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1. General 
 

1.1 Purpose 
This document was developed as a guideline and process for 
understanding the concepts of, and determining soil resistivity.   

   
1.2 Scope 

This document presents the theory and methodology of soil 
resistivity testing, the equipment required, a detailed test procedure 
and forms. It also explains the use of the soil resistivity data in 
designing grounding systems to meet specific performance 
requirements.   

 
1.3 Introduction 

Soil resistivity data is the key factor in designing a grounding 
system for a specific performance objective.  All soil conducts 
electrical current, with some soils having good electrical 
conductivity while the majority has poor electrical conductivity.   
The resistivity of soil varies widely throughout the world and 
changes dramatically within small areas.  Soil resistivity is mainly 
influenced by the type of soil (clay, shale, etc.), moisture content, 
the amount of electrolytes (minerals and dissolved salts) and finally, 
temperature.  
When designing a grounding system for a specific performance 
objective, it is necessary to accurately measure the soil resistivity of 
the site where the ground is to be installed.  Grounding system 
design is an engineering process that removes the guesswork and 
“art” out of grounding.  It allows grounding to be done “right, the first 
time”.  The result is a cost savings by avoiding change orders and 
ground “enhancements”.   
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1.4 Theory 

The best method for testing soil resistivity is the Wenner Four 
Point method.  It uses a 4-pole digital ground resistance meter, 
such as the Megger 5/4 or the AEMC 4500 meters, probes, and 
conductors.   
It requires inserting four probes into the test area.  The probes are 
installed in a straight line and equally spaced (See Figure 1-1).  The 
probes establish an electrical contact with the earth.   
The four pole test meter injects a constant current through the 
ground via the tester and the outer two probes.  The current flowing 
through the earth (a resistive material) develops a voltage / 
potential difference.  This voltage drop resulting from the current 
flow is then measured between the two inner probes. 
The meter then knows the amount of current that is flowing through 
the earth and the voltage drop across the two center probes.  With 
this information the meter uses ohms law (R=E/I) to calculate and 
display the resistance in ohms  
This displayed resistance value is in ohms and must be converted 
to ohms-meter, which are the units of measure for soil resistivity.  
Ohms-meter is the resistance of a volume of earth that is one meter 
by one meter by one meter, or one cubic meter.   
To convert from the displayed ohms to ohms-meter, the meter 
reading is multiplied by 1.915 and the result multiplied times the 
probe spacing.  The following shows the calculation in a formula. 
 

 ρ (ohms-m) = 1.915 x R x A    

     ρ = soil resistivity in ohm-m (Ω-m ). 
     1.915 constant 
            R = digital readout in ohms (Ω). 
            A = distance between electrodes in ft. 
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1.4 Theory (continued) 

Readings are usually taken at probe spacings of 5, 10, 15, 20, 30, 
and 40, 60, 80 and 100 feet.   
If the testing is being performed for the purposes of ground 
potential rise (GPR) studies or for substation design, readings up to 
150 foot probe spacing should be performed.   
The calculated soil resistivity is the average of the soil resistivity 
from the surface to a depth equivalent to the probe spacing.  For 
example, a probe spacing of 20 feet between each probe will 
provide the average soil resistivity between the surface and a depth 
of 20 feet.   
 

Probe Spacing     Avg. Soil Resistivity 
          From Surface to: 
   5’         5’ 

10’       10’ 
20’       20’ 
30’       30’ 
40’       40’ 
60’       60’ 
80’       80’ 

       100’             100’ 

 
 
 
 
 
 
 
 
 
Several readings at the different probe spacings and at different 
areas of the site are required.  The more data available to the 
design agency, the more accurately they will be able to design and 
predict the grounding system performance.  The benefits to the 
customer are that the job is done “right the first time”.   
Readings should be taken along at least two sides of the site and 
diagonally from one corner to another.  A pipe or some 
underground structure could influence the readings.  The more data 
available and used in the design provides more confidence in the 
outcome.    
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Figure 1-1: Principle of Operation 

Voltage Drop 

C1 C2 
P1 P2

Ground Resistance Tester

   

