in Table 2. 

We will calculate the efficiency of the cathodic protection at direct current η
i
 depending 

on the specific resistance of the soil in the area of the pipeline location using the tradition 

expression for this case: 

𝜂i  =
РPDT

Ptr
                                                       (14)  

 

𝑃пр = РPDT + РFSТ + Pk + PA                                     (15)  

𝑃tr denotes necessary power of cathode protection transmitter at direct current. We put 

these results in Table 2. 
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Table 2. Technical parameters of the cathodic protection imposed by the pipeline current, which are 

denoted at various values of the specific resistance of the soil for the UMC location area.  

𝜌, Оm∙m 0 10 20 30 40 50 60 70 80 90 100 

𝑅𝑝, kOhm 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60 

𝑅𝐹, kOhm 0 0.08 0.160 0.240 0.320 0.400 0.480 0.560 0.640 0.720 0.800 

𝑅𝑆, kOhm 0 0.177 0.355 0.532 0.709 0.887 1.063 1.241 1.418 1.596 1.773 

𝑅𝐺 , kOhm 0 0.257 0.515 0.772 1.029 1.287 1.544 1.801 2.058 2.316 2.573 

𝑅𝑝.𝑎𝑣 , kOhm 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 

𝑛, pcs 4811 4811 4811 4811 4811 4811 4811 4811 4811 4811 4811 

𝑅𝑝.𝑎𝑣
̅̅ ̅̅ ̅̅ ̅, Ohm 0.499 0.499 0.499 0.499 0.499 0.499 0.499 0.499 0.499 0.499 0.499 

𝑅𝐺 ,̅̅ ̅̅ Ohm 0 0.053 0.107 0.160 0.214 0.268 0.321 0.374 0.428 0.481 0.535 

Р𝑃𝐷𝑇 , 𝑊 0.406 0.406 0.406 0.406 0.406 0.406 0.406 0.406 0.406 0.406 0.406 

Р𝐹𝑆Т , 𝑊 0 0.043 0.087 0.130 0.174 0.218 0.261 0.304 0.348 0.392 0.435 

𝑈К , V 2 2 2 2 2 2 2 2 2 2 2 

𝑃𝑘 , 𝑊 1.804 1.804 1.804 1.804 1.804 1.804 1.804 1.804 1.804 1.804 1.804 

𝑅А, Ohm 1 1 1 1 1 1 1 1 1 1 1 

𝑃𝐴 , 𝑊 0.814 0.814 0.814 0.814 0.814 0.814 0.814 0.814 0.814 0.814 0.814 

𝑃𝑡𝑟 , 𝑊 3.024 3.077 3.111 3.154 3.198 3.242 3.285 3.328 3.372 3.416 3.459 

𝜂𝑖 , % 13.4 13.2 13.1 12.9 12.7 12.5 12.4 12.2 12.0 11.9 11.7 

4 Analysis of results   

The calculation results from Table 2 show a stable tendency for growth of efficiency of 

cathodic protection at protection the underground (underwater) pipelines with decrease of 

specific resistance of the soil (electrolyte) in the area of the pipeline location. However, 

increase in efficiency of the cathodic protection system at direct current for the accepted 

conditions is just some percents, which is neglible from the economical point of view. At 

the same time at decreasing UК and RА, which can be really achieved, increase in η
i
 might 

be ten percents and even more. In this case, especially for urban conditions, where the 

protection current if often 40 A and more and the amount of units, for example at the 

territory of Saint-Petersburg is more than 3000, the economical effect from the rational 

choice of the pipeline route might be rather noticeable. Besides this, growth of specific 

resistance of the soil in the area of the pipeline location increases the absolute value of the 

potential gradient at the UMC location area. This, according to the paragraph 4.7 of the 

Russian State Standard GOST 9.602 - 2005 [14] increases the danger of the stray currents 

impact on the adjacent underground metal constructions. 

5 Conclusions 

1. We have considered the influence of the specific resistance of the soil in the area of the 

underground pipeline location of the efficiency of the cathodic protection unit at direct 

current η
i
, which is denoted by the ratio between the pipeline polarization resistance and 

the sum of ohmic resistances at direct currents of the cathodic protection system.  

2. It was shown that at fixed geometrical parameters of defects in the presence of modern 

dielectric (for example, polyethylene) coating with growth of specific resistance of the 

soil one observe decrease of η
i
, which is accompanied by growth of a dangerous impact 

of stray currents on the adjacent underground metal constructions. 
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