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1. General information about X2IPI

X2IPI — 2D electrical resistivity tomography processing tools that allows you to:
e check and correct field data,
e analyze IP data,
e merge or separate data sets,
e optimize ERT sequences,
e prepare files for 2D inversion and analyze the result of 2D inversion,
e prepare files for 1D interpretation of VES curves from ERT data.

1.1.Copyright

© Alexey A. Bobachev, 1999-2023. All rights reserved. All trademarks and all registered trademarks
mentioned throughout this manual are the properties of the corresponding owners.

1.2.System requirements

X2IPI is supported by any PC with Windows XP — Windows 11 operating system installed.

2. Overview of the X2IPI toolbox

X2IPI is a toolbox designed for data processing of 2D Electrical resistivity tomography. This software
helps you to
e configure ERT unit protocols (sequences) for optimal measurements procedures
e test and evaluate the quality of the field data
e prepare the input files for programs of two-dimensional inversion
X2IPI works with field data formats of some ERT units:
IRIS Instruments (France): SYSCAL-PRO, SYSCAL-R2
ABEM (Sweden): TERRAMETER LS, SAS4000/SAS1000
AGI (USA): SuperSting

X2IPI supports RES2DINV (Geotomo Software) and ZONDRES2D (Zond Software) data formats. It is
possible to export tomography data and inversion results to IPI2ZWIN (Alexey A. Bobachev) software for 1D
VES curves interpretation.

2.1.Input files formats

X2IPI software works with different input file types. Three main types are
e protocol (sequence). It describes the order in which measurements are performed
o field data (output file from the ERT instrument). Data have usually binary and closed-proprietary
format. Before opening it has to be converted to [.txt] format
e input file for the inversion software (RES2DINV). Roughly speaking, it is the result of field data
processing
e input file that contain IP data. This type is designed specifically for the IP decay curve processing

2.1.1. Protocols (sequences)

The primary type of ERT protocols has [.txt] format that used by IRIS Instruments in ELECTRE Il
software <SEQ from Elecell (IRIS Instruments)>. This format is supported by the current version of the
program — ELECTRE PRO.
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A [.txt] file consists of two parts. Coordinates of all electrodes are described in the first part
(electrode number, X-, Y-, Z- coordinates).

(Note!) X2IPI reads only the electrode number and its X-coordinate.

The second part describes electrode numbers for each measurement (number of the present
quadripole, A-, B-, M-, N- electrode numbers). For a remote electrode null ("0") must be specified in a
corresponding column. This format is compatible with different instruments: SYSCAL-PRO, OMEGA-
48, SIBER-64. When you export a [.txt] protocol from ELECTRE PRO i XYz

0.00 00

the third part is added to the result file. It contains information about |z 1.00 0 0
ey . . 3 2.00 00

the changes of the initial file that happed before the export. This part |4 3.00 0 0
is not supported by X2IPI yet. & 5.00 0 0
X2IPI supports the old ELECTRE [.seq] format also (<Syscal s Ej 88 8 8
sequences>). ) 50008

X2IPI can read ABEM (Sweden) protocols of 3 1900 05
TERRAMETER LS instrument, <Protocol from ABEM (XML)> (see 13 R
Owubka! UIcmoYHUK ccblaKu He HalideH. Owubka! UIcmovHUK ig ﬁ gg g g
ccbinKu He HalideH..OwubKka! MIcmoYHUK ccbiiKu He HalideH.) 17 16.00 0 0
19 18.00 0 0
20 19.00 0 O
21 20.00 0 0
2.1.2. Field data 2 53100 0 0
24 23.00 00
. . . &
The basic field data file has a [.txt] type and came from |7 A &M1 5 13 1"
PROSYS Il format (IRIS Instruments, France): : : A 13 12
<Menu — File — Export and save — Spreadsheet...> N i 2 12 11
All data must be saved in different columns. The order of these (S e : 12 18
i H HS 8 8 9 19 18
columns is arbitrary and some columns may be missing. The type of |3 5 10 30 1o
i i i i i 10 10 11 21 20
column is defined by name in the first line. 19 19 3 3 39
12 12 13 23 22
13 13 14 24 23
o # Data point number
e Spa.l X-coordinate of electrode A (C1) for a specific measurement line in protocol
e Spa.2 X-coordinate of electrode B (C2) for a specific measurement line in protocol
e Spa.3 X-coordinate of electrode M (P1) for a specific measurement line in protocol
e Spad X-coordinate of electrode N (P2) for a specific measurement line in protocol
Note! Value 99999.99 is reserved for a remote electrode
e \p Measured primary voltage (in mV)
e In Injected current intensity (in mA)
e Rho resistivity value (in Ohm-m)
e Dev standard deviation (quality factor, in %)
e M global chargeability value (induced polarization parameter, in mV/V; "=0" if only
resistivity data)
e M1/M20 partial chargeability values (induced polarization window, in mV/V; "=0" if only

resistivity data)

The field data file can be opened in X2IPI by two ways:
<Data from Prosys (Iris Instruments)>
<Data from Syscal-Pro (Prosys)>
The second way allows to remove non-labeled linking measurements.
TERRAMETER LS field data should be read by another file type — <Data from ABEM (txt)>.


