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INTRODUCTION

This manual supplies users of the EM38-MK2 with operating information and some theoretical
results to assist in the planning and interpretation of geophysical surveys. Additional
information can be found in Geonics Technical Note TN-5, which outlines the factors affecting
soil and rock conductivity, and Technical Note TN-6, which describes the general theory of
terrain conductivity mapping using inductive electromagnetic techniques.

The EM38-MK2 provides simultaneous measurements of ground conductivity (Quad-Phase) and
magnetic susceptibility (In-Phase) with two transmitter receiver coil separation at 1 m and 0.5 m,
for 3 effective depth ranges; 1.5 m and 0.75 m in vertical dipole mode and two ranges, 0.75 m
and 0.38 m, in horizontal dipole mode.

The instrument simultaneously measures 4 components; Quad-Phase and In-Phase for both 1 m
and 0.5 m coil separations and provides 4 component output to a digital recorder (optional)
connected to RS-232 port.

The EM38-MK2-1 provides simultaneous measurements of ground conductivity (Quad-Phase)
and magnetic susceptibility (In-Phase) with one transmitter receiver coil separation at 1 m for 2
effective depth ranges; 1.5 m in vertical dipole mode and 0.75 m in horizontal dipole mode.

The instrument simultaneously measures 2 components; Quad-Phase and In-Phase and provides
2 component output to a digital recorder (optional) connected to RS-232 port.

For monitoring purposes, or measurement without a digital recorder, two meters on the front
panel, duplicated by two meters on the side of the instrument, can be used to monitor results of
two measured components depending on the setting of the mode switch in the following way:

Quad-Phase (Q/P) for 1 m separation i )
In-Phase (I/P) for 1 m separation for EM38-MK2-1
b QP Quad-Phase (Q/P) for 0.5 m separation

Quad-Phase (Q/P) for 1 m separation | for EM38-MK2

In-Phase (I/P) for 0.5 m separation

¢ P In-Phase (I/P) for 1 m separation

d) 05m Quad-Phase (Q/P) for 0.5 m separation
' In-Phase (I/P) for 0.5 m separation i
See Figure A




EM38-MK2 OPERATING INSTRUCTIONS

Operator should follow the steps outlined below or as an alternative, and more theoretical
procedure follow Sections 2.2 to 2.5

1. EM38 OPERATING INSTRUCTIONS - Simplified Method

The following procedures are used to prepare the EM38-MK2 for survey operation. The
suggested time interval between the various procedures are typical values; under adverse
conditions they may have to be carried out more often and under good conditions less often, as
dictated by survey experience. Since the procedure is similar for both coil separations, only the
procedure for the 1 m coil separation will be described (with some exceptions).

11 Battery Test

The battery test should be carried out at the beginning of each day or when the battery voltage is
suspected of being low. Check the battery voltage by setting the mode to BAT. The displayed
reading on the display meters will be between 1500 and 720 for a good battery. If outside this
range replace battery.

To remove the battery, undo two thumb screws holding the cover of the battery compartment at
the bottom of the front panel. A Mallory MN1604 9-volt Alkaline battery or equivalent gives
about 5 hours of continuous operation. For longer service (about 12 hours) we recommend an
ENERGIZER-L522 9-volt Lithium battery.

The following steps are used to prepare the EM38-MK?2 for survey operation.

1.2 Calibration Method for
Instrument Zero

This calibration should be carried out two times per day unless the ground is very resistive in
which case you would repeat it more often. Before calibration, especially if the instrument is
exposed to a large temperature change prior to calibration, leave the instrument outside to
stabilize for about five minutes.

IMPORTANT! Because of the high sensitivity of the EM38-MK2 it is advisable to remove all
metal objects from wrists, fingers, neck and pockets during the calibration procedure. Sensitivity
to metal objects, which is discussed in Section 2 is greatest near the coils at either end of the
instrument.

Turn instrument on by setting the MODE switch to "1 m" (.5 m” for 0.5 m coil separation) and
follow proceeding steps for each coil separation.




Step 1

With the instrument in the air and in the horizontal dipole mode of operation (Fig. 1), set the Q/P
and I/P readings to zero.

Step 2

Now adjust the Q/P zero control so that an arbitrary value (i.e H=10 mS/m) appears on the
display, for Q/P reading. Rotate the EM38-MK2 to the vertical dipole mode and note the reading
(hypothetically V=16 mS/m). Subtract the horizontal dipole reading from the vertical (V-H=6
mS/m).

Step 3

Finally, with the instrument still in the horizontal dipole mode, rotate the Q/P zero control until
the display reads the value calculated in step 2. In this example it would be 6 mS/m. Now when
you rotate the EM38 to the vertical dipole mode the reading should be 12 mS/m.

