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INTRODUCTION

This manud supplies users of the EM 38 with operating information and some theoreticad resultsto assst
in the planning and interpretation of geophysca surveys. Additiond information can be found in
Geonics Technicd Note TN-5, which outlines the factors affecting soil and rock conductivity, and
Technica Note TN-6, which describes the generd theory of terrain conductivity mapping using
inductive dectromagnetic techniques.



1. EM38 OPERATING INSTRUCTIONS - Simplified Method

(Operator should follow the steps outlined below or as an dternative, and more theoretica procedure
follow Sections 2.2 to 2.5)

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 as follows. with the range switch in the 1,000 mS/m
position set the battery test switch to BATT. The absolute vaue of the displayed reading will be over
720 for agood battery and under 720 for a bad one.

To remove the battery, undo the two screws holding the cover of the battery compartment at the top
rear of the instrument frame. A Mdlory MN1604 9-volt Alkaine battery or equivaent gives about 30
hours of continuous operation. For longer service (about 55 hours) we recommend a Mdlory TR146X
9-volt Mercury battery.

The following steps are used to prepare the EM 38 for survey operation.

1.2 Calibration Method for
Phasing and Instrument Zero

This cdibration should be carried out at least 3 to 4 times per day unless the ground is very resdtivein
which case you would repegt it more often.

IMPORTANT! Because of the high sengtivity of the EM38 it is advisable to remove dl meta objects
from wridts, fingers, neck and pockets during the calibration procedure. Sengtivity to meta objects,
which isdiscussed in Section 2 is greatest near the coils at ether end of the ingrument.

Turn instrument on by setting the ON/OFF/BATT switch to "ON" and follow proceding steps.

Step 1

With the EM 38 on the ground, mode switch set to Q/P, and the instrument in the vertica dipole mode
of operation (see Fig. 1) set the Quad phase (Q/P) reading to zero using the Q/P zero control knob.




Step 2

Set the mode switch to Inphase (1/P) and set the Inphase reading to zero using the I/P coarse and fine
controls. Go back and make sure that the Q/P till reads zero.

Step 3

With the mode switch in Q/P, set Q/P to 50 mS/m, using the Q/P zero control knob.

Step 4

Set the mode switch back to I/P and raise the I/P reading to 50 mS/m by using the coarse and fine I/P
controls.

Step 5

Return mode switch back to Q/P and make sure it reads 50 mS/m. If the Q/P reading is not 50 mS/m
then adjust the Phase contral so that the Q/P reading is 50 mS/m (+/-1 mS/m).

Step 6
Bring both readings of Q/P and I/P to zero once again, as described in steps 1 and 2.

Now lift the EM 38 to aheight of about 1.5 Meters (5 feet).

Step 7

With the instrument in the air and in the horizonta dipole mode of operation (Fig. 1), set the Q/P and
|/P readings to zero as was donein steps 1 and 2.

Step 8

Now with the mode switch in the Q/P position adjust the Q/P zero control so that an arbitrary vaue (i.e
H=10 mS/m) appears on the digplay. Rotate the EM38 to the vertica dipole mode and note the
reading (hypotheticaly V=16 mS/m). Subtract the horizonta dipole reading from the verticd (V-H=6
mS/m).

Step 9

Findly, with the mode switch ill in the Q/P position and ingrument sill in the horizontal dipole mode,
rotate the Q/P zero control until the display reads the vaue cdculated in step 8. Inthisexample it



would be 6 mS/m. Now when you rotate the EM 38 to the vertical dipole mode the reading should be
12 mSm.

With insrument at least 1.5 meters above ground or higher, the Q/P reading or conductivity should
adways stidfy the following eguation:

V=2H
whereV = verticd dipole mode reading

and
H = horizontd dipole mode reading

Fig. 1



2. EM38 OPERATING INSTRUCTIONS - Expanded M ethod

The following procedures are used to prepare the EM 38 for survey operation. The suggested time
interval between the various procedures are typica values, under adverse conditions they may have to
be carried out more often and under good conditions less often, as dictated by survey experience.

