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n will briefly discuss the principles of
operation e practical applications of electromagnetic
(EM) systems manufactured by Geonics Limited as they relate
to agricultural investigations. A review of all soil conductivity
models currently available through Geonics will also be made.
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. . A Look at some Historical Electromagnetic
The Best Proximal Geophyswal Induction Systems Manufactured by

Detector Ever! : Geonics Limited

EM15 & EM15-MK2 (Compact |!
Personal Electromagnetic Detector)

EM15 produced in 1963 & EM15-MK2 in 1965 e
Operating Frequency 15 kHz

Coil separation 83 cm, null coupled by being
parallel at 35 degrees from vertical

Depth penetration 15m for large good
conductor

Used to distinguish between a conductor
(sulphide minerals, metals) and magnetically
permeable bodies (magnetite, pyrrhotite)
Meter would display +ve ( ) for conductor
and —ve (B]u=) magnetic permeable body




Wency Domain
-
-
The tranﬁtter current The transmitter current,
varies sinusoidally with while still periodic, is a
time at a fixed frequency  modified symmetrical sq
wave.

Time Domain

pepwveNmeasure directly? @

ic field may be"defined in terms of four vector
._Iunctions d B, where:

—
E is the electrical field in V/m.

Dis tric displacement in Coulomb/m2.
H is the tic field intensity in A/m.

B is the magnetlcﬁd‘tlon in Tesla.
J is the current i

The operation of all Geonics instrumentation is controlled by the
Following two Laws of Physics which form part of Maxwell’s Equations

1. Faraday’s Law ectric Field (Voltage) can be generated by

E = -dB/dt

a time varying electi ield can
eld

- —
Faradays Law of Induction

Graphical animations of
Maxwell’s circulation,
time-varying, curl
equations

Ampere’s Law

an.be used to induce, or create, an electromotive force
' if can drive an electric current. Electromagnetic induction is the
ieration of most of the electricity that is produced in the worlc
Electromagnetic ind&mcan also be used to change or transform an emf (a
i

voltage). It is us i ces called transformers that increase or decrease
the voltage, of a ernating current power supply.

The direction of the force on a positively-charged particle is defined by a
right hand rule, illustrated in the diagram above. Note that the magnetic field
in the illustration is oriented parallel to the screen and the velocity is
downward so that we can show the thumb and fingers clearly

-

Control panel

P

magnelc el Gunbnoopein ™ """ (Corwin 2011)
ground created by H,

Where the subsurface is homogeneous there is no difference between
the fields propagated above the surface and through the ground (only
slight reduction in amplitude). If a conductive anomaly is present, the
magnetic component of the incident EM wave induces alternating
currents (Eddy currents) within the conductor. The eddy currents
generate their own secondary EM field which travels to the receiver.




PIRCIPIETofi Operation

ConEICHVItY Meters)

r .(derstandi Nierminology of Data Output for

Receiv detects the primary field which travels through the air.

Receiver nes then to the resultant of the arriving primary and
secondary fields. > -

Consequently, ﬁ measured response will differ in both Phase and
Amplitude relative to the unmodulated primary field.

Differences between the transmitted and received electromagnetic
fields reveal the presence of the conductor and provide information
on its geometry and electrical properties

Two components measured are :
= Quadrature component nductivity (mS/m)
n-phase component = Magn ibility (ppt)

,; [EAGtors, that affect
§ ﬂﬁl Eonductivity

soil properties include:
%atgr Content

SojliTexture
Soilferganic Matter
Deptiito Claypans
Cation Exchange Capacity (CEC)
Salinity’
Exchangeable Ca and Mg
Water Holding Capacity of Soil

Elricaﬁ Riimciple of Operation @

e
Amplitude

Primary EM

Field Response

Transmitter Coil

Secondary EM
Field Response
(Quad-phase)

EROUND CONDUCTIVITY
S VETERS

TEVBIL-MK2
ENV31-SHi
EmMaH
EM38-DD
EM38-MK2
EM34-3
EM34-3XL

NIVVEIRIGRETIES measured by @
AllNE INCoRductivity Meters

.

“o—-

Apparent @nductivity (mS/m) = Quadrature
Compunenteff EM Eield
Magnetic'susceptibility (ppt) = Inphase
Compoenent: of EM Field




IoErSiending the Measurement @ ot .
d s LY ~ Condlictivity Meters
ﬂ ‘ Is1Tﬁ|a1?g;e:|/l,:é::2|i::‘:: ns;ll:]];)m'(m‘Z./m) which is ‘

-
The displayed re&g ofthe EM38 is in mS/m which can be converted Changing ol separation distance
ell:

to the TS Chianging)therdipole: mode or rotating of coils

Symbol most often used for Conductivity is the Greek letter Sigma = O Changing frequencies

Symbol most often used for Resistivity is the Greek letter Rho = p

(¢} (mS/m) = lOUO/p(C)hm) m)

1 mS/m = 0.01mS/cm and 1 dS/m = 0.01 x (mS/m)