NOTE:

With the instrument at least 1.5 meters above ground or higher, the Q/P reading or conductivity
should always satisfy the following equation:

V=2H

where V = vertical dipole mode reading
and
H = horizontal dipole mode reading

Vertical
Dipole Mode

Horizontal
Dipole Mode

Fig. 1

If 0.5 m coil separation is used, set the MODE switch to 0.5 m position and repeat Steps 1 to 3,
using .5 m controls. Note that the procedure that requires the lifting of the instrument to 1.5 m
height (for 1 m separation) can be replaced by 0.75 m height.
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2. EM38-MK2 OPERATING INSTRUCTIONS - Expanded Method

The following procedures are used to prepare the EM38-MK2 for survey operation. The
suggested time interval between the various procedures are typical values; under adverse
conditions they may have to be carried out more often and under good conditions less often, as
dictated by survey experience. Since the procedure is similar for both coil separations, only the
procedure for the 1 m coil separation will be described

2.1 Battery Test

The battery test should be carried out at the beginning of each day or when the battery voltage is
suspected of being low. Check the battery voltage as follow: set the MODE switch to BAT.

In the case of a good battery meters will read over 720 units. If meters read below 720 units
replace the battery. To remove the battery, undo the two thumb screws holding the cover of the
battery compartment. A Mallory MN1604 9-volt Alkaline battery or equivalent gives about 5
hours of continuous operation. For longer service (about 12 hours) we recommend a
ENERGIZER L522 9-VOLT Lithium battery.

Geonics also provides as an option, an external battery pack that give about 25 hours of
continuous service. For more details see section 10.

2.2 Initial Inphase Nulling

The initial inphase nulling should be carried out at the beginning of the day at the first survey
station. As described in Technical Note TN-6 the EM38 measures ground conductivity by
inducing very small electrical "eddy" currents in the ground and measuring the magnetic field
that these currents generate. A small transmitter coil located at the front of the EM38-MK2 is
used to generate the time-varying primary magnetic field which induces the eddy currents in the
ground, and a small receiver coil located at the end (middle for the 0.5 m separation) measures
both this strong primary magnetic field and the much smaller secondary magnetic field arising
from the eddy currents in the ground.

It is the task of the 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 facilitate this
measurement an internally generated signal is used to cancel or "null" the large primary signal so
that it does not overload the electronic circuitry. Because of the high sensitivity of the EM38-
MK?2 it is advisable to remove all metal objects from wrists, fingers, neck and pockets when
making this adjustment (sensitivity to metal objects, which is discussed further in Section 2. is
greatest near the coils at either end of the instrument).

To null the EM38-MK2, lift the instrument to a height of about 1.5 meters (5 feet) above the
ground and place in the horizontal dipole mode of operation (Fig. 1). Set the Mode switch to the
1 m position and null the I/P meter to indicate zero by 1 m control. The EM38-MK2 is
satisfactorily nulled when the instrument at a height of 1.5 meters the I/P meter reads
approximately zero (£ 10 mS/m).




2.3 Instrument Zero

This adjustment should be carried out at the beginning of each day at the first survey station and
should be checked thereafter two times a day or more often when making measurements over
ground of low conductivity. As referred to earlier, this adjustment is used to accurately set the
instrument zero so that if the unit were taken to a great height above the earth (so as to no longer
respond to terrain conductivity) it would actually read zero. As with all measurements, it is
carried out with the long axis of the instrument horizontal as shown in Fig. 1.

The Mode switch is now in the 1 m position. Lift the instrument to a height of approximately 1.5
meters (5 feet) above the ground. The exact height is not critical but this height should be
reasonably accurately maintained (£ 5 cm or 2 inches) throughout the zeroing procedure. With
the instrument in the horizontal dipole mode of operation (Fig.1) adjust the Q/P Zero control so
that the Q/P meter reads approximately 50 mS/m. Note the meter reading in mS/m which we
shall call H. Now without changing the instrument height, rotate the instrument about the long
axis to the vertical dipole mode (Fig. 1) and once again read the Q/P meter. Note the new
reading which we shall call V. Now it can be shown that, regardless of any layering in the earth,
with the instrument at a height of 1.5 meters V should equal twice H; conversely if V is not equal
to twice H we know that the zero is incorrectly set.

We can alter the instrument zero arbitrarily by adjusting the Q/P Zero Control. However we
know that we must adjust this control by an amount such that when we repeat the vertical and
horizontal dipole measurements after the adjustment (again at 1.5 meters) the new Q/P meter
readings, which we shall call V' and H’, must satisfy V'=2H’. Let C be the amount by which we
alter the meter reading by adjusting the Q/P zero Control. How much should C be? If V and H
are the readings before the adjustment and V' and H' are the readings after, then, since the
correction C affects both V and H equally, V'=V+C and H'=H+C. But C has been chosen so that
V/'=2H’ and therefore

V' _V+C _
H" H+C
which can be re-arranged to give C as
C=V-2H

Thus having obtained V and H, the initial meter readings in the vertical and horizontal dipole
modes respectively, to set the zero correctly we first calculate C=V-2H, and then with the
instrument in either position we adjust the Q/P Zero Control so as to alter the meter reading by
the amount C (in the direction of higher conductivity if C is positive, lower conductivity if C is
negative). Repeating the vertical and horizontal dipole measurements should now give V'=2H’
and the zero is correctly set.