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 follows: with the range switch in the 1,000 mS'm
position set the battery test switch to BATT. In the case of agood battery the meter will read over -
720 units. If the meter reads below -720 units replace the battery. To remove the battery, undo the
two screws holding the cover of the battery compartment at the top rear of the instrument frame. A
Malory MN1604 9-volt Alkdine battery or equivaent gives about 30 hours of continuous operation.
For longer service (about 55 hours) we recommend a Malory TR146X 9-volt Mercury battery.

2.2 Initial Inphase Nulling

Theinitiad inphase nulling should be carried out at the beginning of the day at the first survey sation. As
described in Technica Note TN-6 the EM 38 measures ground conductivity by inducing very small
eectricd "eddy" currents in the ground and measuring the magnetic field that these currents generate. A
amall tranamitter coil located at the rear of the EM 38 is used to generate the time-varying primary
magnetic field which induces the eddy currents in the ground, and asmall receiver coil located &t the
front end measures both this strong primary magnetic field and the much smaller secondary magnetic
fiedd ariang from the eddy currents in the ground.

It isthe task of the recaiver dectronics to measure the very smdl signa from the eddy currentsin the
presence of the much larger sgnd arising from the primary magnetic field. To fadlitate this
mesasurement an internaly generated sgnd is usad to cancd or "null” the large primary sgnd o that it
does not overload the eectronic circuitry, particularly on the most sendtive range scale (100 mS/m).
Because of the high sengitivity of the EM38 it is advisable to remove al metd objects from wridts,
fingers, neck and pockets when making this adjustment (sengtivity to metal objects, which is discussed
further in Section 2. is greatest near the coils at elther end of the instrument).

To null the EM 38, set the I/P range switch to the 1,000 mS'mrange. Lift the instrument to a height of
about 1.5 meters (5 feet) above the ground and place in the horizonta dipole mode of operation (Fig.
1). Set the Mode switch to the I/P postion and null the meter to indicate zero by first adjusting the I/P
coarse zero control and then the I/P fine zero control. Repesat the procedure on the 100 mS/m range,
re-adjusting the Zero controlsif necessary. The EM38 is satisfactorily nulled when, with the Mode
switch in the I/P position and the instrument at a height of 1.5 meters the meter reads gpproximeatey
zero (£ 10 mS'm) on the 100 mS/m pogtion.

2.3 Ingrument Zero



This adjustment should be carried out at the beginning of each day a the first survey staion and should
be checked thereafter three or four times aday or more often when making measurements over ground
of low conductivity. Asreferred to earlier, this adjustment is used to accurately set the ingrument zero
so that if the unit were taken to agreat height above the earth (so as to no longer respond to terrain
conductivity) it would actudly read zero. Aswith al measurements, it is carried out with the long axis
of the ingrument horizonta as shownin Fg. 1.

The Mode switch is now in the norma Q/P pogition. Lift the instrument to a height of gpproximatdy
1.5 meters (5 feet) above the ground. The exact height is not critica but this height should be
reasonably accurately maintained (= 5 cm or 2 inches) throughout the zeroing procedure. With the
ingrument in the horizonta dipole mode of operation (Fig.1) and the Q/P range switch set to 100 mS/m
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 shdl cal H. Now without changing the instrument height, rotete the
instrument about the long axis to the vertica dipole mode (Fig. 1) and once again read the Q/P meter.
Note the new reading which we shdl cal V (over highly conductive ground it may be necessary to
adjust the range switch to a higher range to obtain an on-scae reading). Now it can be shown that,
regardiess of any layering in the earth, with the instrument a a height of 1.5 metersV should equa twice
H; conversdly if V isnot equd to twice H we know that the zero isincorrectly set.

We can dter the ingtrument 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 repest the vertica and horizonta dipole
measurements after the adjustment (again a 1.5 meters) the new Q/P meter readings, which we shall
cal W and HN, mugt satisfy VW=2H. Let C be the amount by which we ater 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 W\ and H\ are the readings after, then, since the correction C affects both VV and H
equaly, WW=V+C and H\i=H+C. But C has been chosen so that VW\=2HN and therefore

which can be re-arranged to give C as

C" V&2H



Thus having obtained V and H, theinitid meter readings in the vertica and horizontad 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 asto ater the meter reading by the amount C (in the
direction of higher conductivity if C is positive, lower conductivity if C isnegative). Repesating the
verticd and horizontd dipole measurements should now give WW=2HN and the zero is correctly set.

