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EM31	
	

Guide	d’opération	
	
Mise	en	place	

	 ER,	Range	BATT	.	Si		>4.4,	OK,	sinon	changer	batteries.	
	

	
0	) Test	batterie	:	Mode	OP

1) Inst laal tion	des	bras	:		
 a. Mettre	le	bras	«	émetteur	».,	en	alignant	les	marques	rouges.		

bes.	
 K,	sinon	cf.	manuel	
Ne	pas	tordre	les	goupilles.	Ne	pas	laisser	tomber	les	tu

b. Mode	OPER,	Range	1000mS/m.		Si	entre	‐1.0	et	+1.0,	O
c. Mettre	le	bras	«	récepteur	»,	en	alignant	les	marques.	

e	pas	tordre	les	goupilles.	Ne	pas	laisser	tomber	les	tubes.	
,	Range	100mS/m.		Si	entre	‐1.0	et	+1.0,	OK,	sinon	cf.	manuel	

N
d. Mode	OPER

	

 
2) Test	de	la	phase	:		

a. Mode	OPER,	Jouer	sur	COARSE	pour	mettre	la	phase	à	0	(+/‐	0.1).	
b. ode	PHASE.	Tourner	COARSE	d’un	cran	vers	la	droite.	Revenir	d’un	cran	

he.	Si	la	valeur	n’a	pas	bougé	(différence<0.2)	‐>	OK	
M
vers	la	gauc

3) Test	de
	
	sensitivité	

a. 	Mode	COMP.	Tourner	COARSE	d’un	cran	vers	la	droite.	Revenir	d’un	cran	
vers	la	gauche.	La	valeur	doit	changer	de	22‐26	mS/m	

	
Me rsu e	

1) ode	OPER.	Tourner	RANGE	de	sorte	que	l’aiguille	soit	au	2/3	du	max.	C’est	ainsi	
	

M
qu’on	a	la	meilleure	résolution.		
	

2) Se	p si
l’or t

o tionner	sur	le	point	à	mesurer.	Noter	l’orientation	de	l’outil.	Noter	
ien ation	du	dipôle.		
a. Le	panneau	de	contrôle	en	haut	‐>	dipôle	vertical	(Prof	d’exp	~6m)	
b. 	Le	panneau	de	contrôle	sur	le	côté	‐>	dipôle	horizontal	(Prof	d’exp	~3m)	



Operateur	:		 	 	 	 	 	 	 	
	 	 	 	 	 	 	

	 Date
	site

	:	
	 Plan	du 	
Site	:	 	 	 	 	 	 	 	 	
	

	 	 	 	 	 	 	Ligne	:		 	
	

as	d’acquisition	:		P
	
	
	
	

Bras	//	ligne	 Bras		ligne	#	Station	
Dip.	Vert.	 Dip.	hor.	 Dip.	vert.	 Dip.	hor.	

Hauteur	 Commentaires	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	 	 	 	 	 	 	

	



Using the Geonics EM31

Battery Check

1. Set MODE switch to OPER position and rotate RANGE switch to BA TT position.

2. If meter reads above ±4.4 then batteries are in good condition (C size)

Initial Set-up

1. Using Identifying labels, attach transmitter coil tube.

2. Set MODE switch OPER and cheek the zero reading. Set the RANGE switch to least sensitive position (1,000 mS/m)

3. The tolerance for this test is ±1 mS/s. To adjust reading use the DC ZERO CONTROL, located under front panel. Remove battery
pack to gain access to the controls.

4. Turn instrument off and attach receiver coil tube

Equipment Functional checks

1. Set RANGE switch to 100 mS/m. (if reading on the meter is off-scale, i.e. >100 mS/m, set to 1000 mS/m.

2. Set MODE switch to OPER position and adjust the inphase meter reading to zero using the COARSE and FINE COMPENSATION
controls. Tolerance +0.1 ppt.

3. To check the phase of the instrument, set the MODE switch to PHASE position. Note meter reading and rotate the COARSE control
one step clockwise. If the conductivity meter reading remained the same (tolerance ±0.2), the phase is already correct. Return
COARSE control to its original position.

4. If there is a difference in the readings, with the COARSE control in its original position, adjust the PHASE potentiometer about ¼ turn
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clockwise. Repeat the phase test. If the difference in readings has decreased, repeat procedure or if the difference has increased, the
PHASE potentiometer should be rotated counter-clockwise.