http://www.iris-instruments.com/Product/Brochure/syscal.html
http://www.iris-instruments.com/Product/Brochure/syscal.html
http://www.geotechru.com/market/geophysical_equipment/electrical_exploration_instruments/resistivity_system_omega-48/
http://www.geotechru.com/market/geophysical_equipment/electrical_exploration_instruments/resistivity_system_omega-48/
http://sibergeo.com/products/siber-64/?lang=en#_blank
http://sibergeo.com/products/siber-64/?lang=en#_blank
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2.1.3. Input file for the inversion software (RES2DINV)

There are two main goals in X2IPI usage: field data processing and preparation of data file for the 2D
inversion software. That is why X2IPI output file has RES2DINV input format [.dat]. The format is supported
by the most of 2D ERT inversion software solutions.

There are two different formats for RES2DINV: standard format supports basic arrays (e.g.
Schlumberger, pole-dipole etc.) and general format allows user to work with any electrode configuration.
General format is a very easy way to combine measurements obtained with different electrode arrays into
one data file readable by RES2DINV. Moreover, it is impossible to do in RES2DINV when [.dat] file contains
data of more than one electrode array type.

X2IPI solves the problem. It analyzes and divides [.dat] file into parts by the type of electrode array.
Then it plots apparent resistivity pseudosection for each array type found in the file.

X2IPI can also work with data from inversion results file [.inv] of RES2DINV.

2.1.4. Induced polarization decay curve data

Standard way to save IP decay curves is the format of company GEOSOFT <Save — Data — GEOSOFT>.
Also there is a modification of RES2DINV data format proposed by Torleif Dahlin. The option <Menu —
Save — Save options — Remove IP decay> allows to remove IP decay curves from the data.

2.2.Main menu

2.2.1. Load menu

= Load [ESave Save options
[1 New protocol Ctrl+MN
& Open Ctrl+0

MRUD v
= Append Ctrl+A

Synthetic curves
Extract duplication

Make control

B Exit Alt+X
e New protocol (Ctrl + N) Create a new sequence file
e QOpen (Ctrl + O) Open input files
e MRUD The list of Most Recently Used Directories, open file in another catalog
e Append (Ctrl + A) Append a protocol, a data file or a [.dat] RES2DINV file to already
opened files of the same type
e Synthetic curves Replace field data by synthetic data from [.inv] file
e Extract duplication Divide data set with repeated measurements in some data sets. For

example, forward and reverse dipole-dipole data into files
e  Make control Find repeated readings and svave then in filename.ctrl.txt file.

o Exit (Alt + X) Exit X2IPI


http://www.geosoft.com/products/oasis-montaj/overview
file:///K:/Users/Lesha/Бобачев/Downloads/L:/x2ipi_www/040916/program/..../files/IP%20data%20format.pdf%23_blank
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2.2.2. Save menu-SEQ
€ Save Save options Exchange Options Contours About
SEQ M [E] Elecre
DATA * =5 Elecre I Ctrl+S
Borehole ' Lund protocol (ABEM)
Remote electrode i s2d (SIBER 48)
28 Scalab4K15/48K12

Sorting C

Optimize SGD-COM (SWI)

Extract array == Make Long protocol

Merge SEQ. v Clear electrodes

Reciprocal SEQ ’ Switcher

Waorksheet
IE2DP »
|
Electre Save binary protocol file for old ELECTRE program (IRIS Instruments)
Electre Il Save [.txt] protocol file for ELECTRE Il and ELECTRE PRO programs (IRIS
Instruments)

Lund protocol (ABEM) Save Lund [.org] protocol file (ABEM). TERRAMETER LS TOOLBOX
software (supplied with the equipment) can convert [.org] file into
modern [.xml] format to work with TERRAMETER LS and TERRAMETER

LS2
Make Long protocol Make protocol with odd (!!!) electrode numbers only — LONG32 type
for ABEM 4x21 spreads system
Clear electrodes Remove unused electrodes from protocol
Switcher Prepare protocol for COMx64 switcher box (Nord-West, Russia)
Worksheet Text protocol file with additional columns (see figure below)
68 335.00 0 0
69 340.00 0 O
70 345.00 0 O
71 350.00 0 O
72 355.00 0 O
# na ne nM NN x AB/2 MN K
1 1 16 70 55 172.5 135 75 10145
2 1 16 66 51 162.5 125 75 7941
3 1 16 62 47 152.5 115 75 6073
4 1 16 58 43 142.5 105 75 4513
5 1 16 54 39 132.5 a5 75 3234
3] 1 16 50 35 122.5 85 75 2210
7 2 17 71 56 177.5 135 75 10145
g 2 17 a7 52 167.5 125 75 7941
g 2 17 63 48 157.5 115 75 6073
10 2 17 59 44 147.5 105 75 4513
11 2 17 55 40 137.5 a5 75 3234
12 2 17 51 36 127.5 85 75 2210
13 3 18 72 5 1825 135 75 10145


http://www.nw-geophysics.com/index.php?a=0

X2IPI — User Manual 2023

2.2.3. Save menu - DAT
[El Save Save options Exchange Options Contours About
SEQ Bl B -t i
DATA * Res2dInv Ctrl+R
Borehole ' BB Res2dInv (general) Ctrl+G
B Time-
Remote electrode fi? Time Lapse
Res2dmod(txt) ¥ Senslnvad
Sorting | % GEOSOFT
0 s 7ondRes2d
Prosys II
Extract array
Prosys III
Merge SEQ 4
Reciprocal SEQ v # Ipi2win Ctrl+1
IE2DP 4
Res2dinv (Ctrl + R) Export data file to RES2DINV inversion software with the index based

