
CATHODIC PROTECTION AND M&R 

 

DALE SCHULTZ 

MANAGER –SYSTEM INTEGRITY & 

TECHNICAL SERVICES 

NORTHWESTERN ENERGY 

 

 

 

 

 

 

Introduction 

 

 Although goals and objectives of the 

measurement and regulation (M&R) personnel 

and those of the corrosion control group may be 

very different, what they do individually may 

affect the overall success of the associate group.  

 

 This paper is intended to give M&R 

engineers and technicians a basic understanding 

of corrosion control including the challenges 

and hazards associated with CP (cathodic 

protection). With this knowledge I hope to 

stimulate the questions necessary for M&R and 

Corrosion Control departments to work together 

for better system integrity, reliability and safety. 

 

Basic Corrosion 

 

 Corrosion is the deterioration of a 

substance or its properties because of a reaction 

with its environment. This paper will focus on 

the corrosion of metallic assets, particularly 

external corrosion. This type of corrosion is an 

electrochemical process, which is defined as a 

chemical reaction involving the transfer of 

electrons. The chemical reaction involves 

oxidation and reduction. Oxidation is the 

process of stripping electrons from an atom thus 

creating a positive ion. When the opposite 

occurs and extra electrons are added to an atom,  

 
 

 

 

it is known as reduction. For the duration of this 

paper corrosion will refer to the deterioration of 

metals.  

 

 There are four essential elements for corrosion 

to occur.  

1) Anode – That portion of a metal surface 

that current leaves and metal enters the 

electrolyte.   

2)  Cathode - That portion of a metal surface 

that current leaves the electrolyte and 

returns to the metal. 

3) Metallic Path or Circuit – This is a metallic 

path that allows the electrons to flow 

between the anode and cathode. 

4) Common Electrolyte – A solution capable 

of conducting electricity. Its ability to 

conduct electricity is due to the presence of 

ions. The electrolyte must be common to 

both the cathode and anode. 

 

Anodes and cathodes can be dissimilar metals or 

simply sections along the surface of a metallic 

structure that maintain a difference in potential, 

caused by an imbalance of electrons. This variation 

can be caused by heating, welding, striking, filing 

or just normal inconsistencies in the manufacturing 

of the metal. The common electrolyte is generally 

the moisture in the soil or the moisture condensed 

on the surface of above ground structures. The final 

component is the metallic path, which provides a 



connection for electron flow. Fig. A illustrates 

this process. 

 

 

 
 

 If any one of these four elements is removed 

corrosion will stop. Preventing all corrosion is 

the principal goal of all corrosion departments. 

 

 Removing the electrolyte from the equation 

is the primary effort for eliminating corrosion. 

This is accomplished with coatings. Corrosion 

would not exist if all metallic surfaces were 

100% coated and therefore not exposed to an 

electrolyte. Although coating quality and 

construction techniques have improved 

significantly, 100% separation from the 

electrolyte is not yet economical.  

 

 Cathodic protection is added to protect 

those areas with coating holidays. Coating 

holidays are defined as the areas along the 

structure where the electrolyte is allowed to 

come in contact with the metallic surface.   

 

Basic CP (Cathodic Protection) 

 

Cathodic protection transfers electrons to 

the structure being protected so that the 

structure becomes negative with respect to its 

environment. Basically CP controls the 

direction of current flow and insures that current 

always flows to the assets being protected.  

 

Polarization also occurs when excess electrons 

along the surface of the protected structure join up 

with positive hydrogen ions (H+) forming atomic 

hydrogen (H) thus increasing the PH of the 

electrolyte and making it less acidic. 

 

Cathodic protection can be provided by a 

galvanic system or an impressed current system.  

 

A galvanic protection system, illustrated in Fig. 

B, consists of a metal that has a negative charge 

with respect to the structure being protected, a 

metallic connection to that structure and a common 

electrolyte. Magnesium is the most common 

galvanic anode used to protect steel in soil. 

Magnesium in soil has a potential of approximately 

–1.70 Vdc when measured with a copper/copper 

sulfate half-cell. Steel has a potential of 

approximately -.54 Vdc in the identical electrolyte. 

