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1. Scope

1.1 Purpose and Application—This guide summarizes the
equipment, field procedures, and interpretation methods for the
assessment of subsurface materials using the metal detection
method. Metal detectors respond to the presence of both
ferrous and nonferrous metals by inducing eddy currents in
conductive objects. Metal detectors are either frequency do-
main (continuous frequency or wave) or time domain (pulsed)
systems. A wide range of metal detectors is commonly avail-
able.

1.1.1 Metal detectors can detect any kind of metallic mate-
rial, including both ferrous metals such as iron and steel, and
non-ferrous metals such as aluminum and copper. In contrast,
magnetometers only detect ferrous metals.

1.1.2 Metal detector measurements can be used to detect the
presence of buried metal trash, drums (Tyagi et al, 1983) (1)?
and tanks, abandoned wells (Guide D6285); to trace buried
utilities; and to delineate the boundaries of landfill metal and
trench metal. They are also used to detect metal based
unexploded ordnance (UXO).

1.1.3 Benson (1982) (2) and U.S. EPA (1993) (3) provide an
overview of metal detectors.

1.2 Limitations:

1.2.1 This guide provides an overview of the metal detec-
tion method. It does not provide or address the details of the
theory, field procedures, or interpretation of the data. Refer-
ences are included for that purpose and are considered an
essential part of this guide. It is recommended that the user of
this guide be familiar with the references cited and with the
ASTM standards D420, D653, D5088, D5608, D5730, D5753,
D6235, D6429, and D6431.

1.2.2 This guide is limited to metal detection measurements
made on land. The metal detection method can be adapted for
a number of special uses on land, water, airborne and ice.

1.2.3 The approaches suggested in this guide for the metal
detection method are commonly used, widely accepted, and
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proven. However, other approaches or modifications to the
metal detection method that are technically sound may be
substituted.

1.2.4 This guide offers an organized collection of informa-
tion or a series of options and does not recommend a specific
course of action. This document cannot replace education,
experience and should be used in conjunction with professional
judgment. Not all aspects of this guide may be applicable in all
circumstances. This ASTM standard is not intended to repre-
sent or replace the standard of care by which the adequacy of
a given professional service must be judged, nor should this
document be applied without consideration of a project’s many
unique aspects. The word “Standard” in the title of this
document means only that the document has been approved
through the ASTM consensus process.

1.3 The values stated in SI units are regarded as standard.
The values given in parentheses are inch-pound units, which
are provided for information only and are not considered
standard.

1.4 Precautions:

1.4.1 It is the responsibility of the user of this guide to
follow any precautions in the equipment manufacturer’s rec-
ommendations and to establish appropriate health and safety
practices.

1.4.2 If the method is used at sites with hazardous materials,
operations, or equipment, it is the responsibility of the user of
this guide to establish appropriate safety and health practices
and to determine the applicability of any regulations prior to
use.

1.4.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use.

2. Referenced Documents

2.1 ASTM Standards:?
D420 Guide to Site Characterization for Engineering De-
sign and Construction Purposes

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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D653 Terminology Relating to Soil, Rock, and Contained
Fluids

D3740 Practice for Minimum Requirements for Agencies
Engaged in Testing and/or Inspection of Soil and Rock as
Used in Engineering Design and Construction

D5088 Practice for Decontamination of Field Equipment
Used at Waste Sites

D5608 Practices for Decontamination of Field Equipment
Used at Low Level Radioactive Waste Sites

D5730 Guide for Site Characterization for Environmental
Purposes With Emphasis on Soil, Rock, the Vadose Zone
and Ground Water

D5753 Guide for Planning and Conducting Borehole Geo-
physical Logging

D6235 Practice for Expedited Site Characterization of Va-
dose Zone and Ground Water Contamination at Hazardous
Waste Contaminated Sites

D6285 Guide for Locating Abandoned Wells

D6429 Guide for Selecting Surface Geophysical Methods

D6431 Guide for Using the Direct Current Resistivity
Method for Subsurface Investigation

D6639 Guide for Using the Frequency Domain Electromag-
netic Method for Subsurface Investigations

D6820 Guide for Use of the Time Domain Electromagnetic
Method for Subsurface Investigation

3. Terminology

3.1 Definitions—See Terminology D653. The majority of
the technical terms used in this document are defined in Sheriff
(1991) (4), and Bates and Jackson (1997) (5).

4. Summary of Guide

4.1 Summary of the Method—A metal detector uses either a
pulsed or an alternating current in a transmit coil to generate a
time varying magnetic field around the coil. This primary
magnetic field induces eddy currents in buried metal which in
turn, induces a voltage in a receiver coil, which, when
amplified, reveal the presence of buried metal.