Res2dInv general (Ctrl + G)

Sensinv2d
GEOSOFT

ZondRes2d
Prosys Il / 1l
IPI (Ctrl +1)

2.2.4. Save menu

data format

Export file to RES2DINV inversion software with general electrode
configuration format. This feature of RES2DINV is to cater for
electrode arrangements that do not fall under the usual array types or
electrode arrangements, or unusual ways of carrying out the surveys

Export files to SENSINV2D inversion software

Save data in GEOSOFT format, mainly for managing IP data
Note! Available for [.txt] data only

Export data in ZondRes2d format
Export data in Prosys TXT format. It's supported by different software.

Export file to IPI2WIN software for 1D interpretation

ESave Save options Exchange Options Contot

SEQ 3 BN =E
DATA P72 txt 0
Baorehale ’

Remote electrode

ResZdmod (txt) T2 Distance
Sorting r Syscal-Pro
Optimize AB lengths
Extract arrav AB length Rev
Merge SEQ » Maximal
Reciprocal SEQ ¢ SIBER 48
IE2DP r

Borehole

Remote electrode

Work with ERT measurements obtained in boreholes

Input coordinates of remote electrode for pole-dipole array.
Apparent resistivity will be corrected then according its
position



Save option — Save resistance
Save option — Remove IP data
Save option — Remove IP decay

Res2dmod(txt)

Sorting

Optimize
Extract array
Merge SEQ
Reciprocal SEQ
IE2DP

2.2.5. Save options menu

Remove IP data
Remove IP decay
10 unit

Model refinement
Topography key
Geometric factor
Save resistance

Underwater
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Save resistances instead apparent resistivities
Remove IP data from data set
Remove IP decay for 2D inversion in RES2DINV software

[.dat] format of RES2DMOD software. It works with any non-
conventional and allows you to calculate 2D sensitivity
pseudosection for arbitrary array

Change the order of measurements in
multichannel equipment

protocol for

Optimize the order of measurements in protocol for Syscal Pro
Save data or protocol for selected array only

Merge protocols files into one protocol file

Save protocol file for reciprocal array

Convert protocol file into RES2DINV format. Geometrical factor
(K) is saved as apparent resistivity

Save options Exchange Optio

Remove IP decay

IP unit: mvi/v *
v  Model refinement

Topography key ’

Geometric factor 4

Save resistance

Underwater 4

Remove IP data from data set

Remove IP decay for 2D inversion in RES2DINV software
The label for IP data in Res2dinv data format

See "Use model refinement" in Res2dinv Manual

See Res2dinv Manual s

See Res2dinv Manual s

Save resistances instead apparent resistivities

Options for underwater ERT survey
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Exchange Options Contours About

Aand B

Mand N

Mirror profile |

Mirror and shift

AmnZmnB

Remove

Folded cables 2(36)
The first cable mirror (1-36)

The second cable mirror (37-72)

w R AR
\ - =M

L

(==}

] Abs. values

nes 0]
Remove odd A

Remove even A
Remove odd MN

Remaove even MN

Remove doubled points
Save doubled

Aand B
Mand N

Mirror Profile

Amn2mnB

AMN->NMINB

Remove

Folded cables

Exchange A and B electrodes in protocol file
Exchange M and N electrodes in protocol file

Reverse coordinates of electrodes in protocol or data files. For
example, if 1* electrode coordinate is 0, 2"is 1 and the last one is
N, then the modified file will have 1** electrode coordinate at N,
2" at N-1 and the last one at 0

Transform AMN [.seq] file (forward pole-dipole) to MNB [.seq] file
(reverse pole-dipole)

Transform forward Pole-dipole array to reverse one using
electrodes numbers only

Remove some electrodes for pole-dipole array protocol to
decrease time of measurements or work with non-polarizing
electrodes

Transform protocol for work with folded cables to decrease inter-
electrode spacing twice (see picture below)

Note! This procedure is available for one electrode array type only
(e.g. only forward pole-dipole, only Schlumberger, etc.)

The first cable mirror

N
2
(o3}
~
co
©
N
o

Remove doubled points

Save doubled

o—vq
oy
o—9
o—
o—9
o—aq

Remove repeated measurements from data set

Save repeated measurements into [.dat] file

-10-



2.2.7. Options menu

Interpolation

Round off

Round 1 meter

Pole-dipole

Asymmetrical as ...

