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Corrosion Basics

T
wo of the most fun-

damental and infor-

mative field mea-

surements are soil 

resistivity surveys 

and pipe-to-soil potential 

surveys.

Resistivity Surveys
The resistivity of an electrolyte en-

vironment (usually soil or water) is an 

expression of the ability to support 

electrochemical current exchanges, 

specifically the current exchanges as-

sociated with corrosion cells. Resistivity 

provides a reasonable approximation of 

the corrosiveness of the environment—in 

general, the lower the resistivity, the more 

corrosive the environment will be. 

Knowledge of the corrosiveness of 

the environment can be useful in several 

ways:

1) How severely a proposed pipeline or 

other structure is likely to be attacked 

along a planned right-of-way

2) How severely an existing structure is 

being attacked

3) What steps can be taken to control 

the effects of exposure to a corrosive 

environment

In addition, it may be possible to 

estimate corrosion rates of commonly 

used metals in speci⇒ c ranges of resistiv-

ity. Such estimates must be made with 

considerable care because corrosion rates 

are often in⇑ uenced by many factors, in-

cluding the variations of resistivity along 

a structure, chemical constituents of the 

environment, and individual corrosion 

mechanisms at work (e.g., pH, oxygen 

concentration, etc.).   Whether measure-

tivity measurements, the corrosivity of 

individual locations can also be used to 

select permanent test points that are likely 

to include the most active (most strongly 

anodic and often most dif⇒ cult to protect) 

locations. 

Potential Surveys
Once a pipeline has been installed, 

over-the-line potential surveys, progress-

ing from a test station survey to a close 

interval survey, can identify the most ac-

tive locations that may require corrosion 

control. A survey of native potentials may 

establish the baseline for the CP criterion 

based on polarization in conjunction 

with an interrupted potential survey, or 

the interrupted potential survey alone 

may be used to determine polarized 

potentials and evaluate the potential-

based CP criterion. Patterns of potentials 

along a pipeline alignment can provide 

indications of operational irregularities 

that may disrupt CP effectiveness. These 

conditions may include:  

Q An uninsulated lateral or other 

grounded structure

Q An accidentally shorted crossing line

Q A shorted casing

Q A sharp change in soil resistivity

Q Something else that requires further 

investigation

Whatever is causing the loss of effec-

tive CP, the condition must be identi⇒ ed 

and remediated. Potential surveys are 

basic tools in the investigation.
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Understanding the basic principles and causes of corrosion

ments are made using a technique that 

averages the resistivity for a volume of 

soil (i.e., the Wenner four-pin method) 

or obtains values at individual points, it 

is often valuable to subject the data to 

statistical analysis that can project the 

lowest resistivity likely to be encoun-

tered at locations that were not tested.  

Other mathematical tools can provide 

important information. For example, 

values from a series of four-pin spacings 

(depths) may be analyzed by the Barnes 

Method to calculate the resistivity of the 

soil layer that contains the pipeline. This 

may remove the contribution of the top 

soil layer, which is often dryer and higher 

in resistivity than the soil of interest.

Cathodic protection (CP) require-

ments for many pipelines are a matter 

of regulatory compliance; however, re-

sistivity pro⇒ les can be extremely useful 

in determining the need for, and type of, 

CP. This is especially true for bare struc-

tures that may require CP only for local 

“hot spots” where resistivity values are 

low. Resistivity is also useful in predict-

ing the resistance-to-earth of an anode 

groundbed based on the size, spacing, 

number, and con⇒ guration of the anodes. 

This is often critical in the selection of the 

appropriate galvanic anode alloy or the 

ratings of impressed current recti⇒ ers.  

Testing arrangements can be modi⇒ ed 

to obtain values that pertain to surface 

anode, continuous linear anode, or deep 

anode groundbeds.

Some pipeline alignments may include 

wide variations in soil resistivity that 

re⇑ ect the presence of rocky outcrops 

or underground rock ledges. These may 

act as barriers that electrically shield 

the normal distribution of CP current 

to speci⇒ c locations along the pipeline.  

Advance warning of this possibility can 

be especially important. Based on resis-
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