Current Flow 

 
2. Testing Procedures 

2.1 Equipment Required 
 

• A 4-Pole Digital - Ground Resistance Tester 
• At least four probes 
• Four insulated wire conductors 
• Measuring tape 
• Hammer (to drive probes) 
• User’s Manual for Meter 
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2.2 Procedure 

The following procedure is generic and will work with all meters.  
The meter’s manual should be consulted for operational details.   
Step 1.  Verify that the metal strip between the meter’s C1 and P1 
terminals is disconnected (used for for 3-Point testing).   
Step 2.  Install the 4 test probes in the ground equally spaced in a 
straight line.  Generally the shorter spacing is done first (I.e. 5’).   
Step 3.  Using the conductors, connect the C1, P1, P2 and C2 
terminals to the electrodes.  The electrodes must be connected in 
order from the end, to the C1, P1, P2 and C2 terminals.  The test 
results will be invalid If the electrodes are not connected properly.   
Step 4.  Press the test button and read the digital display.  Record 
the reading on the worksheet at the appropriate location.  
If the reading is not stable or displays an error indication, double-
check the connections.  For some meters, the RANGE and TEST 
CURRENT settings may be changed until a combination that 
provides a stable reading without error indications is reached.∗ 
Also, an effective way of decreasing the electrode resistance to 
ground is by pouring water around it.  The addition of moisture is 
insignificant for the reading; it will only achieve a better electrical 
connection and will not influence the overall results.  Also a longer 
probe or multiple probes (within a short distance) may help.   
Step 5.  Place the probes at each of the spacings indicated above 
and record the readings on the worksheet (See Figure 2-1).  
Steps 1-5 of this procedure must be repeated at multiple locations 
on the site to obtain a reliable soil profile. 
Step 6. Fax, phone or email these readings to Lyncole Technical 
Services or insert the reading in the formula described earlier 
(p=191.5 X R X A) to obtain your soil resistivity readings.     
∗   NOTE: If an AEMC 4500 meter is used, first select the 

highest RANGE (20K-ohms) and the lowest test current (2 
ma).  When a resistance reading is displayed, adjust the 
RANGE to the lowest setting that still provides a stable 
reading without error indications. 
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 Procedure (continued) 
 

Stray currents, buried water pipes, cable sheaths and other 
factors may interfere and distort the readings.  Measurements 
should be taken along 3 directions at each site as a minimum.  
Sometimes this may not be feasible, but the more data that can 
be obtained, the more accurate the generated soil model will be. 

 

    Figure 2-1: Testing Layout  
 
 Building A Soil Resistivity Profile 
 
  

A minimum of 
3 “Lines” of 

testing should 
be performed.  

 
 Property line 
 
 

A minimum of readings from three areas (two along the 
sides and one through the center) is recommended.   

 
 
If you have any questions, do not hesitate to give us a call on the Lyncole 
Technical Services Hotline: (800) 962-2610. Fax: 310-214-1114. Email: 
support@lyncole.com. 
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Figure 2-2: Recording Soil Resistivity  
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Test Instrument: Serial Number: Calibration Date:
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1. General 
 

1.1 Purpose 
 

This document provides a procedure and explains the equipment 
operation for the Clamp-On resistance test and should be used as a 
guideline.    

 
1.2 Scope 
 

This document lists the procedures and equipment required to 
perform a Clamp-on test utilizing the AEMC Model 3711 / 3731 and 
the Megger Model DET10C / 20C.  The procedures and theory of 
operation are the same for all Clamp-On ground test meters.   

 
1.3 Introduction 
 

The Clamp-on Ground Resistance Tester is designed to measure 
ground rod and ground grid resistance without the use of the 
auxiliary electrodes.  It can also verify the continuity of the 
grounding connections and enable the evaluation of neutral currents 
or currents flowing to ground.  
 