Array animation

Save animation

Geosoft line

Styles

2.2.8. Contour menu

11 colors

Increase (<NUM colors>)

Decrease (<NUM colors>)

Pale
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Options Contours About nData
Interpolation He ]
Round off ' 2
Round 1 meter 3
Pole-dipole 4 100
Asymmetrical as ... ' Extra spacing
Make pole-dipole Unlimited space interpolation

Array animation

Save animation

GEOSOFT line: 72

Styles

The maximum number of missing points in pseudosection to
interpolate contours. If number of missing points in closed area is
higher than specified number, the area will be blanked

Round off electrode position to decrease number of spacing (can
be useful in case of irregular unit electrode spacing). This option
did not change electrode coordinates in output file

Change the position of electodes. Do not change the spacing. It is
useful for Syscal Pro Deep Marine data (blog)

Horizontal position of reference point for pole-dipole array data.
Reload data set to see changes

The variants of asymmetrical (gradient) array data plotting. Reload
data set to see changes (blog)

animation of measurements order corresponding to the protocol
file

save a [.bmp] file for each measurements to X2IPI catalog

Note! If enabled, hundreds of files will be saved

line number variable for data file in GEOSOFT format

Choose one of pre-defined window themes

Contours

11 colors

Increase (41 colors)
Decrease (11 colors)
Fale

Contour menu allows you to modify the color scale of plotted pseudosections (Display window).

11 value levels will be used to plot pseudosection

<NUM> value levels will be used to plot pseudosection (<NUM> is

larger than the currently used number of levels)

<NUM> value levels will be used to plot pseudosection (<KNUM> is less

than the currently used number of levels)

Less saturated colors will be used to plot pseudosection

-11-
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Note! More options are available in Advanced Display window

2.2.9. IconBar

The following icons are available in the icon bar:

O Create a new protocol file

= Open file

E,"’ Append file to already opened file of the same type ([.seq], [.txt], [.dat], [.inv])

Save [.seq] protocol file for old ELECTRE program (IRIS Insruments)

i Save [.txt] protocol file for ELECTRE Il and ELECTRE PRO programs (IRIS Insruments)

[ | Save [.org] protocol file for ABEM instruments. Use TERRAMETER LS TOOLBOX software
(supplied with the equipment) to convert [.org] file into modern [.xml] format

¥l Export file to [.dtg] or [.dat] for 1D interpretation in IPI2WIN

@ Export file to [.dat] for RES2DINV inversion software with specified electrode
configuration format (Schlumberger, pole-pole, pole-dipole, etc.)

@ Export file to [.dat] for RES2DINV inversion software with general electrode
configuration format
Export files to [.gem] for SENSINV2D inversion software

= Save data to [.dat] in GEOSOFT format (mainly for IP data)

& Redraw pseudosection in Dispay window

Contours map in Display window ON/OFF
Display window ON/OFF
Table window ON/OFF

Multi section window ON/OFF

Bh [ o]

o= Open Advanced Display window (only available for data files)

Open Advanced Display window for data set with topography

Tllﬁ.b_ Open Filtering Field Data window (available for [.dat] or [.inv] files of RES2DINV format
only)

Qﬁ Show apparent resistivity or IP data in Display window

ep Show self-potential window

J-CL Exit X2IPI

2.3.Main window
X2IPI has different windows. The first three (Main, Display, Table) are default windows.

-12-
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2.3.1. General Information of file

d Res2Dinv format = O *
& load [ESave Save options Exchange Options Contours About
s m e mEle B o f
G-workdinTavbey 23\finallline4all dat [ Abs. values
(G workdinTavbey 2310909231444 bt | shitxmo ]
SEQ- AMNB Electrodes- 392 Distance 2.m . |ﬂ_ -
R=AB/2 Type of array - Schiumberger (AMNB) Dele[{aes’rhnes N
ABJ2 length (39) from 4 10 133 Overlapping 6 firstlines” |
Data points - 13965 Bad points 0 Quadripoles G348 A MN B
linedall.dat - G hwaorkdifTavbe 23\f|na|\
linedall dat - G \workdifTavbe a3
: x=(M+N)/2
the list of arrays and files | psz=sp2
Section mode
® App. resistivity “oltage Accuracy Synth. resist. Charg. misfit

Chargeahility Current Resist. misfit Synth. charg.

This part of the main window contains general information about opened files. The first line shows
the name of the last opened file. In this first line, you may check <Abs. Values> button.

Next goes textbox for comments. It can be edited and saved after to the first line of RES2DINV data
file. Next few indications are shown concerning the configuration of electrodes: the name of the [.seq] file
used, the number of electrodes, the unit electrode spacing, the type of array, the number of AO lengths,
the number of overlapping measurements (for Schlumberger, pole-dipole and dipole-dipole measurements
only), the total number of quadripoles. None of these indications can be changed.

3 textboxes are placed in a square dialog box at the right part of the window

e Shift (m) shift of all electrodes (coordinates) by a constant value
e Delete — last lines remove a chosen number of bottom lines of the pseudosection
e Delete —first lines remove a chosen number of top lines at the top of the pseudosection

At the bottom you can see the list of selected files and arrays. It allows you to choose data (type of
electrode array), which is currently visible in the Display window.