An examplewill help to illugtrate this procedure. Suppose that with the instrument & 1.5 m height the
meter reads 12 mS/m in the horizonta dipole mode and 35 mS'm in the vertica dipole mode,

Then H=12mSm
V =35mSm
and we caculate C=352x12 = +11 mS/m

With the instrument a 1.5 meters and in the horizonta dipole mode (and thus il 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 mSm. If we rotate the instrument to the vertical dipole mode it will now reed
46 mS/m (which istwice 23) since the 35 mS'm has dso been increased by 11 mS'm. The zero is
correctly set.

Again, suppose that the readings are

H =14 mSm
V =16 mS/m

we cdculate C=16-2x14=-12

and with the instrument at 1.5 meters height and in the horizonta dipole mode we now adjust the Q/P
Zero s0 as to reduce the horizontd dipole reading by 12 i.e.,, from 14 to 2, whereupon when we rotate
the instrument to the vertica dipole mode it will read 16-12=4, which istwice 2. Againthezerois
correctly set.

It was stated at the introduction to this section that this adjustment should be carried out at the first
survey dation at the start of each day. Suppose that this Site happens to be aregion of very high
conductivity, say 1,000 mS/m to take an extreme example. If the conductivity is uniform with depth a
an ingrument height of 1.5 metersit can be shown that the correct vaue of V will be 312 mS/m and of
H 156 mS'm. The accuracy of the zero setting will be of the order of 10 mS/m. Thisis perfectly
adequate for regions where the ground conductivity is 1,000 mS'm but if the conductivity falsto afew
tens of mS/m an error of 10 mS/m in the zero setting would become very serious. The answer is, of
course, thet if regions where the conductivity falls to low vaues are encountered during the progress of
the survey, we should reset the zero in these areas a the 100 mS/m scale. A small change in the zero
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setting will have negligible effect on the accuracy of the previous high conductivity reedings and will
greatly improve the accuracy in low conductivity aress.

In setting the zero the operator will occasiondly find that, on rotating the EM 38 from the horizontd
dipole position where he got H to the verticd dipole mode to get V the meter reading does not change,
i.e, V=H. The answer to this puzzleisthat heis standing over ground that is so resdtive that a 1.5
meters height the EM 38 no longer responds to the conductivity. The procedure outlined above ill
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, adjudtsit to read Hi=0. Rotating the instrument will give WW\=0 as wll.

Particularly over resstive ground the operator must ensure that, when setting the insrument zero heis
not near fences, cars or other large metdlic objects. The reason for thisisthat the theory wherein
VI=2HN gpplies only for auniform or a horizontaly layered earth. The presence of large metallic
objects will usudly 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 laterdly uniform for afew meters on ether Sde of the Ste where
he is stting the zero. He must not, for example, attempt to set the zero in an abandoned landfill Ste
where there are probably buried metalic objects, without first making sure that the surrounding areais
reasonably uniform by carrying out aquick preliminary EM 38 survey.

It should be noted that if the operator does not want to use the Q/P zero to physically ater the zero
Setting during the survey, he should take readings of V and H (with the instrument at 1.5 meters every
S0 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 vaue 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.

24  Final Inphase Nulling

It was stated above that the inphase nulling was required in order to cancel or null the large primary
sgnd from the transmitter so that it does not overload the dectronic circuitry, particularly on the most
sengtive scale; thus the nulling procedure was carried out before setting the instrument zero, as
described above. Unfortunately the magnetic susceptibility of soils causes an additiond signd to be
picked up by the receiver coil when the EM38 islocated close to or islying on the surface of the
ground. Fortunately this sgnd decreases rgpidly with the instrument height above the ground and is
negligible at aheight of 1.5 meters.

The additional Sgnd is dedt with in one of two ways. If the survey isto be carried out in only the
vertica or horizontal dipole mode the instrument is smply placed on the ground in the gppropriate
position and the resdud signd arisng from the magnetic susceptibility is nulled out exactly as described
in Section 2.2 (except that the ingtrument is on the ground).