The Clamp-On method was developed as an alternative to the Fall 
of Potential test and has some distinct advantages.  One benefit 
over the Fall of Potential method is that the Clamp-On test requires 
that the ground system be connected to the utility neutral, versus 
the requirement that it be isolated as with the Fall of Potential.  The 
ground system is normally connected to the utility neutral through 
the ground-neutral bond at the service entrance.  The isolation 
required by the Fall of Potential method is most often difficult or 
impossible but if not done will result in an invalid test.   
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1.4 Principle of Operation 
 

The typical site or facility has its own equipment grounding system 
which is connected to the utility multi grounding neutral conductor at 
the service entrance panel.  This grounded neutral from the power 
utility is common to all utility customers in the region with the result 
being that the neutral ties innumerable grounds together, all in 
parallel.  Because of the numerous parallel grounds, the effective 
earth resistance of the utility grounds at the low frequencies typical 
with power and testing, is virtually zero. (See Figure 1-1). 

 
The meter head contains two control transformers.  One transformer 
induces a small fixed voltage (at approximately 2khz) on the 
grounding conductor.  If a path exists, the voltage will result in 
current flow.  The path normally consists of the ground system 
under test, the utility neutral wire and the utility ground system, 
(figure 1-1).   
   
The second transformer in the meter head then senses the amount 
of current (a unique frequency) flowing in the path. The amount of 
current flow is determined by the voltage induced and the amount of 
resistance in the path.  The resistance is made up of the resistance 
of the ground system under test and the resistance of the utility 
neutral grounds.  The meter knows the amount of voltage it induces 
and measures the current on the path; it now has two unknowns of 
ohms law and simply reads out in resistance.  With the near “zero” 
grounding resistance from the utility side, the meter measurement 
shows the site ground resistance only.  
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Figure  1-1:  Principle of Operation 

 
 

Utility Neutral Line Neutral-
Ground 
Bond 

Grounding 
Conductor 

???Current Flow 

R = E/I 
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1.5 Advantages of Using the Clamp-On Hand Held Meter 

 
The Clamp-On meter offers many advantages over the traditional 
method of testing.  Much testing done with this method is invalid 
due to the operator not understanding the principles of operation 
and lack of training.  When properly utilized, the following are a 
minimum of benefits: 
 
•  No need to disconnect the utility or isolate the grounding 

system.  The meter can also be used with the equipment 
powered up.   

• No probes to be driven or long conductors to be utilized.     
• Access to large a area is not required.  
• Safe, non-contact measurement system reduces risk.    
• Easy to use, accurate, one step measurement.  

 
 

1.6 Determining The Correct Measuring Point 
 

Finding the proper location to install the Clamp-On tester can be 
challenging in some facilities or sites.  With a good understanding of 
the meter operation, the chances are much better that a successful 
test can be performed.  Refer to the operator’s manual for safety 
and other precautions.   

 
If the facility has a single point ground, normally determining the 
proper test point is very easy.  Also, if you are testing a single driven 
rod or other single electrode, it should be relatively easy.    
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1.6 Determining The Correct Measuring Point (Continued) 
 

Figure 1-2 illustrates one good and two bad locations to test with the 
Clamp-On meter.  Position 1 would not work because the path for 
the current flow caused by the meter would not be through the 
earth.  The current would flow to the air duct and most likely the air 
duct would have electrical contact with building steel which is tied to 
the bus bar.  It would essentially be a short circuit.  Position 2 also 
would not work due to the current flowing to the equipment which 
should be isolated from the floor.  It should read an open loop.  The 
current in Position 3 would go through the ground and return via the 
utility neutral grounds to the facility and grounding conductor.   

 
Caution 

 
The operating manual for the Clamp-On meter should be 

thoroughly reviewed prior to meter use.  Anytime work is performed 
involving electrical systems and / or equipment and subsystems  

extreme caution must be exercised and all appropriate  
precautions must be observed.   
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1.6 Determining The Correct Measuring Point (continued) 
 
 

` 

 

 

Equipment 

 

Figure 1-2 Test Location  
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Position 1  
 
 
 
 
 
 
 
 
 Position 3  
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2. Testing Procedures 
 

2.1 Setting up the Meter for Measurement 
 

• Check that the surfaces of the jaws are properly aligned and 
free from contamination. 

 
• Check the calibration of the meter with the calibration loop 

(provided by the meter manufacturer), ensuring that the 
readings are within the tolerances indicated in the user manual. 

 
2.2 Taking the Measurement 

 
• Rubber gloves are recommended for added safety. 

 
• Select the current option (A) on the meter and clamp around 

the conductor.  If the ground currents exceeds 5 A or noise 
exceeds 50 V, resistance measurements cannot be taken.  
Note this for maintenance. 