Finally, at the right bottom corner, there is a small picture that indicates the default convention for
reference point chosen for the plotting of apparent resistivity pseudosection.

DEiIength T [44jfr|:|m1tnlg1vgw o 5\?é?lépp|ng b MoN B
Data points - 3340 Cluadripoles 1207

preéed.dat - Ghworkdifdlex_zima 12202
nreed.dat - G"-,wcurkdlr"-f-‘alex 2|ma1?"-,2202"-,

arded.dat- G i\

List of 5e|ected flles and arrays

2.3.2. Section mode

There are two common parameters that characterize field data: apparent resistivity and
chargeability. Other field parameters, such as Voltage, Current or Accuracy, can be plotted also. Select
parameter you want to plot in Section mode
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T?ZéOB
Section mode

@) App. resiztivity YWoltage Accuracy Synth. resist, Charg. rizfit
Chargeability Current Fesist. mizfit Synth. charg.

It is also possible to open [.inv] files (i.e. output files from RES2DINV software) in X2IPI. It will allow
you to analyze the difference (Resist. misfit) between field data (inversion input) and the direct problem
solution of the final model (inversion output).

2.4.Display window

Display Window gives a plot of data contained in opened files. Electrode positions are shown by the
triangles at the top of the pseudosection.

The conventional positions (reference points) of each measurement is shown by a cross. Bold cross
means that two readings have the same reference point. For example, see next picture where two readings
of dipole-dipole array have the same OO0’ spacing, but different MN lengths (00’/2 = 20, 35, 55, 85 m).

Configuration of array @
¥=92.5Ps.2=45 M=258 nA=8 nB=13 nM=31 nN=28 Delete | Double
A B N I
R B i e e B L e e e e e e e L A e i
FEL FEHEEEE bbb E bbb bbb R bbb bR bbb R bR bR bR b bbb bR b b b
- B L L L L L L T T e L R E e R R e R R T T
15~ B o T T T O o e T e Lk o T T ok T o S o o A A A A A A A A -|
275 L R L L T T N A E T
- B R ol o e o L T
a0- B R o e i R o o SR Ao S -
17 EL L L T 1
- B b o o S B R A L Lk E kRt bk kT oF S R e S A R A
4R B [ L A o R A L Rt T E e P -|
525 B o o S o o S SR S A A S S A S SR S R
- L L L
B0 b
08?5 Bk E Lk Rk Lk b T Tk N A S apr g e A AR R AR
CE75- i
O 75 B o b ok LR T T S e g
8251 B R R N N 1
0= b
R R  E E T T T )
7.5+ b
105+ +++++ B
25 FR IR T
120+ b
+H++++++
1275 b
13& ! |

0 =20 40 B0 80 100 120 140 160 180 200 220 240 2680 230 300 320 340

You can select any particular measurement by clicking on a cross. You will see then information
about the measurement at status bar at the top of the Display Window (protocol number of measurement,
X- and Ps.Z-coordinates (Pseudo-depth or spacing) of the reference point). Then the measurement number
After selecting one measurements by clicking on one cross, the number of the line in the protocol file and
the reference numbers of A, B, M and N electrodes, are shown in the status bar of the default display
window (Note! works for one sequence only). Positions of A, B, M and N electrodes will be highlighted by
squares also (gray color for M and N; blue color for A and B). You can remove the selected point by “delete”
key, by “delete” button at the status bar or by mouse double-clicking.

An electrode may be selected by clicking on the top triangles. All measurements made using this
electrode may then be deleted by clicking on the “delete” button at the Tables window (see Owubka!
UcmoYHUK ccblaKku He HalideH..Owubka! UCmoYHUK ccblaKu He HalideH.).

|Eledrades§ Spacings | Soundings
IXII:'Q.:»— 10 = || X x

P At N
-5 | Delete selected electrodes'
-35 i ]

There is a “double” button at the status bar of the Display Window. It will be enabled if two protocol
files are opened. Clicking it will result in deleting repeated measurements. It is useful for Rolling-along
protocol.

Note! This action deletes all repeated measurements from the last opened protocol file!
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All mentioned above will be available for data files but the “double” button. Additionally, apparent
pseudosection behind the crosses will be plotted.

Data and quadripoles configuration ‘ x|
K=22.5 Ps.Z=8 =268 ---- 208.1 (q=0) Delete | Double
A B M N App. resistivi
crrrrprrnnrrf oo B Mg N g ey A ty
B0 N O S ST ST M ++ 1000
2r + PR ++ -+
EREE +
A P e+ 1 735.6
e T
B P PO E
FAEE AR B o A 541.2
s DRSNS ENIHENIN - NENSHINENININENENNENI NN SNEHENENENENENDN N NENEN HIH B S NN i
B R R R R R E R + 4 308.1
FEFEEEE R R AR R R R R L R R
12- 1 292.9
o T R T g
~ 14 B
C)15 o o B e e 215.4
@] B e
18- 4 158.5
g
en- 1 - 116.6
O
22 1
bt rEE Rt 85.77
24- 4 .
R EE o+ -631 I
26 , . ‘ . . . A . ‘ . . \ . N Ry
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

It is possible to remove pseudosection from Display Window by “Map ON/OFF” button on the icon
bar of the main window. Also you can remove data points from Display Window (see Owubka! UcmoyHuk
ccbinku He HalideH.lcon Bar.Owubka! UICmoYHUK ccbiaKu He HalideH.).

ons Contours About
| 3[:‘3 oy - RSP RL
& Map On/Off
Section On/Off

£ Table On/Off
/ Data points On/Off

Note! The color scale in Display window is always selected automatically. You can increase the range
by <Menu — Contours — Increase or Decrease> (see Contour menu).