This combination creates a potential difference of   

1.16 Vdc. When connected by a metallic path, 

electrical currents flow from the anode to the 

cathode. A chemical process also takes place with 

the formation of ions and the release of electrons at 

the anode. Simultaneously, the protected structure 

(cathode) will accept the electrons generated at the 

anode.  This acceptance of electrons can take the 

form of neutralization of positive hydrogen ions or 

the formation of negative ions. The deterioration, or 

oxidation of the anode, occurs at the physical point 

that the positive ions migrate into the electrolyte.   

 

This method of protection is acceptable for 

protection of small structures and when current 

demands are low. Well-coated short pipelines, steel 

risers on a plastic system or tracer wires are good 

applications for galvanic protection. 



 

 
An impressed current cathodic protection 

system, shown in Fig. C, is applied to larger 

structures or structures with high current 

demands. Components of this system include a 

groundbed, a DC power supply, metallic path 

and the structure being protected. The 

groundbed is made up of one or more sacrificial 

anodes that are electrically connected to the 

positive side of the DC power supply. The DC 

power supply is most generally a rectifier that 

converts AC to DC. This power source produces 

a controllable potential difference between the 

structure being protected and the anodes. The 

negative terminal of the DC power source is 

electrically connected to the structure being 

protected.  The electrochemical process remains 

the same as in the galvanic system. 

 

 

The procedure for testing the effectiveness of 

cathodic protection is to measure the potential 

difference between the structure and the ground. 

This is accomplished using a voltmeter and a 

copper/copper sulfate half-cell. Attaching the black 

or reference lead to the half-cell and the red or 

positive lead to the structure, possibly through a test 

wire attached to the structure, should give you a 

negative reading. Fig. D shows this procedure being 

performed.   

 

49 CFR 192 Appendix D lays out the federal 

requirements for levels of cathodic protection. This 

paper will not go into the details of these 

requirements but will only say that typical target 

voltages are between -.850 Vdc and –1.80 Vdc.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Challenges with CP Systems  

 

 Maintaining target potentials, and eliminating 

or minimizing interference problems, produces 

laboring challenges for corrosion departments. 

Electrical isolation is a key factor in the success of 

this goal. 

    

 49 CFR 192.467 contains the requirements for 

electrical isolation. To properly maintain required 

isolation, it is important that both the corrosion 

Fig. D 



group and the M&R personnel understand the 

following parts of this code. 

 

(a) Each buried or submerged pipeline 

must be electrically isolated from 

other underground metallic structures, 

unless electrically interconnected and 

cathodically protected as a single unit. 

 

(b) Inspection and electrical tests must be 

made to assure that electrical isolation 

is adequate. 

 

(c) An insulating device may not be placed 

in an area where a combustible 

atmosphere is anticipated unless 

precautions are taken to prevent arcing. 

 

  New pipeline coatings and improved 

construction techniques have produced pipelines 

with very low current demands. This situation 

amplifies the challenge of maintaining isolation 

from structures not intending to be protected. 

Protecting buried structures that are foreign to 

your system removes the ability to reasonably 

and economically maintain the required level of 

cathodic protection.  

 

  Consider five miles of very well coated 

pipe that was installed with strict quality 

control. The current requirements to protect that 

pipe are directly proportional to the additive 

area of steel exposed to the soil or electrolyte. 

Now picture a ground rod driven into the 

ground for the safety of those working in a city 

gate station. The complete surface area of this 

ground rod will be exposed to the soil. The 

exposed surface area of the ground rod will be 

many more times that of the pipeline. If station 

equipment that has electrical continuity to the 

ground rod is not electrically isolated from the 

underground piping, uncontrolled quantities of 

the current intended and needed for corrosion 

protection will be rerouted to protect the ground 

rod.  Fig. E illustrates a properly isolated meter 

station that incorrectly has a temperature transmitter 

installed upstream of the insulating flange that 

effectively bonds the electric grounding system to 

the pipeline. This error will likely connect the 

electric utility’s entire ground system to the 

pipeline, as well as, all other metallic structures that 

are bonded to their ground system, including city 

water piping. This not only drains the cathodic 

protection currents but also disrupts the ability to 

understand and efficiently troubleshoot the cathodic 

protection system.  