 
• Select the ground resistance option (Ω), clamp around the 

grounding conductor as described in Figure 1-2 for the reading.  
 

2.3 Interpreting the Results 
 

• The display indicates the correct resistance of the system under 
test.  Clamp-On meters will generally read accurately down to 
0.1 ohm or less.  It is very unusual to have a correct reading 
less than 1.0 ohm.  Not many ground systems are below two 
ohms, certainly without a design and construction effort.  If an 
unexpected low reading is observed the operating principles of 
the meter should be reviewed and the connection point should 
be reconsidered.  Low resistance grounds do exist, they are 
just pretty rare.     
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2.3 Interpreting the Results (Continued) 
 

• If the reading on the meter is <1 ohm, there may be a continuity 
loop present and the test may have been performed at an 
incorrect location.  Perform a visual inspection of the system 
under test to determine if any downstream neutral to ground 
bonds exist. 

 
• If the reading on the meter is OL (OverLoad) the system under 

test does not have a complete conductive path, or loop for the 
current to flow in.  
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Client: Copy To:
Project Name:
Conditions: Soil:
Test Completed By:
Test Method: Clamp-On Resistance Test
Test Instrument: Serial Number: Calibration Date:

Comments:

Test Point A:

Ω
Test Point B:

Ω
Test Point C:

Ω
Test Point D:

Ω
Test Point E:

Ω
Test Point F:

Ω
Test Point G:

Ω

Clamp-On Resistance Field Report

Testing Results:

Description of Systems Tested Current 
Measurement

Resistance
Measurement 

Where Grounding Bonds With Science TM

LEF-1002.01
TECHNICAL SERVICES

Lyncole Technical Services
3547 Voyager St. #104
Torrance, CA  90503
800-962-2610 Tel
310-214-1114 Fax
www.lyncole.com

*  This test measures ground currents, resistance to earth for ground electrodes and ground path 
resistance (determines whether or not the grounding conductor under test is electically continuous 
through a multiple grounding path).
                                                           CAUTION 
It is not common that ground resistance be under 2 ohms. If a low reading occurs, you 
should ensure that the meter is being used properly. If the reading is below 1 ohm, it is 
likely a reding of continuity, not ground resistance.

 Field Report Form 
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1. General 
 

1.1 Purpose 
The purpose of this document is to provide the ability to properly 
test an installed grounding system utilizing the Fall Of Potential 
method.  

 
  1.2 Scope 

This document lists the ground test meters, ancillary equipment and 
detailed procedures for performing a proper 3 Point Fall of Potential 
Test.  It also provides the ability to determine the validity of the test 
results and shows examples of proper and invalid test results. 

 
1.3 Introduction 

The Fall Of Potential method is the most recognized method for 
measuring the resistance to earth of a grounding system, or the 
ground system performance.  It is based on an IEEE standard and 
when properly performed, it is a very accurate test.   
Although most people recognize that grounding is required for 
personnel protection, the grounding system also serves as the 
basis for the electrical protection of your site or facility.  It 
determines the effectiveness of the lightning protection and surge 
suppression systems.  Without good grounding, these systems do 
not function.  Grounding also serves as the path for system noise to 
be dissipated from equipments.   
Grounding systems should be tested upon installation and then 
annually during their service life.  The initial testing establishes a 
performance baseline, confirms that the design specification is met 
and validates the quality of the installation.  Annual testing ensures 
the continued integrity of the system and provides protection 
against degradation prior to equipment damage or performance 
problems.   
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1.4 Theory 

In the fall of potential test, three points of ground contact are 
considered:  
1. The grounding system under test (X)   
2.  A current probe (Z) placed some distance from the ground 

system under test.   
3. A voltage probe (Y) that is inserted at various distances between 

the system under test and the current probe. 
Ideally the X-Z distance should be 10 times the ground rod length 
or grid width (i.e. 10 ft. rod, 100 ft. spacing).∗ 

 
Figure  1-1: Principle of Operation 
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1.4 Theory (Continued) 

∗Note: Lyncole’s experience has shown that the (Z) probe may be placed at 
a minimum 5 times the length of the ground rod under test (i.e.10 foot rod, 50 
ft spacing). If a grid is being tested, the minimum distance is 5 times the 
widest point of the grid. 
 However, always go 10 times if the space is available.  Evaluating the test 
results is the only way of validating the results and determining if the distance 
was adequate.  

