ANSI/IEEE Std 81-1983
(Revision of IEEE Std 81-1962)

An American National Standard

IEEE Guide for Measuring Earth
Resistivity, Ground Impedance, and
Earth Surface Potentials of a Ground
System

Sponsor

Power System Instrumentation and Measurements Committee
of the

IEEE Power Engineering Society

Approved Septemberl7, 1981
IEEE Standards Board

Approved September 4, 1984
American National Standards Institute

© Copyright 1983 by
Thelnstitute of Electrical and Electronics Engineers, Inc
345 East 47th Street, New York, NY 10017, USA

No part of this publication may be reproduced in any form, in an electronic retrival system or otherwise, without the
prior written permission of the publisher.



|EEE Standards documents are devel oped within the Technical Committees of the IEEE Societies and the Standards
Coordinating Committees of the IEEE Standards Board. Members of the committees serve voluntarily and without
compensation. They are not necessarily members of the Institute. The standards developed within IEEE represent a
consensus of the broad expertise on the subject within the Institute as well as those activities outside of IEEE which
have expressed an interest in participating in the development of the standard.

Use of an IEEE Standard iswholly voluntary. The existence of an | EEE Standard does not imply that there are no other
ways to produce, test, measure, purchase, market, or provide other goods and services related to the scope of the IEEE
Standard. Furthermore, the viewpoint expressed at the time a standard is approved and issued is subject to change
brought about through developments in the state of the art and comments received from users of the standard. Every
|EEE Standard is subjected to review at least once every five years for revision or reaffirmation. When a document is
more than five years old, and has not been reaffirmed, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE Standard.

Commentsfor revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments.

Interpretations. Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of |EEE, the Institute will initiate
action to prepare appropriate responses. Since | EEE Standards represent a consensus of all concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason
| EEE and the members of itstechnical committees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, | EEE Standards Board
345 East 47th Street

New York, NY 10017

USA



Foreword

(This Foreword is not a part of IEEE Std 81-1983, |IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and Earth
Surface Potentials of a Ground System.)

In order to increase its practical usefulness, this guide has been divided into two parts. Part |, Normal Measurements,
covers the majority of field measurements which do not require special high-precision equipment and measuring
techniques, and which do not encounter unusual difficulties such as may be found with extensive grounding systems,
abnormally high stray ac or de currents, etc. Part | has been extensively revised and updated. Part 11, Special
Measurements, is to be completed in the future. This part is intended to describe the methods of measurements
applicable when unusual difficulties make normal measurements either impractical or inaccurate. Very large power
station ground grids and counterpoises of transmission lines are examples of such grounding systems.

This guide was prepared by the Earth Resistivity, Ground Impedance, and Earth Surface Potential ,Measurement
Working Group of the RLC Subcommittee, Power System Instrumentation and Measurements Committee. The
working group's members at the time the guide was prepared were:

D. Mukhedkar, Chair
F. Dawalibi, Secretary

G.Y.R. Allen W. G. Finney A. C. Legates
M. J. Anna J. L. Hayest R. Malewski
E. B. Curdtst R. Hall H. C. Ramberg
R. D. Crosier R. J Heh B. Stanleigh
W. K. Dick J. F. Laidig F. P. Zupa
tDeceased
W. J. Lyon (Liaison member W. K. Switzer (Liaison with
with 80-1976.) Substations Committee.)

When the |EEE Standards Board approved this standard on September 17, 1981, it had the following membership:

I. N. Howell, Jr, Chair
Irving Kolodny, Vice Chair
Saral. Sherr, Secretary

G.Y.R. Allen Jay Forster F. Rosa

J. J. Archambault Kurt Greene R. W. Seelbach

J. H. Bedll Loering M. Johnson J. S. Stewart

J. T. Boettger Joseph L. Koepfinger W. E. Vannah
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IEEE Guide for Measuring Earth
Resistivity, Ground Impedance, and
Earth Surfact Potentials of a Ground
System

Part | Normal Measurements

1. Purpose

1.1

It isthe purpose of this guide to describe and discuss the present state of the technique of measuring ground resistance
and impedance, earth resistivity, potential gradients from currents in the earth, and the prediction of the magnitudes of
ground resistance and potential gradients from scale model tests. Factors influencing the choice of instruments and the
techniques for various types of measurements are covered. These include the purpose of the measurement, the
accuracy required, the type of instruments available, possible sources of error, and the nature of the ground or
grounding system under test.

1.2
The guide is intended to assist the engineer or technician in obtaining and interpreting accurate, reliable data. It

describes test procedures which promote the safety of personnel and property, and prevent interference with the
operation of neighboring facilities.
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2. Scope
2.1
The testing methods covered in this guide include:
1) The measurement of the resistance and impedance to earth of electrodes varying from small rods and plates
to large grounding systems of stations.
2) Ground. potential surveys, including the measurement of step and touch voltages, and potential contour
surveys.
3) Scale-model tests for laboratory determination of the ground resistance and potential gradients for an

idealized design.
4) The measurement of earth resistivity.

2.2
The methods covered herein are limited to those using direct current, periodically reversed direct current, alternating

sinusoidal current and impulse currents (for measuring transient impedances). This guide does not propose to cover all
possible test signals and test methods.

2.3
Extreme precision is not aways possible because of the many variables encountered; therefore, the measurements

should be carefully made by the most suitable method available, with athorough understanding of the possible sources
of error.

3. Objectives of Tests

3.1

Measurements of ground resistance or impedance and potential gradients on the surface of the earth due to ground
currents are necessary to:

1) Verify the adequacy of a new grounding system
2) Detect changesin an existing grounding system

3) Determine hazardous step and touch voltages
4) Determine ground potential rise (GPR) in order to design protection for power and communication circuits.

3.2

Scale-model tests are useful in studying or devel oping new designs for grounding systems which cannot be adequately
studied by analytical methods (complex shape or complex soil structure).

3.3
Earth resistivity measurements are useful for:
1) Estimating the ground resistance of a proposed substation or transmission tower

2) Estimating potential gradientsincluding step and touch voltages
3) Computing the inductive coupling between neighboring power and communication circuits
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