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Short Guide for EMA4Soil users
A- Preparation of the data

The data from EM400P should be converted in a format readable for EM4Soil. To do
that run the program PROFTOEMS (clicking twice in the name of the program). The
following screen will appear:

Ml PROFiLEREOEM4S files I [=] |

Exit Input Imstrument Setup Display Sawe About

Go to Input and click on Input Profiler file.

i i
Pracurar em; Ilj Mahfooz j - 5 EE-
®|EMP400__005
|#)Empa00_n12
Mome do ficheira: || j bt I
| Ficheins do tipo: IMask [“EMI) j Cancelar
™ Abrir em modo s6 de leitura
A

Choose the file (*.EMI) to be converted. Clicking twice in the file name the program
will import the data informing you the amount of values.
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PROFILERtOEMA4S files P

o

Clicking in OK will finish the importing. Go now to the Instrument Setup to give the
height of the equipment during the acquisition and the name of the survey:

Il PROFILEREOEM4S files

rtaunertScop.

Il Inst. Setup

InameLine|
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After importing the data you can display a graphic with your data. Go to Display and
press the display data:

- =10/ (ol
=131
‘ . %

Data from PROFILER

Then you can have an idea about the quality of your data and to decide which
frequencies do you want to save for inversion on EMS4Soil. To do that, go to Save:

Il PROFILERtOEMJS files 13|

Exit Input Instrument Setup Display | save About

And choose the frequencies:
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I PROFiLEREOEM4S file =10 x|

Ext Input Instrument Setup Display  Save  About

]
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And click in OK, and save the file in a folder.

Save the file for EM4Soil program
Procurar em: I I Mahfooz j = fj‘ v

PROFLOEMS, fo0
proftoems. obj

B model
B PROFLOEMS-raadms
@pmftoems
Mome da ficheira: Isurve_l,lF’.DAT j Abrir I
0 leety|  Ficheiros do tipo: IMasK o] =] Cancelar |

ha rede

™ Abrir em modo 56 de leitura

That file will be import by EM4Soil for processing and inversion. The file is an ASCII
one and the first rows will be like the example below:

EMP400_012

147 0.2000000 1

3 4000.000  6000.000  15000.00

X Y Z ECa4000 ECa6000 ECal5000 Lat Long time

0.000000  0.000000 0.00 700.95 469.52 500.96 0.00 0.0  0.00
0.000000  0.500000 0.00 738.36 494.87 53812 0.00 0.0 0.00
0.000000  1.000000 0.00 819.56 74857 617.46 0.00 0.0  0.00
0.000000  1.500000 0.00 869.47 83596 617.76 0.00 0.0  0.00
0.000000  2.000000 0.00 84891 86121 54657 0.00 0.00  0.00
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Close the program and start the EM4Soil one, clicking twice in the name.
B- Using the EM4Soil program

The program will display the following screen:

M EMd5oil-v1: EM Laterally Constrained Inversion
Exit Survey Inpuk DataProcessing Inversion Display Settings Save Prink Help About

Action:

(" Piot Raw Data |
Plot Filtered Data
Plot Decimated Data
Plot Noise Analysis
Plot B-L Corrected
Plot Initial Model
Plot Inverted Model
Plot Data/Response
Plot DOI
Quit

The program needs you select the equipment used for acquisition. Go to Input and Input
Sensor and choose the PROFILER. After click OK.

Il EM45Soil-¥1: EM Laterall

Exit Surwey Input Data Processing  Inversion  Display Settings  Sawe Print Help  About
Action:

Plot Raw Data

Plot Filtered Data m

Plot Decimated Data Choose sensor

DUALEM-1
DUALEM-2
DUALEM-21
DUALEM-42
DUALEM-421
DUALEM-642

Plot Noise Analysis

Plot Neg.Corrected

Plot B-L Corrected

Plot Initial Model

Plot Inverted Model

Plot DatafResponse PROFILER

Plot DOI | oK |

Quit

If your data has been collected in several profiles it is considered a Area survey and
should be import in Input, Input Data, Area:
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Il EM450il-v1: EM Laterally Constrained Inversion
Exit Survey | Input Data Processing  Inwersion Display Settings Sawe Print Help  About

