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Designing a successful cathodic protection 

system requires an understanding of the 

resistivity of the environment (electrolyte) 

surrounding a pipeline. 



Soil resistivity is an electrical characteristic of the 

soil / groundwater which affects the ability of 

corrosion currents to flow through the electrolyte.  

Resistivity is a function of soil moisture and the 

concentrations of ionic soluble salts and is 

considered to be the most comprehensive 

indicator of a soils corrosivity
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Electrolyte 



Soil Resistivity Measurements

• Determine the character and physical properties 

of soil deposits

• Indicate to some degree the level of corrosion 

that might be expected in underground pipelines

• Identify best location and depth for low-resistance 

electrodes (ground rods and anodes)



• Soil moisture plays a large part in 

resistivity. 

Soil Resistivity Measurements

• Soil Resistivity tests determine the reciprocal of 

conductivity for a particular soil 

• Low resistivity indicates a soil will be a good 

electrolyte.



Classification of Soil Resistivity

Resistivity (ohm-cm)

• Below 500 ohm-cm

• 500 to 1000 ohm-cm

• 1000 to 2000 ohm-cm

• 2000 to 10,000 ohm-cm

• 10,000 ohm-cm and above

Category

• Very Corrosive

• Corrosive

• Moderate Corrosive

• Mildly Corrosive

• Progressively less Corrosive
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R = P     

Resistance  =   Resistivity

( ohms )          ( ohm-cm )

Resistance vs. Resistivity 



A 1-centimeter cube is the standard size that is used to test the resistance of 

metals. Different metals offer different resistance to the flow of electrons.
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Soil Resistivity Instruments

Shepard Canes

AC Soil Rod

Soil Box

4 Pin Soil Resistivity Meter



Concentric Earth Shells Around an Earth Electrode

Ground Electrode

Earth Shells



I

milliampmeter

Current passed through the soil between two iron electrodes. 

Shepard Canes

Cathode is larger than anode to avoid polarization



AC Soil Rod 

(Collins Rod)

Current from an AC source 

is passed through the soil 

between a steel rod and an 

insulating tip. The slide wire 

in the AC Bridge is adjusted 

until balanced and there is 

no longer an audible, or a 

“null” is produced. The 

scale on the instrument is 

read in Ω-cm



AC Soil Rod 

(Collins Rod)

Soil Resistivity in Ω-cm is 

measured within an inch or 

two around the tip of the AC 

Rod. The rod is calibrated 

hexagonal steel with a 

hardened steel tip insulated 

by a nylon washer. The 

connecting lead from the tip 

is brought up through the 

body of the 40’ rod to the 

insulated terminal. The 

other terminal is grounded 

to the body of the rod.















Wenner 4 pin  Arrangement
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Soil Box

Current plates – (zinc)

C1 C2

P2P1
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Pin Alignment for Soil Resistivity



a

a a a

Pins aligned perpendicular to pipe

Minimum location for Current 

pin is ½ distance of a

Pin Alignment for Soil Resistivity



Wenner 4 Terminal Soil Test Formula:

p = 2 AR

p = average soil resistivity to 
depth A in ohm-cm

= constant 3.1416

A = distance between electrodes 
in cm

R = instrument reading in ohms

p

p



Example A: measure soil resistivity to depth of five (5) feet 

1 - Set distance between electrodes to five (5) feet   

2 - Convert feet to centimeters to obtain A in the formula:

2 x 3.14 x 152 =  955

4 - Multiply instrument reading (ohms) by constant (955) to obtain 

soil resistivity in ohm-cm  

5 x 12 x 2.54 cm = 152 cm  

3 - Multiply 2 x p x A to obtain a constant for a given test set-up:

If, for example, your instrument reading was 55 ohms, the average 

earth resistivity would be 55 x 955 =  52,525 ohm-cm at 5’ depth.



Example A: measure soil resistivity to depth of four (4) feet 

1 - Set distance between electrodes to four (4) feet   

2 - Convert feet to centimeters to obtain A in the formula:

2 x 3.14 x 122 =  766

4 - Multiply instrument reading (ohms) by constant (766) to obtain 

soil resistivity in ohm-cm  

4 x 12 x 2.54 cm = 122 cm  

3 - Multiply 2 x p x A to obtain a constant for a given test set-up:

If, for example, your instrument reading was 26 ohms, the average 

earth resistivity would be 26 x 766 =  19,916 ohm-cm at 4’ depth.



2   x 3.14   x 12    x 2.54  =  191.5

Multiply 191.5   x pin spacing in feet 

x instrument reading (ohms)  =  

average earth resistivity depth A.

Simplify Formula: p = 2    ARp













Soil Resistivity Field Survey

• Avoid proximity to metallic structures

• If metallic structure in area of survey, no 

electrode should be closer than the total 

distance between the current electrodes

• If unable to keep distance, survey should 

be made perpendicular to metallic 

structure and as far away as possible