An example will help to illustrate this procedure. Suppose that with the instrument at 1.5 m
height the meter reads 12 mS/m in the horizontal dipole mode and 35 mS/m in the vertical dipole
mode.

Then H =12 mS/m
V =35 mS/m
and we calculate C =35-2x12 = +11 mS/m

With the instrument at 1.5 meters and in the horizontal dipole mode (and thus still reading 12
mS/m) we now adjust the Q/P Zero to increase the meter reading by 11 mS/m and thus make the
new reading H' = H+C = 12+11 = 23 mS/m. If we rotate the instrument to the vertical dipole
mode it will now read 46 mS/m (which is twice 23) since the 35 mS/m has also been increased
by 11 mS/m. The zero is correctly set.

Again, suppose that the readings are

H =14 mS/m
V =16 mS/m
we calculate C=16-2x14=-12

and with the instrument at 1.5 meters height and in the horizontal dipole mode we now adjust the
Q/P Zero so as to reduce the horizontal dipole reading by 12 i.e., from 14 to 2, whereupon when
we rotate the instrument to the vertical dipole mode it will read 16-12=4, which is twice 2.
Again the zero is correctly set.

It was stated at the introduction to this section that this adjustment should be carried out at the
first survey station at the start of each day. Suppose that this site happens to be a region of very
high conductivity, say 1,000 mS/m to take an extreme example. If the conductivity is uniform
with depth at an instrument height of 1.5 meters it can be shown that the correct value of V will
be 100 mS/m and of H 53 mS/m for the 1 m coil separation. The accuracy of the zero setting
will be for 1 m coil separation, of the order of 6 mS/m and less for 0.5 m coil separation. This is
perfectly adequate for regions where the ground conductivity is 1,000 mS/m, but if the
conductivity falls to a few tens of mS/m an error of 6 mS/m in the zero setting would become
very serious. A small change in the zero setting will have negligible effect on the accuracy of
the previous high conductivity readings and will greatly improve the accuracy in low
conductivity areas.

In setting the zero, the operator will occasionally find that, on rotating the EM38-MK2 from the
horizontal dipole position where he got H to the vertical dipole mode to get V the meter reading
does not change, i.e., V=H. The answer to this puzzle is that he is standing over ground that is so
resistive that at 1.5 meters height the EM38 no longer responds to the conductivity. The
procedure outlined above still works however; now C=V-2H = -H, so that he will adjust the Q/P
zero control to reduce the meter reading by H which, of course, adjusts it to read H'=0. Rotating
the instrument will give V'=0 as well.




Particularly over resistive ground the operator must ensure that, when setting the instrument zero
he is not near fences, cars or other large metallic objects. The reason for this is that the theory
wherein V'=2H" applies only for a uniform or a horizontally layered earth. The presence of
large metallic objects will usually affect H more than V, and will thus give an error in the zero
setting. The operator must also make sure that the ground is laterally uniform for a few meters
on either side of the site where he is setting the zero. He must not, for example, attempt to set
the zero in an abandoned landfill site where there are probably buried metallic objects, without
first making sure that the surrounding area is reasonably uniform by carrying out a quick
preliminary EM38-MK2 survey.

It should be noted that if the operator does not want to use the Q/P zero to physically alter the
zero setting during the survey, he should take readings of VV and H (with the instrument at 1.5
meters every so often during the day. Then, when he is doing the data plotting he should
calculate C, using the above quotation and add or subtract the value of C to the survey readings
to correct them using linear interpretation as necessary. In the first example given above, 11
mS/m would be added to the readings, and in the second example 12 mS/m would be subtracted
from them.

2.4  Final Inphase Nulling

It was stated above that the inphase nulling was required in order to cancel or null the large
primary signal from the transmitter so that it does not overload the electronic circuitry, thus the
nulling procedure was carried out before setting the instrument zero, as described above.
Unfortunately the 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 the ground.
Fortunately this signal decreases rapidly with the instrument height above the ground and is
negligible at a height of 1.5 meters.

The additional signal is dealt with in one of two ways. If the survey is to be carried out in only
the vertical or horizontal dipole mode the instrument is simply placed on the ground in the
appropriate position and the residual signal arising from the magnetic susceptibility is nulled out
exactly as described in Section 2.2 (except that the instrument is on the ground).

In the event that the zero level is to be checked during the survey, the nulling procedure should
be repeated with the instrument at 1.5 meters before the zero check is carried out, and again
when the instrument is placed back on the ground for further conductivity measurements. The
magnetic susceptibility of the soil generally varies relatively slowly with location so that
checking the null on the ground every half hour or so is usually sufficient.