Inpuk Sensors

Action:
Plot
Inpuk irversion resulks(®, INYE) EM Sounding
Plot F

Select sites (EMSounding)

Plot De
ao ko Map

Plot N

Plot Neqg.Corrected | -

Choose the file to input (probably you need to modify the type of file from DAT to All
files):

Procurar em; I ) Mahfooz j (] Iff( Edl~
Frroftoems PROFEOEMS.Fo0
proftoems. obj
B model
PR oFtoEMS-readme
£ @proftoems
E’l P4
Ambiente de |'3=_"| breta
trabalho ofdf
ﬂ proftoemns
|=]EMP400_nos
=] EMP400__D12
L ewe
Iﬂ dualtoems
0 meu
computadar
!! MNome da ficheiro: Iemp-D'I 2 j Abrir I

s . Ficheiros da tipo: IAII Files [%."] | Cancelar |

na rede [ Abiir em modo s6 de leitura

v

Clicking twice in the file name the program will input the file and you will be informed
about the data: Equipment you have chosen; number of values; number of frequencies
and if you have negative values. In any case “No initial model will be made”, because
you have input a AREA survey NOT a line survey.
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M EM4Soil-
Exit Survey Input DataProcessing Inwersion Displaw Settings Sawe Prink Help  About

Action:

Plot Raw Data
Plot Filtered Data
Plot Decimated Data
Plot Noise Analysis
Plot Neg.Corrected E M T O M O
Plot B-L Corrected
Plot Initial Model
Plot Inverted Model
Plot DatajResponse %ﬁg;‘igg
Plot DOI number of sites: 147
number of frequencies: 3

Quit . p
Megative or Mull DATA &t least in one Frequency

Data from a survey area,
Mo initial model was saved

Clicking in OK the program will open the MAP Module where you can see the data and
select the profiles to be inverted. The following screen will be displayed:

I EM450il - Map module i [=]
Ext Display Proflemode Save Print Help About

i Quit
EMTOMO

EMTOMO - Sofiware for ElsctroMagnetic Tomagraphy

You can go to Display, Survey Layout to see the location of your data:

B EM450il - Map module

Exit | Display Profile mode  Save Print Help  About

Gee  Data 3
Maodel Slices

Setkings
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M EM450il - Map module =[af;
Exlt Display Proflsmods Save Print Help About

Quit

Or display the Data, Cond/Res and see your data:

W EM450il - Map module
Exit | Display Profile mode  Save Prink  Help  About
Survey layout I

—

Model Slices Topographey

— EMTOMO

VMD — Map of conductivity

—0.8
—0.2 03 0.9 1.4 19
Distance X (m)
Frequency= 4000.0 Hz

You can see the maps of all frequencies clicking on the right button of the mouse.
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The Model slices only can be used after the inversion of the profiles (will see this
feature latter).

The entrance settings will allow you to do some alteration on the map display:
-
Quit

Exit

Data Grid geometry

* Raw Data Xmin
* Plot sites

" NO sites Ymin
Display Ymax
' Conductivity

" Resistivity

Contour type

¢ Linear

" Logarithmic
Rescale axis
* NO
" YES

You can print any Map going to the Save menu.

Let’s see how to define and export profiles for inversion.
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When you click in Add Profile the arrow of the mouse modifies into a cross. Go to the
beginning of the profile and click on the left mouse button. After go to the end of the
profiles and click on the left mouse button. Without to move, click on the right mouse.
This finish the profile selection and open the following screen:

B FM450il - Map

Exit

Profile ends

x0 0.0079
Y0 0.0035
XE -0.00o07
YE 10.0452

Profile: @

Search radius [m] 2.0

Mew Profile?
* YES
£ NO

0K

Give a name for the profile and choose the search radius (should be a little smaller than
the distance between measured data). If you do not want more profiles select NO.