11



In the event that the zero leve isto be checked during the survey the nulling procedure should be
repested with the instrument at 1.5 meters before the zero check is carried out, and again when the
ingrument is placed back on the ground for further conductivity measurements. The magnetic
susceptibility of the soil generdly varies rlatively dowly with location so that checking the null on the
ground every hdf hour or so isusudly sufficient.

More commonly, surveys are carried out in both the vertical and horizonta dipole configurationsin
order to obtain information about the layering, as described later in thisnote. Unfortunately, the sgna
from the susceptibility causes a positive meter deflection in the vertica dipole mode (when the Mode
switch isin the I/P position) and a negeative meter deflection in the horizonta dipole mode, so that even
though the instrument is correctly nulled for avertica dipole measurement, re-nulling is necessary for the
horizontal mode measurement, significantly dowing survey speed. However, this procedure must be
followed when making accurate measurements in both the vertical and horizonta 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.

Thereis another solution to this problem which is often quite satisfactory. In this gpproach the
procedures described in Sections 2.2 and 2.3 for Initid Inphase Nulling and Instrument Zero setting are
carried out asindicated a aheight of 1.5 meters. The range switch isthen set to the 1000 mS'm
position, the Mode switch to the I/P position, and the EM 38 islaid on the ground in the vertica dipole
mode. If the I/P reading isless than 150 mS'm, then the 100 mS/m position for the range switch can be
used for dl subsequent ground conductivity (Q/P) measurements in ether the vertica or horizonta
dipole mode. If the l/P reading is greater than 150 mS/m, the 1,000 mS/m position for the range switch
must be used for conductivity messurements. If minimad effect from any susceptibility variationsis
desired (for example in archaeologica 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, oncein each dipole.

Findly if it is observed that the values of conductivity do not repeat from one range switch setting to
another susceptibility sgna has become too large and the EM38 must be re-nulled.

25  Equipment Functional Checks

These checks need be carried out only at the start of anew survey. To check the phasing and the
sengtivity of the instrument, first set the inphase null as described in section 2.2. To check the phasing,
lift the ingrument to 1.5 metersin the horizonta dipole position and set the range switch to 1,000 mS/m.
With the Mode switch in the Q/P position, note the conductivity reading on the meter. Rotate the I/P
coarse zero control clockwise one step, note whether the reading changes, and return the I/P coarse
zero toitsorigind pogtion (one step counter-clockwise). I the reading changed, adjust the phase
control asmal amount in one direction, note the new meter reading, again rotate the I/P coarse zero to
itsorigind pogtion. If the meter change was less than for the origind position of the phase control, re-
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adjust the phase control farther in the same direction, and repest the procedure, until rotating the I/P
coarse zero to one step clockwise produces no significant change in the meter reading. The phase
control isnow correctly set. If at any time the meter change becomes gresater, the phase control should
be adjusted in the opposite direction. Check that the I/P coarse zero control has been Ieft inits origina
position by checking the null of the instrument (Section 2.2).

To approximately check the sengtivity of the instrument, with the range switch a 1,000 mS/m and the
ingrument a 1.5 metersin the horizonta dipole position set the Mode switch to the I/P mark and rotate
the I/P coarse zero control clockwise one step. Meter should change between 100 and 200 mS/m.
Make sure that the |/P coarse zero control isreset to its original position.

3. SURVEY PROCEDURES

To carry out asurvey with the EM 38, one smply lays the instrument on the ground to take a reading.
This can be done ether in the verticd dipole mode or in the horizonta dipole mode, with important
differencesin the depth response to be described later in this manud.

The EM38 yidlds good spatia resolution and measurement stations should be as close as ameter apart
if maximum resolution isto be employed. The decision as to the correct tation spacing will be based
on an edimate of the laterd dimensions of the anticipated conductivity anomalies. Since measurements
can be made very quickly it is better to have too many measurements with good spatid resolution rather
than too few.