Even though the EM38-MK2 with two coils separation provides information from two different
depths, sometimes surveys are carried out in both the vertical and horizontal dipole
configurations in order to obtain more information about the layering, as described later in this
note. Unfortunately, the signal from the susceptibility causes a positive meter deflection in the
vertical dipole mode and a negative meter deflection in the horizontal dipole mode, so that even
though the instrument is correctly nulled for a vertical dipole measurement, re-nulling is
necessary for the horizontal mode measurement, significantly slowing survey speed. However,
this procedure must be followed when making accurate measurements in both the vertical and
horizontal dipole modes on low conductivity ground having significant magnetic susceptibility.




On some occasions it may be quicker to perform the survey twice, first in one mode and then in
the other.

If minimal effect from any susceptibility variations is desired (for example in archaeological
applications) then the inphase nulling procedure described above must be carried out before
every measurement and the faster way is probably to perform the survey twice, once in each
dipole.

2.5  Equipment Sensitivity Checks

To approximately check the sensitivity of the instrument, with the instrument at 1.5 meters in the
horizontal dipole position set the Mode switch to the 1 m mark and rotate the Q/P zero control
clockwise one turn. Meter should change between 20 and 28 mS/m, for 1 m coil separation and
28 and 30 mS/m for 0.5 m coil separation. Make sure that the zero control is reset to its original
position.

2.6 Automatic Calibration of EM38-MK2

An optional retractable monopod set-up in combination with data logger is provided for an
automatic calibration of EM38-MK2. The set-up provides means of automatic zeroing of the
EM38-MK2. Figure 8 shows the calibration set-up with the instrument in the vertical (VD) and
horizontal (HD) dipole mode, the two geometry used during the automatic calibration of the
instrument. The detailed description of the calibration procedure is described in the EM38-MK2
logger manual.

2.7 Marker Switch

The orange push button switch on the unit front panel can be used during digital data recording
to either initiate recording of a data point in “manual” recording mode or mark a particular
station during the automatic mode recording. More detailed information is provided in the
EM38-MK2 logger manual.

3. SURVEY PROCEDURES

To carry out a survey with the EM38-MK2, one simply lays the instrument on the ground to take
a reading. This can be done either in the vertical dipole mode or in the horizontal dipole mode,
with important differences in the depth response to be described later in this manual.

The EM38-MK?2 yields good spatial resolution and measurement stations should be as close as a
meter apart (0.5 m for 0.5 m coil separation) if maximum resolution is to be employed. The
decision as to the correct station spacing will be based on an estimate of the lateral dimensions of
the anticipated conductivity anomalies. Since measurements can be made very quickly it is
better to have too many measurements with good spatial resolution rather than too few.

This instrument is a sensitive detector of small changes in ground conductivity and is responsive
to metal objects either in or on the ground or on the operator. Metal chains around the neck or
wrist, metal wristwatch straps, metal framed glasses, steel supports in boots, coins, keys, or
knives in pockets can be offenders when they are located close to the coils (which are at either
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end of the instrument) either when on survey or when the null or zero is being set. To check
whether a metal object is giving a detectable response simply move the object a few meters away
from the instrument and note whether the reading changes. No change -- no problem.

How near can the operator approach a conductive object such as a pipe, fence, etc., and still
ensure that the readings are accurate? In a laterally uniform ground the EM38-MK2 should read
the same regardless of the azimuth of the long axis (i.e., whether it is pointing north/south or
east/west). Any significant difference in the reading in two directions at right angles is an
indication of a significant lateral disturbance. To check whether a pipe or fence is producing an
erroneous reading make two measurements of the ground conductivity, one reading with the long
axis pointing to the object and a second reading at right angles. If the two readings differ by
more than 10% a significant disturbance is being felt and the measurement point must be located
further away from the object.

It should be noted when traversing a pipe on a survey line perpendicular to the pipe direction in
the vertical dipole mode that the reading over the pipe may decrease and attempt to go negative.
If the goal is to locate the pipe one should again rotate the instrument 90° so that the long axis is
parallel to the pipe in which case the apparent conductivity reading becomes a maximum when
(a) the instrument is directly over the pipe and (b) also pointing in the same direction as the pipe.
These remarks apply in the vertical dipole mode, which should be used for the detection of pipes
since the exploration depth is greatest. Itis, of course, assumed that the pipe is conductive i.e., is
made of iron, steel or copper.

4. ELECTRICAL INTERFERENCE

Occasionally electrical interference will be encountered, either from cultural sources (50/60 Hz
power lines, industrial noise) or from atmospheric electricity (spherics). Noise from cultural
sources will often manifest itself as slow or rapid semi-periodic oscillations of the output meter
reading which must be averaged out by the operator. The amplitude of these excursions may be
a function of the coil orientation and will also be largest on the most sensitive (low conductivity)
range.

Atmospheric noise will usually show itself as sporadic changes of the meter reading, usually
most severe in the horizontal dipole mode. In this case the receiver operator must again average
out the noise, or restrict himself to the vertical dipole mode of operation, or wait until the
spherics have decreased.

5. NOTES ON SURVEY INTERPRETATION

5.1 Linearity of Response

The indicated apparent conductivity measured with the EM38-MK2 is accurate over most of the
range of the instrument.