With this method of test, the meter injects a current into the ground 
system under test (X).  The current flows through the earth to the 
remote current probe (Z) and returns to the meter.  As the current 
flows through the resistive material (earth) a voltage drop is 
created. This voltage drop is proportional to the amount of current 
flow and the resistance of the ground system to earth.  The voltage 
probe (Y) is used to measure this voltage drop.   The meter then 
knows both the amount of current flow and the resulting voltage 
drop.  It simply uses Ohm’s law to calculate and display the 
resistance.  
The resistance is measured at several locations moving the voltage 
probe (Y) at regular intervals, each of them equal 10% distance X-
Z. 
The resistance measurements are then plotted along with the 
distance between the ground system and the Y probe.  From this 
graph the actual ground system resistance can be determined 
along with the validity of the test.  See Figure 2-1, pg. 9. 
The grounding system must be electrically isolated for the 3 Point 
Test to be valid.  If not isolated, the readings will reflect all the 
grounding systems in the area hooked in parallel.  The reading will 
always be very low and have no bearing on the actual ground 
system resistance.  The result is not an inaccurate test, but an 
invalid one.  
The fall of potential method is the most reliable method of ground 
resistance testing.  However, in about 95 % out of the cases, the 
test is invalid because.  Once again, we have to emphasize the fact 
that this method is based on “ideal” test conditions including 
complete electrical isolation of the grounding system and proper 
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spacing of the current probe. 

1.4 Theory (Continued) 
It is also important to emphasize that this is a ground test, 
performed on a circuit controlled by many factors as well as by their 
interdependence and interference.  The current going into ground 
via a buried electrode is not following a straight line path as in a 
typical conventional electric circuit.  Fault current radiates in all 
directions around the electrode, but the pattern of dispersal 
depends of the surrounding soil and its environment.  
Considering all of these, it is strongly recommended to perform the 
test in at least two perpendicular directions.  If enough space is 
available for additional testing, more measurements will increase 
the accuracy of the soil model and will help eliminate the errors 
caused by nearby buried conductors, pipes or other metallic parts. 

 

Figure  1-2: Ground Resistance Testing 
 

 

           Remote  
   Current  
   Electrode
 
 
     

Neutral 

Current
 

 

Current 

LEP-1003                                                                                              Revised: 09/09/05 5



Ground System Testing (Fall of Potential Method)                       Lyncole XIT Grounding 
www.Lyncole.com 

 
  

2. Testing Procedures 
 2.1 Safety Warning Information 

  

There is a possibility that a fault on a power system will cause a 
current flow on the ground system while a test is in progress, 
causing unexpected high voltages on the current and voltage 
probes.  If a significant risk exists, it is recommended that the 
persons performing the test use protective rubber gloves and a 
rubber safety mat during the test. 
Note:  The grounding system must be electrically isolated 
during this test.  This should only be performed by qualified 
personnel and after permission is granted by all responsible 
personnel. 
Check for current on the ground before disconnecting.  Do 
not disconnect the ground of a live circuit.  Disconnecting the 
ground of a live circuit could cause severe injury or even 
death. 
 

 

 2.2  Equipment 
 

 A 4-Pole or a 3-Pole Digital - Ground Resistance Tester 
 At least three probes 
 Insulated wire leads 
 Tape measure 
 Hammer (to secure probes into earth) 
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2.3  Procedures 
 

Note 1:  In order for the test to provide valid results, the ground 
system must be de-energized and disconnected from the utility 
neutral system.  Any connections that could provide a path to the 
utility neutral must be disconnected.  
Note 2:   Check your operator’s manual for detailed meter 
operation.  
 
1) Isolate the grounding grid under test from all other 

supplemental grounds (i.e. water pipes, building steel, etc.). 
Also disconnect any neutral connections and all telco. 

2) If a 4-pole ground resistance meter is used, some meters 
require a connection between the C1 and P1 terminals.  If a 
3-pole ground resistance meter is used, no connection 
between the terminals is required. 