Quit

N

Exit
Profile ends

X0 1.9988
Y0 -0.0257
XE 1.9988

YE 10.0160

© T
s o n

After, the selected profiles should be saved. Go to Save, Save Profiles:

10
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[ EMd4Soil - Map:

Exit

Added profiles

linel

line3
line5

- =lolz

Quit Procurar e | () Mahtooz = | o E-
| proftoems = PROFEoEMS.FI0
‘_ag =] emp-005 [ proftoems. b
) emp-012 W model
Elpt ] proFtoEmMs-readme
g £l pz D proftosms
Elpt

2l treta
=) ol
) | #] proftoems

| #]EmPano_oos

BEZEH

.3 Mome do fichei:  [line3 1} | Abiir
Ficheiios dotipor  [Mask (7] | i

I~ Abir em modo 56 de leitura

After you have saved the profiles, quit the Map Module clicking in QUIT. You can back
to the Map module at any time using the entrance Input, Go to Map of the EM4Soil:

Bl EM4Soil-v1: EM Laterally Constrained Inversion

Exit Survey | Input Data Processing  Inwersion Display Settings Sawe Print Help  About

Input Sensors

Action:
Input Data 3
Plot
Input inversion resulbs(* TNV
Plot F
Select sites (EMSounding)
Plot De
Go ko Map
Plot N

Plot Neg.Corrected |

Plot B-L. Corrected |

Plot Initial Model |

11
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C- Inverting (Q2D) and Displaying results

Now you must invert the profiles you have saved. To do that, go to EM4Soil program
and input the first profile using the Input, Data, Line option:

Ml EM4Soil-v1: EM Laterally Constrained Inversion

Exit Survey | Input DataProcessing Imwersion Display Settings Save Print Help  About

Input Sensars

Action:
Plot Area
Input inversion results(*, IMYr) EM Sounding
Plot F

Select sites (EMSounding)

Plot De
2o ko Map

Plot N

Plot Meg.Corrected

During the input you can see this warning:

Input Data ﬂ

Input daka has a hight spatial sampling rate
and some level of redundance could exist,
In such case decimation is advisable,

In general you do not need to go for decimation (only if you have a significant data
redundancy). After input the data will be displayed:

(B EMasoil-v1: EM Laterally Co
Exit Survey Input Data Froces: Display Seftings  Save Print Help  About

Action:
Plot Raw Data line: no
Plot Filtered Data Data mode VDM
Plot Decimated Data
Plot Noise Analysis
Plot Neg.Corrected
Plot B-L Corrected
Plot Initial Model
Plot Inverted Model
Plot DatajResponse
Hel00] . 9 . 38 48 5%
Distance (m)
Quit

12
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If the display is like the following, it means that your search radius was too large. You
must reselect the profile.

[ EMdSoil-v1: EM Laterally Cos
Ext Survey Input DaaProces:

=1o/x

Display Settings  Save Print Help About

Action:

Plot Raw Data line: pl
Plot Filtered Data Data mode VDM
Plot Decimated Data 5
Plot Noise Analysis
Plot Neg.Corrected
Plot B-L Corrected
Plot Initial Model
Plot Inverted Model
Plot DatajResponse
Plot DOI
Quit

After importing the profile you can filter, try to correct negative values etc...

If the data did not have any negative value, an initial model was saved (you have been
informed about it during the data input) and you can use it for the inversion.
If it is the case, go to the inversion and select the Inversion Parameters:

-

Action:

Plot Raw Data line: ne
Plot Filtered Data 53 Data mode VDM
Plot Decimated Data :
Plot Noise Analysis
Plot Neg.Corrected
Plot B-L Corrected L 183
Plot Initial Mode! e

Plot Inverted Model
Damping factor :
Plot Data/Response CALiE) 0-070

Number of iterati 3 - o
o] umber o |eva|nns . 2, S'BD‘ X 4.8 ( 57
Dat 8 istance (m)
# ata error

¢ Algorithm S1
& Algorithm S2

0K

After that, go to the Inversion, Inversion Q2D, Inversion calculation (FS):

Il EM4Soil-v1: EM Laterally Constrained Inversion

Exit Survey Imput DataProcessing | Inversion Display Settings Sawe Prink Help  About

Parameters
Input initial model (QZ0)

Action:

Plot Raw Data Inversion Calculation (CF)

I 1

—=— Sy

Plot Decimated Data

301.5
250.9

Plot Filtered Data | Bppraisal of Inversion

Plot Noise Analysis

13
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Select the data you want to invert:
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Il Data Selection

Choose data for inversion
[default is RAVY DATA]

FILTERED DATA
DECIMATED DATA
NEG.CORBECTED
B-L CORRECTED

oK

The following warning will appear:

n ofPata Selection

The inversion will take a while, Please, be patient,
Conkinue?