X- and Ps.Z-coordinates of every measurement depend on the array type. Different array types and
reference points are shown below.

A MN B AgB  MyN A M NB AMN B AMN B
OT. 7—.
ANV W
x=(B+M)/2 x=(M X=(M+N)/2 = (M+
x=(M+N)/2 : Z=A x=(M+N)/2 (M+N)/2
PozoaBly ~ Psz=0072  Ps. PoZeABS Ps.2=AQ .,  PsZ=ABJ2

X-coordinate of reference point of pole-dipole array can be set to the center of MN, center of the
electrode array, position of the current electrode (<Menu — Options — Pole-dipole>) (see Owubka!
UcmoYHUK ccblnku He HalideH.. Owubka! UcmoYyHUK ccblaku He HalideH.). All these ways for one pole-
dipole data set are shown below.

[
ABIZ.m Apgarent resistivty psedosestion (WMN] A (L]
5 BT
0| = e
10 i 383
316
261
15 215
178
20- 147
121 .
= 100 C f d I
enter of MN dipole
30- 681
56.2
35 464
- 383
40- 316
= 261
45- 215
= 178
50- 147
-
125 pi} 375 50 625 75 875 100 113 125 138
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[
B2 M Apparent resistivity psedosection [AMN] ﬁ [ m
562
5 i B e
10 - 3|3
316
261
15 215
178
20- 147
121
* 10 f
Center of array
30- B81
56.2
35 464
/3
@ =i
45- 215
= 178
- 147
|
125 25 375 A0 £25 75 875 100 113 125 138
=2
BB/2,m ‘Apparent resistivity psedosection ([AMN] h{n m]
5 —] 562
—1 464
10 383
316
261
15 215
178
20- 147
% 121
100 I d
Current electrode
30 681
56.2
35 464
383
@ B
45 215
= 178
50- 147
|

0195 0% 376 50 &2 75 @5 100 113 1% 138

You can change the X-coordinates of reference point for asymmetrical array (<Options —
Asymmetrical as ...>) (see Qwubka! UIcmoYHUK ccblaKu He HalideH.. Owubka! UICMOYHUK cCbiaKU He

HalideH.).
<Asymmetrical as ... — Gradient array> g o g
-
classic presentation of Multiply gradient array | it
data = b
Y W I S A B b
A MN B o M O AM s 3 MR | 5
100 453
I ... ... .. 422
B
z A —
SR .. Y | =m

X:[‘M.’H}l‘,n'z 25 B0 75 100 125 180 176 200 25 250 275 300 325 30O 375 400 4% 450 475

H H t resistivity psedosection )_Gradients-Asymmelr) m] =
<Asymmetrical as — Gradient 2> o O SRR e "
““ e
presentation of gradient array data with “ommw YE ROV E ' ::
pseudo depth depending on AB length ° s
59.3
A MN B - I BRI L T | E
o W
12 e
130) A = 41
140 = 23
xz { M+N)I|r2 = 25 5[I. - 7’5 : ;EIEI. .125 .WEEI 176 Z[IEI. .2;5‘ ZE[I : Z;E‘ 3[I[I .3;5 - 35[; - 3;5. ;EIEIL .0;5 450 475 - *

Ps.Z=AB/2

H Apparent resistivity pssdosection [SMN_B] ] =
<Asymmetrical as ... — Force PD> g — § — =
. . . - e
presentation of gradient array data like pole- i o
dipole data. It is optimal way to see all data of | 12 ‘1‘ i

% B0 75 10 135 180 175 200 26 %0 /5 M0 5 /O 6 400 4% 450 475

Multiply Gradient array &

ABI2.m Apparent resistivity 1 (A_MINB) pe(Om
zu—vv'%' ] " =117
926
A A N % . 2
60 681
584
80 50.1
100 43
=
= 359
120 =
hi =oe
50 160 %0 200 250 300 330 00 430

x=(M+N)/2 x=(M+N)/2
Ps.Z=AO Ps.Z=0B

<Asymmetrical as ... — Force Dipole-dipole>

presentation of dipole-dipole data with
different lengths AB and MN dipoles
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2.5.Tables window

Tables window has different pages : Data, Electrodes, Spacing, etc.