5. N.B. Always remember to set the COARSE control back to its original position. This can be confirmed by checking that the inphase
meter reads zero with the MODE switch set to OPER.

6. To check the sensitivity of the instrument, set MODE switch to COMP position and rotate COARSE control clockwise one step. The
conductivity reading should change between 22 to 26 mS/m.

Operating Procedure

1. Position instrument so that it rests on the hip. Set MODE switch to OPER position and rotate RANGE switch so that the conductivity
meter reads in the upper two-thirds of the full range.

Vertical Dipole
Reading panel on top
Effective depth of exploration =6m

Horizontal Dipole
Reading panel is facing horizontally
Effective depth of exploration =3m

Using the Polycorder DL720/31 data logging system

Battery check

Switch on logger and at MODE prompt press 0. Use arrow keys to select BA TTERY, then press Enter

Initial Setup

Switch on logger and at MODE prompt press 0. Use arrow keys to select EM31, press ENTER
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SET CLOCK (y/n): N (if yes, the program will abort and you will have to re-run EM31)
FILE: Enter filename (Use Shift keys to select letters)
PHASE Q/I/B: B Select what parameter to record (Quadphase/Inphase/Both)
MODE V/H/B: B Select which dipole orientation to record (Vertical/Horizontal/Both)
ORIENTA TIONS 1/2: 1 Select 1 or 2 orientations to record (different heights or orthogonal)
OPERATOR: Enter operator's name (not mandatory, press ENTER to skip)
COMMENT: Enter comment (not mandatory, press ENTER to skip)
AUTO (Y/N): N Select N for normal operation
LINE: Enter line number, then ENTER
DIR W/E/S/N: Select direction of the line (Conventionally N or S)
START STATION: Enter start station, then ENTER
INCREMENT: Enter station increment, then ENTER (the units here are irrelevant)

CONNECT THE LOGGER TO THE EM31 WHEN EM31 IS IN THE OPER POSITION and Press ENTER to start logging

REVIEW DATA MODE Press 6 (To review previous station information)
COMMENT Press 7 (enter comment then ENTER)
NEXT STN Press 5 (automatically skips a station)
NEW SEGMENT Press 1 (if you have to skip a large section)
NEW LINE Press 4 (Enter line no & Start stn. Enter '-'increment for reverse direction)
MEMORY Press 2 (See how much room is left on logger)
ESC Press ESC (Only use when finished logging)

Downloading the data from the Polycorder to your PC
1. Run DAT31 program on the PC and select COPY FILES FROM POLYCORDER (MOD-720)
2. Set Polycorder to MODE 5-2 and check that:
baud rate = 9600
data bits = 8
parity = N
mating call carriage return (CTRL 0 1 3)

3. Press ESC
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4. On PC, Enter filename to store data: - Enter Hxxx file created in logger (CAPITALS), press RETURN

5. Set Polycorder to MODE 2-2 - Select corresponding file on polycorder press ENTER. And then press RETURN on PC.

6. Repeat procedure for Data files (D prefix)

7. Return to main menu (PC) and select CONVERT DL55 TO DAT31 FORMAT. Enter Hxxx filename and both the Hxxx and Dxxx files
will be converted to xxx.G31 file format.

8. Use appropriate option to convert to Surfer format

Warning

Do not fill up logger completely with data as this will lead to problems downloading. If there is insufficient memory, delete all unwanted
data files. If there is still a problem, delete the EM31 program from logger. When downloading is complete, refer to manual for
re-installation of EM31 program.

Last updated by Tim Young (Tim.Young@GeoArch.demon.co.uk) 1st October 1998.
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EM31 field how-to

Equipment needed in the field:

field notebook
map
Geonics EM31 unit
compass
GPS or equivalent
small flathead screwdriver for calibration

General instructions:

Remove the EM31 from its box and before attaching the transmitter and receiver, check that the batteries are
good by turning scale knob to BATT and then mode knob to OPER. Values displayed will be +/- 6.0 more or less
for new batteries and the manual suggests replacing if below +/- 4.3. Turn mode to Off. The instrument uses 8 C
cel lalkaline batteries.

1.

Many times, you can now attach the transmitter and receiver and hold the instrument about 1m off the ground,
meter facing up. Turn the mode knob to OPER. The range knob will be at either 100 mS/m or 10 mS/m for most
of our uses. The display has two numbers. The top, labelled conductivity, is the quadrature phase measurement
and is usually the number we are interested in, as this should reflect the ground conductivity. The in-phase
number is generally used for calibration but also can be used when looking for buried metal.