5.2 Relative Response with Depth

TN-6 discusses in detail the fact that it is possible to calculate the relative response from material
at different depths for both the vertical and horizontal dipole mode coil configurations. The
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results for the EM38-MK2 are shown in Fig. 2A for 1 m coil separation and 2B for 0.5 m coil
separation where the function ¢ gives the fractional response to the meter reading from a thin
horizontal sheet of thickness dz buried at a depth z. We see that in the vertical dipole mode the
relative sensitivity to near surface material is very low (being zero right at the surface), that the
sensitivity increases with depth, becomes a maximum at about 0.4 (0.2 m for 0.5 m caoil
separation) meters and decreases slowly thereafter. On the other hand in the horizontal dipole
mode of operation the relative sensitivity is greatest to material at the surface, and decreases
thereafter with depth. The large difference in the response to near surface material in the two
coil configurations is important; the horizontal dipole mode will be relatively sensitive to
variations in the near surface whereas the vertical dipole mode will be insensitive.

This difference in sensitivity allows a quick method for determining whether the near surface
material is more or less conductive than material at depth. One simply places the instrument on
the ground in the vertical dipole mode, notes the reading, rotates the instrument to the horizontal
dipole mode and again notes the reading. If the second reading is greater than the first, the near
surface material is the more conductive and vice versa. If both readings are essentially the same
then the conductivity of the ground is essentially uniform to a depth of about 1.5 meter, the
effective depth of exploration for the EM38-MK2.

5.3 Multi-Layer Calculations

The functions Ry, (z/s) and Ry, (z/s) referred to in TN-6 are illustrated in Fig.3. It will be recalled
that these curves give the fractional response arising from all material below depth z for both the
vertical and horizontal dipole modes (the curves in TN-6 refer to the depth normalized with
respect to the intercoil spacing which for the EM38 is one meter so the curves apply directly).
These curves, when used with the techniques outlined in TN-6, allow simple calculation of the
instrument response in either coil configuration to a multi-layered horizontally stratified earth.

5.3.1 Variation of EM38 Response with Height

The curves of Fig. 3 also give the decrease of the apparent conductivity reading when the
instrument is lifted above a uniformly conductive earth, since in general for a two-layered earth

c,=0,[1-R(z))]+o,R(z))

and if the first medium is air, with conductivity ,=0

o, =02R(21)

where z; is now the instrument height above the ground.

Examination of the curves shows that in the vertical dipole mode an increase of elevation from 0
to 20 cm results in a reduction of apparent conductivity reading to 92.5% of the surface reading,
whereas in the horizontal dipole mode the reading is reduced to 68%. We thus see that the
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instrument reading in the horizontal dipole mode is more sensitive to instrument height or
conversely that in regions where the surface topography varies rapidly on the order of 10-20 cm
we can expect some scatter in the horizontal dipole readings.

In the event that the earth is two-layered it is possible to resolve this geometry by lifting the
EM38 above the ground and making a sequence of measurements at various heights in both the
horizontal and vertical dipole mode. The curves shown in Figs. 4 and 5 illustrate the fall-off
with height of the apparent conductivity for a variety of two-layered configurations; to employ
them one simply plots the measured apparent conductivity with height on a piece of transparent
paper to the same scale as the figures and translates the plot vertically or horizontally across the
various figures until a match is obtained. The various layer parameters are then calculated as in
the following example, using the measured values of apparent conductivity from Table 1.

TABLE 1
Apparent Conductivity (mS/m)

h (m) Vertical Horizontal
o Dipole Dipole

0.0 93 77

0.5 62 36

1.0 41 23

1.5 29 16

2.0 23 12

By translating this data as described above on top of the various curves of Fig. 4 we see that
good agreement is achieved for t=0.3 m and k=0,/0,=2. Furthermore we note that, in the vertical
dipole mode 0,/6,=1.85 when 6,=93 mS/m. Therefore 61=0,/1.85=50 mS/m, 6,=20,=100
mS/m, and t=0.3 m, fully resolving the two-layered geometry.

It should be noted that these curves are also useful for a three-layered earth geometry where the
upper layer is relatively resistive compared with the other two, as illustrated in Fig. 6. In this
case we simply assume that 0,=0 and that this layer effectively prevents us from laying the
instrument on the more conductive second layer. The fall-off with height of the apparent
conductivity over such a geometry will still be as shown in Figs. 4 and 5 except that when a good
match to one of these curves has been obtained it will be found that at a measured instrument
height of zero meters the appropriate curve will still indicate a finite height, the value of which is
the actual thickness of the upper resistive layer.