Thisingrument is a sengtive detector of smal changes in ground conductivity and, particularly when set
to the most sengtive scale (100 mSm), isresponsive to meta objects elther in or on the ground or on
the operator. Metal chains around the neck or wrist, metal wristwatch straps, metal framed glasses,
stedl supportsin boots, coins, keys, or knives in pockets can be offenders when they are located close
to the cails (which are a ether end of the instrument) either when on survey or when the null or zero is
being set. To check whether ameta object is giving a detectable response smply 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 ill ensure
that the readings are accurate? In alateradly uniform ground the EM 38 should read the same regardiess
of the azimuth of the long axis (i.e,, whether it is pointing north/south or eest/west). Any significant
differencein the reading in two directions & right anglesis an indication of asgnificant latera
disturbance. To check whether a pipe or fenceis 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 & right angles. If the two readings differ by more than 10% a sgnificant disturbance is
being felt and the measurement point must be located further away from the object.

13



It should be noted when traversing a pipe on asurvey line perpendicular to the pipe direction in the
vertica dipole mode that the reading over the pipe may decrease and atempt to go negative. If the
god isto locate the pipe one should again rotate the instrument 90° so that the long axisis pardld to the
pipe in which case the gpparent conductivity reading becomes a maximum when (a) the ingrument is
directly over the pipe and (b) aso pointing in the same direction as the pipe. These remarks apply in
the vertica dipole mode, which should be used for the detection of pipes since the exploration depth is
greatest. It is, of course, assumed that the pipeis conductivei.e., is made of iron, steel or copper.

4. ELECTRICAL INTERFERENCE

Occasondly dectricd interference will be encountered, ether from cultural sources (50/60 Hz power
lines, industrid noise) or from atmospheric eectricity (spherics). Noise from cultura sources will often
manifest itself as dow or rgpid 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 aso be largest on the most sensitive (low conductivity) range.

In regions where intense cultural noiseis suspected (near large power lines, etc.) and the range setting is
on the 100 mS/m position it is often agood idea to check for instrumenta overload by increasing the
range setting and checking that the indicated conductivity still readsthe same. To give an example:
suppose we are working on the 100 mS/m scale and the instrument reads 20 mS/m near a power line.
If the reading is not 20 mS/m on the 1,000 mS/m scale, overload is present and readings must be taken
at 1,000 mS/m range. Suppose however that at this location the instrument reads 20 mS/m on both the
100 and 1,000 mS/m scdes. The overload is not present and high sengtivity range 100 mS/m can be
used in the vicinity of the interference.

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

5. NOTESON SURVEY INTERPRETATION

5.1 Linearity of Response

The indicated gpparent conductivity measured with the EM 38 is accurate over the full range of the
ingrument.

5.2 Relative Response with Depth

TN-6 discussesin detall the fact that it is possible to caculate the relative response from materid a
different depths for both the vertical and horizonta dipole mode cail

configurations. The results for the EM 38 are shown in Fig. 2 where the function ¢ gives the fractiond
response to the meter reading from athin horizonta sheet of thickness dz buried at adepth z. We see
that in the verticd dipole mode the relative sengtivity to near surface materid isvery low (being zero
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right a the surface), that the sensitivity increases with depth, becomes a maximum at about 0.4 meters
and decreases dowly thereafter. On the other hand in the horizontal dipole mode of operation the
relative sengtivity is grestest to materid at the surface, and decreases theregfter with depth. The large
difference in the response to near surface materid in the two coil configurations is important; the
horizontd dipole mode will be relatively sengtive to variationsin the near surface whereas the verticd
dipole mode will be insengtive.

This difference in sengtivity alows a quick method for determining whether the near surface materid is
more or less conductive than materid at depth. One smply places the instrument on the ground in the
vertica dipole mode, notes the reading, rotates the instrument to the horizonta dipole mode and again
notes the reading. If the second reading is greater than the first, the near surface materid is the more
conductive and vice versa. If both readings are essentialy the same then the conductivity of the ground
is essentidly uniform to a depth of about 1.5 meter, the effective depth of exploration for the EM38.
5.3 Multi-Layer Calculations

ThefunctionsR, (z/s) and R, (z/s) referred to in TN-6 are illustrated in Fig.3. It will be recdled that
these curves give the fractiona response arising from al materid below depth z for both the vertica and
horizonta dipole modes (the curvesin TN-6 refer to the depth normaized with respect to the intercoil
gpacing which for the EM 38 is one meter so the curves gpply directly). These curves, when used with
the techniques outlined in TN-6, dlow smple cdculation of the instrument response in ether coil
configuration to a multi-layered horizontaly dratified earth.