2.

Calibrations

The general calibration is first done with only the transmitter attached. With the instrument on resistive ground,
set the range knob to 1000 mS/m. The instrument should read 0 in the resistivity window. If not, the zero control
knob can be adjusted: it is accessed from the battery compartment and is the adjustment screw closest to the
"bottom" end of the box (part farthest from the meter displays). Note to be sure that the nut on this screw is
tight when done so that the instrument doesn't drift while being used.

1.
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With the instrument off, attach the receiver coil. Set the range to 100 mS/m and the mode switch to COMP. The
display should read 0; if not, use the coarse and fine compensation knobs to get it to 0.

2.

The phase check is more awkward. Turn the mode switch to PHASE. Note the value in the conductivity window.
Turn the coarse compensation knob one click clockwise. If the value displayed is the same (within +/-0.2 mS/m),
all is well and you can click the coarse knob back to its original position.

3.

If there was a difference, then after returning the coarse knob to its original position, turn the phase screw 1/4
turn clockwise and compare the reading you now have and that with the coarse knob turned one step clockwise.
If the difference in values has decreased, continue rotating the phase screw clockwise until the two readings
match within 0.2 mS/m. If the value has increased, turn the phase screw counterclockwise and repeat until the
two readings with two settings of the coarse knob match. When done, make sure the nut is tightened to prevent
the phase screw from turning during operation and return the coarse knob to its original orientation.

4.

Absolute calibration

We have measured the resistivity ~10m west of the Bummers Rock trail about 50-75m from the edge of the
parking lot. Our 1-D model suggests the EM31 should get measurements of about 1.25 mS/m; wandering about
the area shows variations from about 0.7 to 1.5 mS/m. If the EM31 yields these values, all is good and no further
calibration is needed. Note that the values in the parking lot will be much higher and there is a pipe under part
of the lot.

1.

If necessary to calibrate, place the instrument on the ground in the location chosen as the reference location.
Adjust the QF knob (under the battery panel, farther one from the box side) until a value 1.12 times the correct
conductivity is obtained. Resistivity of bedrock near Bummers Rock trail is about 1300 ohm-m, so a value of 0.86
mS/m would be desired but note that given the variability in the area a somewhat higher value might be
appropriate (one approach is to first find the lowest conductivity values and then do this calibration in that spot).

2.

Wednesday, August 31, 2011 3:48 PM

Please send mail if you encounter any problems or have suggestions.

GEOL4714/5714 home | C. H. Jones | CIRES | Dept. of Geological Sciences | Univ. of Colorado at Boulder
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Last modified at Wednesday, August 31, 2011 3:48 PM
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The EM31-SH is a “short” version of the EM31-MK2 providing an effective depth of exploration 
of about four metres.  With a smaller coil separation (2 m) and lighter weight, the EM31-SH 
offers improvements in sensitivity to smaller near-surface targets, lateral resolution and 
portability, while maintaining the high levels of accuracy and stability provided by the standard 
EM31-MK2.  A “trailer-mount” (inset) is available for either instrument, offering greater 
convenience in field operation.

EM31-SH

The EM31-MK2 maps geologic variations, groundwater contaminants or any subsurface 
feature associated with changes in ground conductivity, using a patented electromagnetic 
inductive technique that allows measurement without electrodes or ground contact. With this 
inductive method, surveys can be carried out under most geologic conditions including those 
of high surface resistivity such as sand, gravel and asphalt.

Ground conductivity (quad-phase) and magnetic susceptibility (in-phase) measurements are 
read directly from an integrated data logger (which can easily be removed from the console 
for data transfer).  Real-time (RT) graphical presentation of data is possible by connecting 
a computer directly to the RS232 output port on the front panel with an optional RS232 
interconnect cable.

The effective depth of exploration is about six metres, making it ideal for geotechnical and 
environmental site characterization. Important advantages of the EM31-MK2 over conventional 
resistivity methods are the speed with which surveys can be performed, the precision with 
which small changes in conductivity can be measured and the continuous readout and data 
collection while traversing the survey area. Additionally, the in-phase component is particularly 
useful for the detection of buried metallic structure and waste material.

The EM34-3 is a simple-to-operate, cost-effective instrument for the geologist and 
hydrogeologist alike; applications have been particularly successful for the mapping of deeper 
groundwater contaminant plumes and for the exploration of potable groundwater resources.