The user is cautioned that, to the accuracy with which the measurements can be made, more than
one set of the curves shown in Figs. 4 and 5 may match the field data, in which case he must rely
on other factors (such as knowledge of the probable geology) to decide which model is more
appropriate.
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5.3.2. Simplified Two-layered Earth Interpretation

In general, a two-layered earth has three unknown quantities, o1, o,, and t, whereas
measurements made with the EM38-MK2 on the ground produce only two measured quantities,
o4 (the apparent conductivity in the vertical dipole mode) and o4, (the apparent conductivity in
the horizontal dipole mode). If one of the two unknown conductivities is much greater than the
other and we may assume that the smaller conductivity is zero we are left with only two
unknowns and the problem is fully resolved. If o, >> g, we obtain the conductivity and the
thickness of the upper (conductive) layer; if o, >> 01 we obtain the depth to and the conductivity
of the lower (conductive) layer.

Given oy, and oy, the procedure is as follows: if 6,y > 04, calculate the ratio og, / 05y and with
this ratio use curve (1) Fig. 7 to determine z, the depth to the conductive substrate. Given z, use
Fig. 3 to obtain either Ry(z) or Ry(z) whence

Gah _ Cav

"R RO

and the problem is solved.

If on the other hand o, > 04y, Calculate o, / 0,4 and with this ratio use curve (2) in Fig. 7 to
determine z, the thickness of the conductive upper layer. Given z use Fig. 3 to obtain either
Rn(z) or Ry(z) whence

Gah cSav

UTR@ 1R

Note that in the event that neither o, >> o0, or 6, >> oy it is still possible to use this procedure to
define an apparent conductivity and an apparent thickness (or depth) which should be reasonably
valid as long as a reasonable conductivity contrast exists. If the earth has more than two layers
this procedure defines the equivalent two layered earth.

6. MEASURING SOIL MAGNETIC SUSCEPTIBILITY

It is a simple matter to measure the magnetic susceptibility of the upper half meter of the soil
using the EM38-MK2 in the vertical dipole mode. Set the Mode switch to the I/P position so
that the instrument is measuring the inphase component from the ground and lift the instrument
to a height of approximately 1.5 meters above the ground. Set the meter reading to
approximately 50 mS/m using the I/P zero controls and note the apparent conductivity reading at
this height. With the Mode switch still in the I/P position, lower the instrument to the surface
and again measure the apparent conductivity. It will be observed that as the instrument is
lowered, the meter reading initially swings to lower conductivity, then returns to the conductivity
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which was indicated at the height of 1.5 meters and finally increases to a larger apparent
conductivity.

The magnetic susceptibility (in RMKS units) is then given by

K=57x10"°Aca(mS/m) (for 1 m)
K=14.5x10"°Ac(mS/m) (for 0.5 m)
or in CGS units by
K=57X107 \  ns/m) (for 1.m)
47
K:%A%(m/m) (for 0.5 m)

where Aa, is the difference in the apparent conductivity measured when the instrument is on the
ground and elevated to 1.5 meters.

1. OUTPUT UNITS

The EM38 is calibrated so that under the low induction number approximation the quadrature
component output (Q/P) reads directly in apparent conductivity (c,). The inphase component
output (I/P) on the EM38-MK?2 also reads in units of mS/m; where 28.5 ppt (7.12 for 0.5 m) of
the secondary field relative to the primary field corresponds to 1,000 mS/m.

The following relation can be used to convert mS/m to ppm: 1 mS/m = 28.5 ppm (7.12 for 0.5 m)

where 1 ppm (parts per million) = 1 ppt (parts per thousand)
1000

When the instrument is used with a digital data logger or computer the I/P readings in mS/m are
automatically converted to ppt.

8. CONCLUDING REMARKS

It is hoped that the material given in this manual will assist in survey interpretation. It should be

borne in mind that the strength of the EM38-MK2 lies in the speed and accuracy with which a
reconnaissance conductivity survey can be carried out. While the instrument was not designed

15




for detailed sounding of conductivity with depth it gives very useful results when the earth can
be approximated by a two-layer mode.

9. COMMUNICATON WITH EXTERNAL LOGGER

EM38-MK2 is designed to communicate with an external logger in two different ways: a)
through an RS232 serial port via cable connection or b) via a wireless Bluetooth connection. The
choice which to use will depend on the system configuration. For short (up to 10 metres) non
obstructed distances between the logger and the EM38, the wireless Bluetooth communication is
more convenient. For an application like instrument installation on the trailer, where there may
be obstructions between the instrument and the logger, an RS232 cable communication may have
to be used. Note that for proper communication with logger when RS232 port is used, a special
RS232 cable marked “EM38-MK2-4P”” must be used.

The obvious advantage of wireless communication is there is no need for a cable and avoidance
of possible interference from the cable if the communication cable is moving around the
instrument sensors.

A more detailed description on the use of two communication method is provided in the EM38-
MK2 Logger Manual.

10. OPTIONAL COMPONENTS
10.1 External Battery

A provision is provided on the instrument front panel for use of an external battery. Depending
on the specific application, trailer mount for example, it may be convenient to use an external
battery to extend the battery service.

The external battery voltage should be between 9 to12 V. The required supply current is 50 mA.
To estimate the approximate service life of the battery, divide battery capacity in mA/h by 50.
For example a small fully charged gel cell battery with a capacity of 1.3 A/h (1300 mA/h) will
give approximately 25 hours of service. Note that the internal battery should not be removed
from the instrument even when the external battery is used.