 

 

 
 Whether the isolation is at a house meter, on a 

tubing line or at a flange, it must be understood why 

it is there and its ability to isolate must be 

maintained.  

 

 Piping isolation must be considered during the 

design phase and during upgrades of all facilities 

connected to the gas system piping. It is important 

that all measurement, regulation, and SCADA 

equipment along with associated supply and sensing 

lines be installed within the electrically isolated 

sections of piping. If this cannot be accomplished, 

insulated pipe unions and insulated tubing fittings 

can be utilized to maintain proper isolation. Taps 

necessary for calibration and maintenance functions 

should also be located within the electrically 

isolated section of pipe.  



 

 During design and after installation, make 

certain that all metallic assets intended for 

cathodic protection are electrically continuous 

and that all foreign facilities are electrically 

isolated. 

  

Buried pipe connected within the isolated 

section of a system can lead to a rapid failure of 

that pipe. Examples of this could include a fuel 

gas supply pipe to a line heater or meter piping 

from a vault to an above ground meter location.  

 

Cathodic protection interference currents 

cause this rapid failure. Cathodic protection 

interference currents are DC currents that when 

flowing from the groundbed, use an electrically 

isolated metallic path, rather than continuing in 

the ground. At some point, the current goes 

back into the ground and returns to the asset 

intended for protection. When the current flows 

off the isolated structure, the point of discharge 

becomes an anode and corrodes at a rate directly 

proportional to the current being discharged. 

Fig. F demonstrates how interference currents 

flow and the damage they do.  

 

 

 

 
 

 

 

Other Hazards  

 

 Isolation creates voltage differences in piping 

and piping components that are physically very 

close together. When temporarily bonded during 

maintenance activities these voltage differences can 

create sparks.  Laying wrenches across insulated 

flanges, or connecting steal braided test hoses to 

taps upstream of insulating devices and draping 

them across piping downstream of the insulating 

device, are two common maintenance actions that 

can cause sparks. Precautions must be taken if 

required electrical isolation is installed in an 

environment that could contain ignitable gas. 

Incorporating electrical isolation in vertical piping, 

as shown in Fig. G, will reduce the likelihood of the 

first spark hazard described above.  Covering 

insulating devices with highly visible dielectric 

tape, as shown in Fig. G and Fig H, further reduces 

the possibility of sparks from maintenance activities 

and establishes an elevated visual reminder of the 

insulating device. 

 

 

 
Fig G 

 



 
Fig H 

 

 Isolation can also cause problems when no 

one is present. Voltage spikes from lightning or 

ground faults that travel down a pipeline can 

raise the potential difference across insulating 

components to levels that cause a breakdown in 

the dielectric. This can be as minor as creating 

carbon traces on the dielectric that effectively 

bond the piping across the insulator, or a more 

severe case that burns a hole through the flange 

or dielectric union, releasing gas into the 

atmosphere.  Both cases allow undesirable 

voltages into parts of the station where 

instrumentation could complete the path to 

ground. Instrumentation failure will occur if this 

happens.  

 

 All station isolation should be protected 

with over voltage protection and properly 

grounded station piping. Fig I illustrates one 

type of voltage protection for insulated flanges. 

Fig J is a closer view of the same device.  This 

device will permit AC, above a specified 

voltage, a drain path to ground while blocking 

all DC cathodic protection current from being 

consumed by the grounding system. 

 

 
Fig I 

 
Fig J 

When removing components along a 

cathodically protected system, such as valves or 

meter sets with bad insulators, remember that 

cathodic protection current is flowing through that 

section and that removing and reinstalling it without 

a jumper wire will cause a spark. Also removing 

properly insulated components without a jumper 

could create a spark if the isolation is momentarily 

compromised.   

 

Conclusion    

 

 Working together and understanding the goals 

and objectives of other team members will lower 

maintenance costs, improve system integrity and, 

most importantly, it will improve safety for all 

personnel.  

 

     