5.3.1 Variation of EM 38 Response with Height

The curves of Fig. 3 aso give the decrease of the gpparent conductivity reading when the indrument is
lifted above a uniformly conductive earth, Snce in generd for atwo-layered earth

6, 6,[1& Rz))% 0,R(z,)

and if the firs medium isar, with conductivity 6,=0

éa. éZR(Zl)

where z, is now the indrument height above the ground.

Examination of the curves shows that in the vertica dipole mode an increase of evation from 0to 20
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cm results in areduction of gpparent conductivity reading to 92.5% of the surface reading, whereasin
the horizonta dipole mode the reading is reduced to 68%. We thus see that the instrument reading in
the horizonta dipole mode is more sengtive to insrument height or conversdly thet 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 istwo-layered it is possble to resolve this geometry by lifting the EM 38
above the ground and making a sequence of measurements at various heightsin both the horizontal and
verticd dipole mode. The curves shown in Figs 4 and 5 illustrate the fal-off with height of the gpparent
conductivity for avariety of two-layered configurations; to employ them one smple plots the measured
gpparent conductivity with height on a piece of trangparent paper to the same scale as the figures and
trandates the plot verticaly or horizontaly across the various figures until ameatch is obtained. The
various layer parameters are then calculated asin the following example, using the measured va ues of
gpparent conductivity from Table 1.

TABLE1
Apparent Conductivity (mS/m)

h (m) Verticd Horizontal
_ Dipole Dipole

0.0 93 77

0.5 62 36

1.0 41 23

15 29 16

2.0 23 12

By trandating 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 6,/6,=1.85 when 6,93 mS'm. Therefore 6,=6,/1.85=50 mS/m, 6,=26,=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 athree-layered earth geometry where the upper
layer isrelatively resstive compared with the other two, asillugtrated in Fig. 6. In this case we Smply
assumethat 6,=0 and that this layer effectively prevents us from laying the instrument on the more
conductive second layer. The fdl-off with height of the apparent conductivity over such a geometry will
gl 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 a a measured instrument height of zero meters the appropriate curve will
dill indicate afinite height, the vaue of which is the actud thickness of the upper resistive layer.
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The user is cautioned that, to the accuracy with which the measurements can be made, more than one
st 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 mode is more appropriate.

5.3.2. Smplified Two-layered Earth Interpretation

In generd, atwo-layered earth has three unknown quantities, 6,, 0,, and t, whereas measurements
made with the EM 38 on the ground produce only two measured quantities, 6,, (the apparent
conductivity in the vertica dipole mode) and 6, (the gpparent conductivity in the horizontd dipole
mode). If one of the two unknown conductivitiesis 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 6, >> 0, we aobtain the conductivity and the thickness of the upper (conductive) layer; if 0,
>> (, we obtain the depth to and the conductivity of the lower (conductive) layer.

Given 6, and 6, the procedure is as follows. if 6,, > 6,4, cdculatetheratio 6,/ 6, and with thisratio
use curve (1) Fig. 7 to determine z, the depth to the conductive subgtrate. Given z, use Fig. 3 to obtain
ether R,(2) or R,(z) whence

Z w oah - oav

> R@ R@

and the problem is solved.

If on the other hand 6, > 6, cdculate 6, / 04, and with thisratio use curve (2) in Fig. 7 to determine
z, the thickness of the conductive upper layer. Given z use Fig. 3 to obtain either R(2) or R,(z) whence

O 0]

" TR@ ERE

Note that in the event that neither 6, >> 6, or 6, >> 0, it isdill possible to use this procedure to define
an gpparent conductivity and an apparent thickness (or depth) which should be reasonably vaid aslong
as areasonable conductivity contrast exigts. If the earth has more than two layers this procedure
defines the equivaent two layered earth.
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6. MEASURING SOIL MAGNETIC SUSCEPTIBILITY