10.1.1 External Battery Pack

The instrument can be supplied as an option with a rechargeable battery pack. The pack contains
a battery that when fully charged will last for about 25 hours of continuous operation.

To determine if the battery will require charging or replacing soon, the battery voltage can be
measured with a battery tester.

To check the battery voltage with a battery tester, insert the tester into the socket on the battery
pack panel.
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The fully charged battery will read above 13 V. Recharge the battery if its voltage is below 10.5 V.

The battery can be charged by attaching the battery charger to the connector on the battery pack.
Remember to connect the charger to the battery before applying power to the charger.
Completely charging a full discharged battery takes about 8 hours. To prevent the defective
charger from damaging the instrument power supply PCB, do not change the battery, when the
connected to the EM38-MK2 console.

Figure 9 shows the components of the external battery pack.
10.1.2 External Battery Care

The external battery pack contains Pb/gel type of batteries. Pb/gel batteries work on the same
principle a Pb/acid batteries. Gel is used in the place of acid, and the batteries are sealed. A a
result they can be shipped by parcel post as well as by passenger and cargo aircraft (cf. IATA
Restricted Cargo Regulations, Article 1924).

The Pb/gel batteries can be fully recharged from total discharge several hundred times. If you
typically use only a fractions of the battery capacity before recharging, the number of possible
recharges increases.

The batteries maintain full capacity regardless of the pattern of use. But their capacity will
eventually decrease with age.

From full charge, the batteries will lose 2 to 3% of their charge per month when stored at 20°C.
Deep Discharge Protection

The Dryfit battery, unlike conventional lead storage batteries, is protected against excessive
discharge. In the event that a battery remains connected to a load for an excessive period of time,
deep discharge protection ensures that the battery can be recharged without permanent damage.
After 30 days of deep discharge, batteries should be recharged for a period of 48 hours. A
completely discharged battery should not be left for longer than 30 days without recharging.

After re charge, it can be expected that the batteries will exhibit a loss in charge capacity,
batteries should be run through a serial of (at least three) cycles of discharge and recharge.

Storage Conditions

It is important that the battery is stored fully charged. After use, set the battery on charge and
keep it on till next use. If it is not possible to keep the battery continuously on charge, it should
be stored fully charged at a mean ambient temperature of +20°C and recharged after a maximum
of 6 months. At higher temperatures, the period will be shorter, and at lower temperatures, will
be extended. Since the specific gravity of the electrolyte will fall as a state of charge is reduced,
causing the freezing point to rise, only full charged batteries should be stored at extremely low
temperatures. Given that storage in the fully charged state discharge should not be allowed to fall
below 50% of the charged state.
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10.2  Protective Housing

An optional protective housing (see Figure 10) is designed to give the instrument protection from
dust, mechanical shocks, as well as to improve instrument stability (drift) as a result of sudden
change in environmental temperature. The housing is especially useful when the instrument is in
a cart operating mode. The openings on the housing cover are to allow for connection to the
external battery and to the recording device.

10.3 Extender Arm

A collapsible extender arm (see Figure 11) can be used to conveniently carry the instrument over
the survey area, either in vertical or horizontal dipole mode. The switch on the top of the hand is
connected, via an interconnecting cable, in parallel with the marker switch on the instrument. It
can be used, during digital data recording, to either initiate recording or make markers for
particular stations as described in section 2.7.
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11. EM38-MK2 INSTRUMENT SPECIFICATIONS

Measured Quantity

Conductivity Ranges

In-Phase Range

Measurement Precision
Primary Field Source
Sensor

Intercoil Spacing

Operating Frequency

Communication

Temperature Range
Power Supply - Internal
Power Supply - External

Battery Life

WEIGHT AND DIMENSIONS

Instrument

Shipping

April 2016

Apparent conductivity of the ground in millisiemens per
metre (MS/m) at each coil separation

Inphase response in parts per thousand (ppt) of secondary
to primary magnetic field at each coil separation

0 to 1,000 mS/m (4 digit digital meter)

+ 28 ppt (1,000 mS/m) for 1 m separation
+ 7 ppt (1,000 mS/m) for 0.5 m separation

+ 0.1% of full scale
Self-contained dipole transmitter
Two self-contained dipole receivers

1 and 0.5 metres for EM38-MK?2
1 metre for EM38-MK2-1

14.5 kHz

a) RS-232
b) Bluetooth™

-40°C to +50°C

9V battery

Receptacle provided for external 9 to 12 VDC battery
5 hours continuous for MN1604

12 hours continuous for L522
25 hours continuous for rechargeable battery pack

5.4 kg 107x17x8 cm

14.0 kg 114x20x26 cm
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12. APPENDIX

Q) Schematic Diagram of Vertical and Horizontal Dipole Positions
(i) Relative Response Curves