Using the same inductive method as the EM31-MK2, the EM34-3 uses three intercoil spacings 
- 10, 20 and 40 m - to provide variable depths of exploration down to 60 metres.  With three 
spacings and two dipole modes (horizontal as shown, and vertical) at each spacing, vertical 
electrical soundings can be obtained.  In the vertical dipole (horizontal coplanar) mode, the 
EM34-3 is very sensitive to vertical geologic anomalies, and is widely used for groundwater 
exploration in fractured and faulted bedrock.

The EM34-3 includes connectors for an analog signal output, as well as an input which can be 
used with a rechargeable battery option.  Digital signal output, required for data collection with 
the DAS70 system, is available as an option for all models of the EM34-3.

In regions of particularly high cultural and/or atmospheric noise, the EM34-3XL - including 
increased transmitter power and a larger transmitter coil -  improves the signal-to-noise ratio 
by a factor of 10 at the 40 m spacing, and by a factor of 4 at the 10 m and 20 m spacings.

MEASURED QUANTITIES 1: Apparent conductivity in millisiemens per metre (mS/m)
 2: In-phase ratio of the secondary to primary magnetic   
 field in parts per thousand (ppt)

INTERCOIL SPACING 3.66 metres

OPERATING FREQUENCY 9.8 kHz

POWER SUPPLY 8 disposable alkaline “C” cells (approx. 20 h   
continuous)

MEASURING RANGES  Conductivity: 10, 100, 1000 mS/m;  In-phase: ± 20 ppt

MEASUREMENT RESOLUTION ± 0.1 % of full scale

MEASUREMENT ACCURACY ± 5 % at 20 mS/m

NOISE LEVELS Conductivity: 0.1 mS/m;  In-phase: 0.03 ppt

DATA STORAGE 10,000 records (2 components); 16,500 records
 (1 component);  ext. memory available

DIMENSIONS Boom: 4.0 m extended, 1.4 m stored
 Shipping Case: 145 x 38 x 23 cm

WEIGHTS Instrument: 12.4 kg; Shipping: 28 kg

MEASURED QUANTITIES Apparent conductivity in millisiemens per metre (mS/m)
 
PRIMARY FIELD SOURCE Self-contained dipole transmitter

SENSOR Self-contained dipole receiver

REFERENCE CABLE Lightweight, 2 wire shielded cable

INTERCOIL SPACINGS & 10 m at 6.4 kHz
OPERATING FREQUENCY 20 m at 1.6 kHz
 40 m at 0.4 kHz

POWER SUPPLY Transmitter: 8 disposable or rechargeable “D” cells
 Receiver: 8 disposable or rechargeable “C” cells

CONDUCTIVITY RANGES  10, 100, 1000 mS/m

MEASUREMENT RESOLUTION ± 0.1 % of full scale

MEASUREMENT ACCURACY ± 5 % at 20 mS/m

NOISE LEVELS 0.2 mS/m (can be greater in regions of high power   
 line interference)

DIMENSIONS Receiver Console: 19 x 13.5 x 26 cm
 Transmitter Console: 155 x 8 x 26 cm
 Receiver & Transmitter Coil: 63 cm diameter
 EM34-3XL Transmitter Coil: 100 cm
 Shipping Case: 27.5 x 75 x 75 cm

WEIGHTS Instrument: 20.5 kg;  XL: 26.5 kg
 Shipping: 43 kg;  XL: 51 kg

EM31-MK2 EM34-3

GROUND CONDUCTIVITY METERS

Specifications

Specifications
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GEONICS LIMITED
1745 Meyerside Dr. Unit 8  Mississauga, Ontario  Canada L5T 1C6

Tel: (905) 670-9580
Fax: (905) 670-9204
E-mail: geonics@geonics.com
URL: http://www.geonics.com

T e c h n i c a l  N o t e  T N - 1 1

USE OF EM31 INPHASE INFORMATION

J .D .  M c N e i l l

August, 1983 



GEONICS LIMITED

TECHNICAL NOTE TN-11

USE OF EM31 INPHASE INFORMATION

The Geonics EM31 measures the quadrature-phase component of the 
induced magnetic field, since this component of the magnetic field 
is linearly related to the ground conductivity and hence most readily 
interpretable in terms of the geological structure.