Vertical Distribution of EM

RESPONSE AS A FUNCTION OF DEPTH

Vertical Dipole Mode Horizontal Dipole Mode 38
(VOM) ( .qu EM38 Model

Depth = 1.5 x coil separation Depth = 0.75 x coil separation

= ollfSchematic and ~ ollfSchematic and
‘DepM#E@Ioratlon in V-mode =2 ‘DeprPIoratlon in H-mode

.
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R R Rx2 b P01~ RX2

Surface Surface

Coil Separation = 1m and 0.5m
Operating Frequency = 14.5 kHz
V-mode Depth Exploration = 1.5m and 0.75m

Coil Separation = 1m and 0.5m
Operating Frequency = 14.5 kHz
H-mode Depth Exploration = 0.75m and 0.38m




¢hematic and Depth

'@mo;ation in H-mode
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Coil Separation = 4m
Operating Frequency = 9.8 kHz
H-mode Depth Exploration = 3m

chiematic and Depth

s c@{-ﬂoratlon in V-mode

h —4m—Rx
—
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- I " Surface

6m

Coil Separation = 4m
Operating Frequency = 9.8 kHz
V-mode Depth Exploration = 6m




ENBSZESICIl Schematic and
W#Ex‘ploration in V-mode

40m —>
0m =—>

Coil positions Rx console

|

Surface

Coil Separation = 10m, 20m and 40m
Operating Frequency = 6.4kHz, 1.6kHz and 0.4kHz
V-mode Depth Exploration = 15m, 30m and 60m

‘Back.to Shiallow EM &
EIgESsTE popular
Agipculttral Product

Line

] ellfSehematic and
» DepWﬂExploration in H-mode

P 40m —>

m Na&lala enle

M Coil positions Rx console
;

Z
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Surface

Coil Separation = 10m, 20m and 40m
Operating Frequency = 6.4kHz, 1.6kHz and 0.4kHz
V-mode Depth Exploration = 7.5m, 15m and 30m

The new EM38-MK2 Ground Conductivity Meter effectively combines
the performance features of all previous EM38 models in a single
instrument: The EM38-MK2 provides measurement of both the quad-
phase (conductivity) and in-phase (magnetic susceptibility) components,
within two distinct depth ranges, to a maximum effective depth of 1.5 m,
all simultaneously.




In addition, new standard features and options each provide additional
benefits: integrated Bluetooth functionality provides the option of
wireless data transmission; a power input connector allows for the use
of external power sources; a rechargeable external battery pack extends
the duration of instrument operation; and a portable calibration stand
provides the convenience of an automated calibration.

hilierCalibration of =
Geonics Linnficefeigeliigle
eV Vieters

[ Inph I/P) Nulli
msm itial Inphase (I/P) Nulling

receiver electronics to measure the very small signal from the
eddy currents in the'presence of the much larger signal arising from the primary
magnetic field. To fi this measurement an internally generated signal is
used to cancel or I** the large primary signal so that it does not overload the
electronic circuitry. “To null the EM38-MK2, lift the instrument to a height of
about 1.5 m above the ground and place in the horizontal dipole mode of operation
). Now null the I/P display to indicat

Control panel

giiglefthier Calibration of =
Geon 5 lelted Ground
. du’ctivity Vieters
str ument Zero (Continued)
Therespo

€ instruments with height results in the following being true: at
an instrument height'of 1.5 the intercoil spacing (or greater), the vertical dipole
response will be equal ice the horizontal dipole response. In setting the zero,
the operator will jionally find that, on rotating the EM38-MK2 from the
horizontal dipole position Hto the vertical dipole mode V the meter reading does
not change, i.e., V=H. The answer to this puzzle is that the ground is so resistive
that at 1.5 meters height the EM38 r responds to the conductivity.

silggrtherCalibration of =
GeOI ics lelted Ground
wdu’ctivity Vieters

1.Initial Inphase (1/P) Nulling
-

2. Instrument Zero or True Calibration

3.Final Inphase (1/P) Nulling

silgertherCalibration of =
Geon ics lelted Ground
du’ctlwty Meters
2. Instrument Zero

Calibrati nductivity meters to a known value (conductivity) is analogous
to nulling or zeroing the instrument. The most accurate method of calibrating the
instrument would bé o raise the instrument to a height where it no longer
responds to the g id’s conductivity and adjust the instrument response to be
zero. This procedure becomes impractical, however, with instruments other than
the EM38’s or EM38-MK2.

Control panel

BRE Calibration of S
Georics BigitediGround
lfCt|V|ty Vieters

Final'lnphase Nulling
Unfortun; magnetic susceptibility of soils causes an additional signal to be

picked up by the receiver coil when the EM38-MK2 is located close to or is lying
on the surface of thi . The additional signal is dealt with by simply placing
the instrument on ground in the appropriate position and the residual signal
arising from the magnetic susceptibility is nulled out exactly as previous.

THmS (magnetic susceptibility from ground)

Control panel
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Hp + Hi + Hms




B sleds &

. ‘Tj;allers

i sl Sled w/
Dual-dipole EM-38

=Y A plIications _ "
Crounawater Exploration & Contamination
PrecisionvAgicllture/soill Salinity

Envirenmienteal hazards (ie drums, waste
containers; USi’s, and UXO’s)

Pipelines, Utilities & Landfill Boundaries
Buried trenches & pits

Historical structures and artifacts
Turfgrass