4.2 Complementary Data—Data from other surface geo-
physical methods (see Guide D6429) such as electromagnetics
(Guides D6639 and D6820) and ground penetrating radar
(Guide D6432) may be useful in fully evaluating buried metal
response. Geologic data obtained from other complementary
geological or surface geophysical methods (Guide D6429) and
borehole geophysical methods (Guide D5753) may be neces-
sary to help interpret and assess subsurface conditions.

5. Significance and Use

5.1 Concepts:

5.1.1 This guide summarizes the equipment, field proce-
dures, and interpretation methods for using the metal detection
method for locating subsurface metallic objects. Personnel
requirements are as discussed in Practice D3740.

5.1.2 Method—Metal detectors are electromagnetic instru-
ments that work on the principle of induction, using typically
two coils (antennas); a transmitter and a receiver. Both coils are
fixed in respect to each other and are used near the surface of
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the earth. Either an alternating or a pulsed voltage is applied to
the transmitter coil causing electrical eddy currents to be
induced in the earth. The electrical currents flowing in the earth
are proportional to electrical conductivity of the medium.
Theses currents generate eddy currents in buried metallic
objects that is detected and measured by the receiver (Fig. 1).

5.2 Parameter Measured and Representative Values:
5.2.1 Frequency Domain Metal Detectors:

5.2.1.1 Frequency domain metal detectors apply an alternat-
ing current having a fixed frequency and amplitude to the
transmit coil which generates a time-varying magnetic field
around the coil. This field induces eddy currents in nearby
metallic objects that in turn generate time-varying magnetic
fields of their own. These eddy-fields induce a voltage in the
receiver coil. The presence of metal causes small changes in
the phase and amplitude of the receiver voltage. Most metal
detectors amplify the differences in the receiver coil voltage
caused by nearby metal and generate an audible sound or meter
(analog or digital) reading.

5.2.1.2 Ground conductivity meters (frequency domain
metal detectors) measure the two-components of the secondary
magnetic field simultaneously. The first is the quadrature-phase
component which indicates soil electrical conductivity and is
measured in millisiemens per meter (mS/m). The second is the
inphase component, which is related to the subsurface mag-
netic susceptibility and is measured in parts per thousand (ppt)
(that is, the ratio between the primary and secondary magnetic
fields).

(1) Conductivity Measurements (Quadrature-Phase
Component)—Metallic objects within a few feet of the surface
will cause induced magnetic field distortions that will result in
zero or even negative values of measured conductivity. Deeper
metallic objects will cause less field distortion and lead to
measured conductivities which are abnormally high in com-
parison to site background values.

(2) Inphase Component—Inphase measurements are more
sensitive to metal than conductivity measurements. Thus,
inphase anomalies may indicate the presence of metal at a
greater depth than the conductivity measurements.

5.2.2 Time Domain Metal Detectors:

5.2.2.1 In time domain metal detectors, a transmitter gener-
ates a pulsed primary magnetic field in the earth. After each
pulse, secondary magnetic fields are induced briefly from
moderately conductive earth, and for a longer time from
metallic targets. Between each pulse, the metal detector waits
until the response from the conductive earth dissipates, and
then measures the prolonged buried metal response. This
response is measured in millivolts (mV).

5.3 Equipment—Metal detectors generally consist of trans-
mitter electronics and transmitter coil, power supply, receiver
electronics and receiver coil. Metal detectors are usually single
individual portable.

5.3.1 Typical “treasure-hunter” metal detectors provide an
audible signal and/or meter reading (analog or digital) when
metal is detected.
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FIG. 1 Simplified Block Diagram of a Metal Detector System (Tyagi et al, 1983) (1)

5.3.2 Quadrature and inphase measurements from ground
conductivity meters are shown either on analog or digital
meters. These measurements can often be recorded digitally in
the field using a small field recorder, strip-chart recorder, or
computer.

5.3.3 Time domain metal detectors can consist of either one
or two receiver coils. When two coils are used, one coil is
typically placed above the other. Readings from both coils are
recorded simultaneously. In order to improve detection of
deeper metallic targets, the differential response from the two
receiver coils can be used to suppress the response from
smaller, shallower metallic targets. Some time domain metal
detectors are mounted on wheels, allowing for the use of
odometers to provide location data.

5.4 Limitations and Interferences:
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5.4.1 General Limitations Inherent to Geophysical Meth-
ods:

5.4.1.1 A fundamental limitation of all geophysical methods
is that a given set of data cannot be associated with a unique set
of subsurface conditions. In most situations, surface geophysi-
cal measurements alone cannot resolve all ambiguities, and
some additional information, such as borehole data, is required.
Because of this inherent limitation in the geophysical methods,
a metal detector survey alone can never be considered a
complete assessment of subsurface conditions. Properly inte-
grated with other geologic information, metal detector survey-
ing is a highly effective method of obtaining subsurface
information.

5.4.1.2 In addition, all surface geophysical methods are
inherently limited by decreasing resolution with depth.
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