Another major use of the EM31 is for carrying out surveys of ground-
water contamination by mapping the electrically conductive (or in some 
cases the highly resistive) contaminant plumes. These waste disposal 
sites however often contain buried metal containers of hazardous waste 
which can generally be detected by the EM31 (or metal detectors or 
magnetometers) if they are not buried too deeply.1,2

Other users, such as archaeologists and treasure seekers, are also 
interested in the detection of buried metallic targets.

The detectability of these large metal objects and more specifically the 
detection of buried metal drums can be greatly enhanced by measuring 
the inphase component of the induced magnetic field. This component can 
be readily measured by the EM31 by simply taking the reading with the 
mode switch in the COMP position. The procedure for doing this is to set 
the mode switch to the COMP position and then adjusting the COARSE 
and FINE COMPENSATION controls so that a deflection of about 20% 
of full scale deflection is obtained. This is usually carried out with the 
RANGE switch set to the 30 mmho/m position, although less sensitive 
ranges can also be used. The survey is then carried out exactly as if the 
conductivity were being measured.

Experiments at Geonics have indicated that the EM31 will detect a single 
45 gallon oil drum out to distances of about 3.7m (12 ft) using the inphase 
component, whereas Koerner, et al will only be able to detect drums to a 
depth of 2m (6 ft) using the quadrature-phase component.
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Two points will have to be considered however when surveying in the 
COMP position mode. The first is that the true zero level of the inphase 
component is not known since the reference level is arbitrarily set as 
described earlier. Generally this is not a problem since when operating 
in this mode, one is looking for relatively localized meter deflections 
indicative of the presence of metallic objects. The second point is that if 
the instrument is suddenly jarred the inphase zero level may change and 
settle down at a new value. This fluctuation in the zero level should not 
cause any serious difficulty or confusion in the interpretation, since the 
detection of buried metal objects will generally be recognized by a single 
pulse or series of pulses corresponding to the number of buried objects 
and their spacing.

Overall, these two disadvantages are relatively insignificant when 
compared with the increase in sensitivity of the EM31 for detecting buried 
metal objects which puts the EM31 in a class by itself relative to the 
magnetometer and metal detectors.

For some surveys it is useful to record both the inphase and quadrature-
phase components simultaneously. In this case the EM31 can be modified 
to provide both outputs for an analog chart recorder.

References

(1) Evans, Roy B. Currently Available Geophysical Methods for Use 
in Hazardous Waste Site Investigations, Risk Assessment at 
Hazardous Waste Sites, 8. Geophysical Methods for Investigations 
p.93-115. ACS Symposium Series, No. 204.

(2) Koerner, Robert M. et al Drexel University, Use of NDT Methods 
to Detect Buried Containers in Saturated Silty Clay Soil, 1982 
National Conference on Management of Uncontrolled Hazardous 
Waste Sites, Site Investigation, p.12-16.
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Instruments Geonics

1

EM38

Faible espacement (fixe) 
entre dipôles magnétiques

EM31

Espacement plus important
(fixe) entre dipôles

EM34

Espacement variable
(nécessite 2 opérateurs)



Orientation des dipôles magnétiques

2

VU-mètres EM31
sur le dessus

VU-mètres EM31
sur le côté

Dipôles verticaux

Dipôles horizontaux
(en ligne)



Sensibilité des mesures EM

3

Profondeur / distance entre bobines

Dipôles magnétiques
horizontaux

Dipôles 
magnétiques verticaux

Le maximum de sensibilité

 
est à une profondeur égale à 40% de la distance entre les 

 deux bobines lorsque les dipôles magnétiques sont verticaux (spires dans le plan 
horizontal).

Les dipôles magnétiques verticaux permettent une meilleure pénétration que les 

 dipôles magnétiques horizontaux.

Contribution 
à Hs/Hp

Dipôle
magnétique



Instrument
Distance 

entre 
bobines

Fréquence

Profondeur de
pénétration typique Résolution 

(~1/5 dbob )Dipôles 
verticaux

Dipôles 
horizontaux

EM38 1 m 14.6 kHz 1.5 m 0.75 m 0.2 m

EM31 3.66 m 9.8 kHz 6 m 3 m 0.7 m

EM34 10 m 6.4 kHz 15 m 7.5 m 2 m

EM34 20 m 1.6 kHz 30 m 15 m 4 m

EM34 40 m 0.4 kHz 60 m 30 m 8 m

Spécifications des 
instruments Geonics
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