(iii)  Cumulative Response Curves

(iv)  Two Layer Curves

(V) Automatic Calibration Set-up

(vi)  External Battery Pack and Charger

(vii)  Protective Housing

(viii) Extender Arm

(ix)  Communication Protocol

(x)  Gain Calibration Check
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EM38-MK2 CUMULATIVE RESPONSE

Z:=0,.01.. 10

2, )5
RY(Z) 22— Rh(Z) :=(42%4+1) =22
(4.2241)

0 02 04 0.6 " 08 1 12 14 1.6 1.8
Zs
depth in meters

Fig. 3A
24
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AUTOMATIC CALIBRATION SET-UP FOR
EM38-MK2 CONDUCTIVITY METER
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EM38-MK2 RS232 DATA PROTOCOL

February 2008

DESCRIPTION

The data from EM38-MK2 is transmitted to a data logging computer via a
RS-232 port. The conversion and sending are automatic and continuous, no
trigger is needed.

PORT AND CABLE PIN ASSIGNMENT

The computer 1interface is provided via a 3-pin circular Lemo socket
mounted on the EM38-MK2 panel. A 3-pin circular connector to 9-pin sub-D
connector cable 1is supplied (as and option) with the system for
connection between EM61-MK2 and the default controlling datalogger. The
same cable can be used to connect EM38-MK2 to other computer or data
acquisition system provided that such computer or system has an RS-232
port.

EM38-MK2 INTERFACE CABLE pin assignment is summarised as follows:

3-pin connector 9-pin sub-D function
EM61-MK?2 POLY/COMPUTER

3 (output) 2 (input) RS-232 RXD
2 (input) 5 (output) Ground

RS-232 CONFIGURATION

The port is configured as a Date Communication Equipment. No handshaking
is used. It is initialise as follows:

Baud rate: 19200
parity: none
data bits: 8
stop bit: 1

DATA RATE

20 records per second (approximate)

EM38 DATA RECORD FORMAT

There are 4 channels of data for 1M and 0.5M In-phase and conductivity

information. There are other 2 channels for 1M and 0.5M coil temperature
information. Each channel has 2 byte.
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Each
Byte

Byte

Byte
Byte
Byte
Byte
Byte
Byte
Byte
Byte
Byte
Byte
Byte
Byte
Byte

Byte

data record string consists of 16 bytes detailed below:

1 (ASCII)

"' T " -- start byte

2 (information byte. See next section for marker, mode,

© 0 N o v b~ W

11
12
13
14
15
16

Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel

Channel

1

S o0 L1 L1 A A W W NN R

Interpretation.)
High Byte
Low Byte
High Byte
Low Byte
High Byte
Low Byte
High Byte
Low Byte
High Byte
Low Byte
High Byte

Low Byte

FF (High End Byte FOR END)

FF (Low End Byte FOR END)

INFORMATION BYTE INTERPRETATION

The bit format of the information byte (only for master unit) is:

BIT

7
6
5
4
3
2

VALUE OR MEANING

0
0

0
0

MODE

MARKER

(=1 for vertical operation
= 0 for horizontal operation)

(= 1 when trigger/marker switch is pressed,
= 0 otherwise )
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CHANNEL INFORMATION

Channel 1 ------ Conductivity FOR 0.5M
Channel 2 ------ In-phase FOR 0.5M
Channel 3 ------ Conductivity FOR 1M
Channel 4 ------ In-phase FOR 1M
Channel 5 ------ Temperature FOR 1M
Channel 6 ------ Temperature FOR 0.5M

DATA INFORMATION (for Channel 1~4)
-160mv=0000HEX; OV = 8000HEX; 160mV=FFFFHEX
Imv=8mS/m

ImS/m=25.6 (raw data)

Temperature Data (for Channel 5~6)

Ov=0000 HEX; 5V=FFFF HEX
10mv/Ce; 750mv=25Ce

temp=data/3.103-50
(end)
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EM38-MK2 GAIN CALIBRATION PROCEDURE

The following is the Gain Check and calibration procedure for EM38-MK2 using the test coil
and test jig.

1.

Set the EM38-MK2 in the jig with the test coil as per figure 12. Make sure that the
test coil is switched off.

Set the Mode switch to I/P position and adjust the I/P component to zero.
Set the Mode switch to Q/P position and adjust the Q/P component to zero.

Turn the test coil on. The instrument should read approximately 90 mS/m for 1 m coil
separation and 185 mS/m for 0.5 m separation. If the reading deviates more than

+ 4 mS/m and = 8 mS/m for 1 m and 0.5 m separation respectively, adjust the gain
with potentiometer # R14 (inside the instrument) to obtain the optimal readings

Set the Mode switch to I/P position with the test coil off. Adjust the I/P knobs to
obtain zero I/P reading.

Turn the test coil switch on. Inphase readings should read 90 £ 4 mS/m and
186 £ 8 mS/m for 1 m and 0.5 m coil separation respectively. There is no separate
gain adjustment for I/P components.
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EM38-MK2 GAIN CALIBRATION
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