Click on YES (SIM is yes in Portuguese language). The program will start the
inversion. You can follow the inversion in the DOS windows opened when the EM4Soil
program started.

14
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- =13l

Action:

Plot Raw Data
Plot Filtered Data = Data mode VDM

Plot Decimated Data_|

Plot Noise Analysi i ® D: \FERMerrabtod EMSAPROFILER x. e
| i +NFERNT: NEMS4PROFI LER o EMH
'ROFI LER\3_EM1d

'lel'l
Plot Neg.Correcte Yl " DI \FERT crraERwa EMS4PROF] LER . ENFY

Plot B-L Correcte
———— Full Solution
< 1)

Plot Initial Model freratione o
s PROFILER

-Phih. Phi 1000000
28.12926

PlotInverted Mod:
Plot Data/Respont 8 :
B e ni PhiblPhi 615891
PlotDOI [T 12 han Eorey [mversion T
-Phi 14.581087 -86194
i 1!

Inversion Finished

Quit

Clicking in OK the program save all the needed files and you can now see the inversion
results and save the model for further processing.

Use the buttons on left of the screen to display the data/results misfit and the model

also:

Action:

Plot Raw Data e lihe: no
Plot Filtered Data o
Plot Decimated Data
Plot Noise Analysis
Plot Neg.Corrected
Plot B-L Corrected
Plot Initial Model
Plot Inverted Model
{Piot Datajiesponse |
Plot DOI
Quit

Plat Noise Analysis
Plot Neg.Corrected
Plot B-L Corrected
Plot Initial Model

i Piot Inveried Model

Plot Data/Response
% Calculated Model

Elevation {m)

Distance (m)

In this particular case the misfit is very high. There are several factors that affect the

misfit values: data quality (the most important),

initial conductivity, number of

15



EMTOMO

‘ emtomog@gmail.com

iterations, damping factor...etc. This model was made using the default parameters. A
better model can be calculated using a damping of 0.02 and 15 iterations.

After to calculate a satisfactory model, this should be saved. Go to Save option:

I EM450il-v1: EM Laterally Constrained Inversion
Exit Survey Input DataProcessing Inversion Display Settings | Sawe Print Help  About

Save Initial Model (10
Save Initial Madel (QzD)

Action:
Plot Raw Data

Save Processed Daka 3
Plot Filtered Data

Save Iny |
Save Inversion Misfic
Save Maodel Response

Plot Decimated Data

Plot Noise Analysis

Save DOT Result
Plot Neg.Corrected e ==t

Plot B-L Corrected

....
_____

_____

Plot Initial Model

NOTE: if your data have negative values (even if they have been corrected) the
program does not do an initial model. In such case before the inversion you must define
an initial model. Go to Inversion, define initial model (see the sequence of screens):

-

Action;
Plot Raw Data

Plot Filtered Data

Plot Noise Analysis

|
|
Plot Decimated Data |
|
Plot Neg.Corrected |

Plot B-L Corrected |

M Initial Model

Plot Initial Model Bl

Plot Inverted Model ¢ Manually (1-D)
{* Automatic

" Open File [1-D)
0K

Plot Data/Response

Plot DOI

Quit

16
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line: no

=
B
B
o
&

Initial Model

Your data set is not complete.

Automatic canstruction of an

uniform initial model is possible.

Please, go to Inversion/Input initial model,

I e ] e e

]

Action:

Plot Raw Data

lineg: no

Plot Filtered Data =10 x|

Exit:

conductivity [mSfm]

Plot Decimated Data

Plot Noise Analysis

Plot Neg.Corrected

Plot B-L Corrected ‘

Plot Initial Model \

Therefore an initial model of uniform conductivity of 130 mS/m was defined. Now you
can do the inversion.