It isasmple maiter to measure the magnetic susceptibility of the upper haf meter of the soil using the
EM38in the verticd dipole mode. Set the Mode switch to the I/P position o that the instrument is
measuring the inphase component from the ground and lift the instrument to a height of gpproximately
1.5 meters above the ground. On the 100 mS/m scale set the meter reading to gpproximately 50 mS/m
using the I/P coarse and fine zero controls and note the apparent conductivity reading at this height.
With the Mode switch ill in the I/P position, lower the instrument to the surface and again measure the
gpparent conductivity. It will be observed that as the ingrument is lowered, the meter reading initialy
swingsto lower conductivity, then returns to the conductivity which was indicated at the height of 1.5
meters and findly increases to alarger apparent conductivity. Thisisentirdy normd. If the meter goes
over 100 mS'm when the instrument is lowered to the ground the range switch is adjusted to the 1,000
mS'm scae.

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

K= 58x10%°A6_(mSm)

or in CGS units by

& 6
K" %Aéa(mgm)

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

1. OUTPUT UNITS

The EM38is cdibrated so that under the low induction number gpproximeation the quadrature
component ouput (Q/P) reads directly in gpparent conductivity (6,). The inphase component output
(1/P) on the EM38 d 0 reads in units of mS/m; where 29 ppt of the secondary field rdlative to the
primary field corresponds to 1,000 mS/m.

The following relaion can be used to convert mS'm to ppm: 1 mSm 7/ 29 ppm

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

When the indrument is used with adigitad datalogger (DL720) or computer the I/P readingsin mS/m
are automaticaly converted to ppt.
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8. CONCLUDING REMARKS

It is hoped that the materid given in thismanua will asss in survey interpretation. It should be bornein
mind that the strength of the EM 38 lies in the speed and accuracy with which a reconnaissance
conductivity survey can be carried out. While the instrument was not designed for detailed sounding of
conductivity with depth it gives very useful results when the earth can be gpproximated by a two-layer
mode.
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0. EM38 INSTRUMENT SPECIFICATIONS

Measured Quantity

Conductivity Ranges
Messurement Precison
Primary Field Source
Sensor

Intercoil Spacing
Operating Frequency
Temperature Range

Power Supply

Batery Life

Apparent conductivity of the ground in millisemens per meter
(mS/m)

Inphase response in parts per thousand (ppt) of secondary to
primary magnetic fied

100, 1,000 mS/m (4 digit digita meter)

+0.1% of full scale deflection
Sdf-contained dipole transmitter
Sdf-contained dipole receiver

1 meter
14.6 kHz (40.4 kHz optional)

-30°C to +50°C

9V Trangstor radio battery
(e.g. Mdlory MN1604)

30 hours continuous for MN1604

WEIGHT AND DIMENSIONS

|nstrument

Shipping

March 1999

3.0kg 106x15x3.6 cm

10.0kg 117x19x13 cm
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10. APPENDIX

0] Schematic Diagram of Verticd and Horizontal Dipole Pogtions
(i) Relative Response Curves
(i) Gain Cdibration Usng Test Cail
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(i) EM38 GAIN CALIBRATION PROCEDURE
For units operating 14.6 kHz - standard

The following is the gain cdibration procedure for EM 38 using the test coil and test jig:

POSITION 1

1. Set the phasing of the instrument as described in section 2.5 of EM 38 operating ingtructions.

2. Set EM 38 in thejig with the Q cail in postion #1. Make sure that the Q coil is switched off.

3. Turn EM38 on to 100 mS/m range and adjust I/P and Q/P components to zero.

4, Turn Q coil on. The EM38 should read approximately 90 mS/m with Mode switch in Q/P
position and 90 mS/m £+ 10 mS/m with Mode switch in I/P position. Next adjust I/Pto zero
and Q/P should read 90 mS/m £ 1 mS/m. If not, adjust Gain pot #R14 (insde the ingtrument)
until Q/P reads 90 mSm.

POSITION 2

1. Place Q cail in postion #2, making sure that Q cail is turned off.

2. Set EM38 to 100 mS/m range and adjust I/P and Q/P component to zero.

3. Turn Q coil on. The EM38 should read approximately 24 mS/m with Mode switch in Q/P

position and 23 mSm £5 with Mode switch in I/P position. Adjust I/P to zero and Q/P should
read 245 mSm+ 1 mSm.

November, 1990

31



32