2.5.1. Data table

Table

Data Electrodes | Multinodes | Spacings

Max. g (4)f5 &3] Min. U 0
Iin 1[0 | Min Rof01 || Mex Ro[5.0E+5|
Iin. 1P [-10 ]| [Max. IP[25 |

M Fs.Z bt bAMN Koarr.
408 175 1125 5 h27.8
409 165 255 20 16131
410 7k 1125 5 £9.81
411 B2h 3175 3/ 1267
412 1175 1775 B5 2480
413 30 150 10 2030

m

Data page is formed from contents of the file if protocol (sequence) opened ([.seq], [.txt]):

X2IPI — User Manual 2023

N Measurement number of the specific record in the protocol
Ps.Z Ps.Z-coordinate (Pseudo depth) of the data point (in m)
X X-coordinate of the data point (in m),
MN MN length (in m)
Karr. Geometrical factor of the electrode array (in m)
Table ™ =]
m Electrodes | Spacings | Soundings | Profiling | ¥ correction
Max g ()5 &) Min dU[0 || Min 1[0 || MinRaf01 || Max Ro[5.0E+5]| Min. IP[-10 || Meax IP[25 |
| Decay che| | —————
M FsZ * MM AppRe: q W | IF MNdata SP -
404 175 7.25 05 16864 nz 22 49.85 14.08 438 -3.2
406 1.25 775 05 1672 0.2 44.23 49.85 151 439 2.7
406 075 825 05 1786 01 1417 4985 914 440 25
407 725 1.25 15 1622 13 378 4994 10.81 443 19 =
408 576 2.75 15 172.21 04 632 49.94 9.78 444 5.4
409 425 425 15 1764 0 1202 4984 307 445 523
410 375 475 05 1786 04 -5063 4384 294 44k -49.4
411 475 3.75 15 1747 0.4 -9466 49494 5.04 447 247
12 BZh 2.25 15 16893 1.2 -5242 4994 9.19 443 224
413 BB 2 1 1666 06 3153 4384 1053 449 2.4 -
Data page is formed from contents of the file if data file opened ([.txt]):
N Number of the data point. Usually it equals to measurement number in the
protocol
Ps.Z Ps.Z-coordinate (Pseudo depth) of the apparent resistivity data point (in m)
X X-coordinate of the apparent resistivity data point (in m)
MN MN length (in m)
App.Res Apparent resistivity value (in Ohm-m)
q “Quality” factor given by SYSCAL instruments (in %). It is a dispersion of stacked
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measurements: the closer it to 0, the most stable are the measurements

e V Mean potential difference measured between M and N electrodes (in mV)

Note! Not available for [.dat] files (RES2DINV) ([.dat] files contain only resistivities)
o | Mean intensity of current injected between A and B electrodes (in mA)

Note! Not available for [.dat] files (RES2DINV) ([.dat] files contain only resistivities)
e [P induced chargeability (units are determined by the instrument)
e SP self-potential data if exists (units are determined the instrument). Can be plotted

by SP button (see OQwubka! UcmoyHuK ccoinku He HalideH..Owubka! UcmoyHUuK
CCbIAKU He HalifeH.)

In case of [.txt] SYSCAL data files, the upper bar of Data page allows you to delete measurements of
poor quality following by one of the next criteria:

e Max. q Quality factor (in %)

e Min. dU Minimum measured potential difference (in mV)

e Min.| Minimum injected current (in mA)

e MinRo Minimum apparent resistivity (in Ohm-m)

e MaxRo Maximum apparent resistivity (in Ohm-m)

e MinlIP Minimum induced polarization (units are determined by the instrument)
e MaxIP Maximum induced polarization (units are determined by the instrument)

Note! Data points with values higher or lower than selected threshold will be discarded.

You can remove data point by selecting corresponding line of the table and “Delete” key or “Delete”
button. Repeating this action will undo deleting.

Decay chart checkbox will be available if data set have IP decay data. Clicking on the box will activate
IP decay curve window for selected data point.

able .~
f IP decay curve @

Data Electrodes | Spacings | Soundings | Profiling | X corection

M D " "I i | Min Fio0.1__| [Max Ro5.0E +§ > B ‘\
V' |Decay che|' = w
1 iL 5 30—

Y™ e E—— v | [ Ndd| E \

3 125 1425 05 2383 0 M7 5823 137 || = 51 \\

¥ 075 1475 05 2288 01 2157 6923 315 3/ || § 204+ ~—_]

=) —
3 375 1125 05 189 02 6443 s973  17@ w || B o 1
o \
¥ 385 1175 05 1752 01 7939 sers 1850 | (| 3 T
10— —

@ 275 1225 05 1844 02 17 5978 2264 40 || &

39 225 1275 05 1886 02 1795 5978 2022 41 51— —

0 175 1325 05 2286 0 3577 697 4B® 42 0

N 128 1375 05 2434 0 7721 5878 271 43 400 600 800 1000 1200 1400 1600 1800

Relaxation time, ms

Ilaz 075 1428 08 234 0 227 897 287 44

43 375 1075 05 19895 01 GEOG 5904 17E7 47 Help P winciov¢ Options
(|44 225 mes 05 tem 0z w4 sw4 198 4 gomiMi 2 - Etggels