3) Connect the C1 connection to the ground rod or system to 
be tested. 

4) Install the current probe (Z) at a distance equal to 5-10 
times the length of the ground rod or 5-10 times the 
diagonal distance of the ground grid under test.  If a ring or 
grid is being tested, the distance must be measured from 
the outer edge of the ring.  The probe must have good 
contact with the earth.  Connect this probe to the C2 
connection on the meter. 

5) Install the voltage probe (Y) at approximately 3% of the 
distance from the ground system and the (Z) probe.  The 
(Y) probe must be in line with the ground and the (Z) probe. 
 Connect the probe to the P2 connection on the meter. 

6) Push button to activate the meter.  When a measurement is 
shown, allow the reading to stabilize and record the reading 
in the chart of page 11. 
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Procedures (Continued) 
7) Move the (Y) probe to 10% of the distance between ground 

system and (Z).  Test as in step 6 and record the results in 
a chart as on page 11.  Repeat this step (moving the probe 
at 10% intervals) until the 90% distance is reached.   

8) Once all the readings have been recorded, plot a graph with 
the measured resistances as the y-axis.  The distance from 
the (X) probe is the x-axis.  At approximately 62% of the 
total distance, a plateau or “flat spot” should be noticeable 
in the plot.  The resistance at this plateau is the resistance 
of the system under test.  If there is no leveling of the plot, 
then the test is to be considered invalid since the (Z) probe 
is not far enough from the (X) probe.  If the plateau is very 
low and flat, then the test is considered invalid and most like 
still has an intentional or unintentional neutral connection.  
See Figures 2-1, 2-2, 2-3, pgs.9-10. 

9) If difficulty is encountered in obtaining readings, it is most 
likely caused by a high probe to earth resistance.  Pouring 
water or Gatorade on the probes sometimes helps.  This will 
not have any significant effect on the reading.  

10) If available installing longer probes that provide a more 
surface contact may also help.  Some meters have less 
difficulty overcoming the probe to earth resistance than 
others.  

11) Perform additional testing in at least one perpendicular 
direction.  The readings should be averaged.   

∗Note: If a AEMC 4500 meter is used, first select 2 mA on the Test Current 
selector, set the Range to 20 kOhms and press the Test button.  If the display 
blinks, lower the range until it blinks again.  Then increase the Range one 
setting.  If the display never stops blinking, increase the Test Current to 10 mA 
and start again.  If the pointer appears in the upper left corner of the display, 
there is excessive electrode resistance and transient noise.  Check all the 
connections if this occurs.  If the measurement is over the range of the meter, 
the display will read “1” of the display will blink and the indicator in the upper 
left corner will be lit.  Increase the Range or Test Current, as needed.  Also 
check for proper cable connections and probe contact with the soil.  
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Figure 2-1 Valid Test Graph 
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Figure 2-2 Invalid Test Graph 1 
 
 
 
 
 
 
 
 
 
 

Invalid Test Graph – No Plateau 
 
Not enough distance between  
Ground System and the  
Z probe 

Measured 
Resistance 

Of The 
System

 Y Probe Distance
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Figure 2-3 Invalid Test Graph 2 
 

Invalid Test Graph 
 
Neutral not 
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Fall-of-Potential Ground Resistance Field Report

COMPANY CONFIDENTIAL

Date of Test:
Client: Copy to:
Project Name:
Conditions: Soil:
Test Location:
Test Completed by:
Test Method: Fall-of-Potential
Test Instrument: Serial Number: Calibration Date:
Testing Layout:

Test
Data

% Ft. ⎝

1 ft
10%
20%

30%
40%

50%
60%
70%
80%
90%

C2 Total 1Ft 10% 20% 30% 40% 50% 60% 70% 80% 90% C2

Additional Notes:

LEF-1003.01

Project Number:

(Probe P2 Distance From Ground Grid)

Where Grounding Bonds With Science TM

Testing Results:

R

Distance
From Grid

TECHNICAL SERVICES

Lyncole Technical Services
3547 Voyager St. #104
Torrance, CA  90503
800-962-2610 Tel
310-214-1114 Fax
www.lyncole.com
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