D- Using the Map Module to display the models

After to have the models calculated you can back to the Map Module going to the Input,
Go to Map option. Then go to Display, Models. The following warning appears:

17
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L

EM450il - Map module |

Please, read in the files of inverted models
in orderto plot hotizontal slices,
Do yiou wank to continue?

Clicking in Yes you will input the models file:

Procurar em: I ) Mahfooz j = =¥ EH-

ﬁproftoems IET p2 @pmftoems
r.:=_‘1 emp-005 @ P4

|'.'éj emp-012 @ treta

r.2=_‘1 lime1 gfaf

r;j line3 Ij proftoems

2] ines |#ErP400__ons

] line? [=]empann_mz

o | EHewe

[Z] modi7 m dualtoems

) modpz PROFLGEMS,FI0

r.:=:1 riodps praftoems. obj

Ej modps lﬂ_ﬂmodel

£l p1 ) PROFEaEMS-readme

Mame do ficheiro: Imodl‘l j Abrir I
Ficheiros do tipo: IAII Filers [%.7) j Cancelar |

[ Abrir e modo s de leitura

v

All the files should be input in sequence. After importing the last model file click in

Cancel and the program will display the first level of your models.

18
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Distance X (m)

In same cases it is better to display the values in a Log scale. This can be selected in the

Settings entrance:

I EM450il - Map module

Exit
Data
* Raw Data
Sites
* Plot sites
" NO sites
Display
' Conductivity
" Resistivity
Contour type
@ Linear
" Logarithmic
Rescale axis
* NO
" YES

0K

=0l x|

Grid geometry
xmin -0.1500

Xmax 3.1500
Y'min -0.8333

Y max 10.8333

Depths [m]:

gELELL

Minimum elev.; -2.8

Maximum elev.: -0.1

You can also select the depth (elevations) of the slices to be shown. To display the next
slice use the right mouse button. Print the correspondent figures using the Print entrance

in the menu bar.

19
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E- Preparing data for the Q3D inversion

Data from a survey (area) can be inverted using the Q3D algorithm. The data should
firstly correct from negative values.

B EMA4Soil - Map module
Exit Display WeEENa{E=t=nl Profile mode

Rokake
Indo Rotation

In
Action:

Plot !
~ | Edit{MotePad)
Plot B Gridding
Filter »
Correction negative values

Delete negative values
T

C

In the next step, before gridding the data, the user should decide about the rotation of
the survey in order to optimize the mesh for the inversion.

I Survey Rotation
=) Exit

Rotation:

Clockwise rotation in Degrees:

angle 0.0

0K

20
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¥ — Northing

BYB1040.46

B7B0B0E.18

Ge0571.06

8780337.68

GTAc103.26

GYTI868.90

GTT2634.66

Distance
1876

230838.08 S3lHELE 531085.04 531158.68 §31304.88

X Easting

Survey: corrected_dets

Rotetion (Degrees); 610

Jurvey Lavout—ERotated

=100.9

1.3
Locel ¥X—axis

16228

16543

anTreaRTT

T

5alave.ns

The rotated result can be saved for future use. However, the gridding of a rotated survey
can be done immediately the rotation with saving the results.

21
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M Grid Geometny @

Exit

Gridding Method: Grid geometry:

f* Inverse Distance Mean distance

Input Data: smin | 0.0000 |

" Raw data
X¥max | 439.0770 |

0K #Xlines

Ymin | 0.0000 |
Ymax | 1405.7987 |
#rlines
Smoothing:
#Xlines
#vlines
Weight

Note: after selection of “rotated” click in OK to accept the selection (this is not
necessary selecting “raw data”). Select the number of #Xlines and #Ylines and click
OK. The gridding process can take a while for surveys with a high number of
measurements. Wait till the program finish. The mean distance value that appears in the
screen is an average value of the diagonal of the mesh (sqrt(dx® + dy?)).

The user should inspect the gridding result using the option Display/Grid/Filtered data.
In the example below the #Ylines value of 100 is too high originating several zones
without any data with consequences in the inversion results.

Grid Deta, Survey: corrected_dats

Dietence Y (m}
Digtance ¥ (m)
Distance Y {m)

—500.0 00 —500.0 o s00.0 —50D.0 on H00.0
Distance % (m) Distamce ¥ (m) Diatance ¥ {m}

g A ]
- B -
Q 1] o
5] o 4]
B =1 =]
o _‘_“3 -3
& q &
] = ]

—BO00 0. EDO.0 —EH0.0 1] ! —BODO oo 2]
Distanee X {rm) Distance X () Diatance X {m}

22
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After the gridding the filter of the topography or of the apparent conductivity values can
now be applied.

The data are now ready to be inverted. To do that, select the parameters . inversion
(number of iterations, damping factor and the algorithm to use. )

node IM Foom  Save  Prink

Parameters

Input initial model
Inversion Q30 L4
Trace Inversion

Appraisal inversion (O30 #

B Inversion Parameters E][E|E|

Exit

Damping factor : 0.07

Number of iterations :

Higher damping factor will smooth the model.
Algorithm S1 allows more variability in the
model than algorithm S2. Algorithm S3 is for
1D inversion without any spatial constraint (a
1D model of 2 or 3 layers should be selected as
initial model for this option).

Data error :

Misfit target :

" Algorithm 51
* Algorithm 52
" Algorithm 53

oK

M Initial Model FEX

Exit

O Manually [1-D]

T S The Manual option is good for algorithm S3.

Automatic and Uniform medium are options

T

1 © Open File (1-D] that use the default layered model and can be
" Uniform medium used with care. The user should prepare a 1D
~ NONE model file according his experience and input it.

oK

23
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The start and finishing RMS corresponding to each section will be presented in a table
for evaluation.

B Q-3D inversion-Results
Exit

Section Miter 1stHMS | endRMS | Repeat
10 38.678 11.212 NO
10 54.339 13.0561 NO
10 46.269 7.004 NO
10 30.528 £.:12 NO
10 44.196 13.629 NO
10 49.828 14.097 NO
10 46.615 7.693 NO
10 27.195 h.h08 NO
10 47.433 14.822 NO
10 48.220 18.146 NO
10 46.406 9.566 NO
10 32.119 b.150 NO
10 51.022 14.052 NO
10 h2.740 20118 NO

IS Y [ Y [ J— p—
gl ol B ] e = = PR ] | T D Q3] P -

10 49.663 9.180 NO
10 38.728 4.646 NO
0K

Q-3D inversion-Results

WARNING
This is an inwersion of a rotated survey.
The original survey orientation has been recovered.

197.8 270.8
Distance X (m}

24
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The final model can be displayed in different ways.

B EMA4Soil - Map module

Diata Processing  Profile mode

Inversi

Act Survey layout
Raw Data L4

aridfFiltered Data

Q20 Model Slices

130 Maodel Horizonkal slices  »

Wertical slices

Settings 3D visualizakion  » |
MisFit '
Window size Prafiles |

ion Misfit Maps. Sur g cted_date
rror (m3/m}k 1G82420

HOP-1

00 1060.3

g
o

&30 BOLG

30 0.3

;

—G04 0o

Diztance ¥ {m)
Distenee Y €m)

Distance Y {m)

=100.40 —=100.0

=500 (41 ) 500.0 —S00.0 oo [O0.0 —5000 oo 5000
Distance X (m) Diatance X (m) Distance X (m)

]

8
o

¥

Distanee 7

Distance
1

L

B 4

b B

—B00.0 og —G600.3 [114) a00.0 —BO0O oo
Distanee X {m) Distance X (m) Diatance X

—

q 500 1000 1500
iafit %
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Q20 Model
corrected_data

1779

—3E3.9 —311 it 6345 =1 —14.5 o0.o
Y-Northing {m}

X—Easting {m}

Legendes
HCF—1m

PREF—1m

HCP—Em

FEP—2m
HCP—4m
PRF—4m

T-Northing

26
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p. Cond. {mS
App. Cond {m3/m]}

Ap

45

X—Easting {m} Y—HNorthing {m}

Legende
HCP—1m

PEF—1m

4 HCP—R2m
+ PREP-2m
+ HCP—4m

PRF—4m

T-Northing

The user can save (mainly the MAP file) and print the results using the Save and Print
options in the menu bar.
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