46 275 1175 05 1725 02 1081 5904 2185 43 I'% CDWBMPHE?CUWEMFH B2 Copy l Heproxp  To MOIB0 v Fpog
46 [zs Jfzes |ps |fss |[os|[ros | pova | [ese | o |
|| La i7e  lhe7e lhe |haes 1Rzlbary |kang 1 bros | |

Tavie

Data Electrodes | Spacings | Soundings

Mex o (%5 2| piviemetikf@—fiprtimtf || [Mir
: = ﬂ'y*-—Deu:aycH - [

N PsZ X TN AppRes g P
|1 375 1325 05 2188 0 2268

Decay track bar will be available if data set contents IP decay data also. It allows to plot
pseudosection of partial chargeability in Display Window.
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Diata Electrodes | Spacings

T‘i' TECETT, |5 =] |Min.dUE|| p

1 = - [l Decay che| =

T - - M Appld
"~ [Show IP times sectionsl pp

i) (s s U5 2188

! 2 nc 1270 nc an e

“Show IP times sections” button will show pseudosection of partial chargeability for all decay time
windows. “Filtering IP time data” button allows to filter partial chargeability data for each time window

separately.

2.5.2. Electrodes page

Table B T
Data Electrodes | Spacings | Soundings | Profiling | * correction
DRBBB| XX v || (Faxa2)

M * Alt -

1 -10 12325 3 1220
2 0 12323 1200
3 3 12322

4 10 : 1180
g 15 1231 467 1160
B 20 12305 1140
7 25 1229 667

8 30 1228.667 1120

Electrodes page indicates:

o« N
o X
o Alt

Reference number of the electrode. In the case of one opened SYSCAL, the
reference numbers fixed by the used multinodes are precised. In the case of
several opened SYSCAL data files, the electrode reference numbers are
generally put in the simplest way beginning at 1 and ending at N (N, total
number of used electrodes). But if the same multinode layout is used for all
the opened SYSCAL data files (e.g. time laps monitoring) the reference number
will be the same than in the case of only one opened SYSCAL data file. In the
case of one or several opened [.dat] or [.inv] RES2DINV file, the reference
numbers of electrodes are always put in the simplest way.

X-coordinate of the electrode (in m)

Elevation of the electrode (in m)

Tool bar of Electrodes page allows:

. B
s &
. BB
%
X
. @

copy all electrode positions (X and Alt) to the clipboard

paste electrode positions (X and Alt) from the clipboard.

Note! Be sure to past same number of electrodes

paste topography data (X and Alt) from the clipboard and calculate electrode
elevations by linear or square interpolation

delete all data points associated with selected (faulty) electrode

delete all data points associated with selected potential electrode

remove selected electrode and shift all following ones. This is of great use to
modify quickly a [.seq] file when one electrode line in a multiconductor cable
is broken without possibility of repairing it easily in the field. It works only for
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protocol files. See an example with the 7th electrode marked as broken

1 2 3 5 8 9 10
7

. MK multiply by a coefficient the unit electrode spacing. Apparent resistivity will
be recalculated also.

o E3 copy the vertical electrical sounding data closest to selected electrode
position to the clipboard. The copied data will have a header corresponding to
the VES location along the profile and then three columns with AO length (in
m), MN length (in m) and Apparent resistivity (in Ohm-m)

2.5.3. Spacing page
Table X
Data Electrodes  Segments  Spacings  30_trapesz
b 0
55 ABMN 47 525 AMNE 115-75 ABMN 10000 -
7,55 AMNE 45-25 ABMI 122 5-25 AMNB o o o
¥ 105 ABMN ¥ 50-25 ABMN ¥ 122575 AMNE o D‘:' o 5 o
M i255aMNE  ME52525AMNE B 125-75 ABMN o ol g o
155 ABMN EE-25 ABMN 132 5-75 AMNE Og o
1755 AMNE [ 55-45 ABMN 135-75 ABMN og O a® =
¥ 205 ABMN M 62525 AMNE [ 142575 AMNE 1000{g . o = an®
¥ 20-15 ABMN ¥ 65-45 ABMN ¥ 152575 AMNE 0 g a® - L
2255 AMNE 72525 AMNE 162 5-75 AMNE ] ]
2515 ABMN 75-45 ABMN 172 5-75 AMNB = ]
M :755aMNE [ 62525 AMNE m B
30-15 ABMN B5-45 ABMN
¥ 3255 AMNE ¥4 55-75 ABKIM 100 om
35-15 ABMN 572525 AMME
35-25 ABMN 85-75 ABMN
3755 AMNE 102 5-25 AMNE n
40-25 ABMM 105-75 ABMM 50 100 130
42 5-5 AMNEB 112 5-25 AMMEB [ Lingar scale Spacing, m

Spacing page shows all spacings and lengths of potential lines available in data set. You can remove
data points corresponding to specific spacing by clicking on checkboxes. The icon bar of the page allows you

to:
.
« ¥

D

copy data for selected spacing to the clipboard
copy mean VES curve for the data set to the clipboard

Create a [.pln] data file for 3D visualization software (e.g., GOLDEN SOFTWARE
VOXLER). Input file - [.pIn]: X of data file, two reserved values, plan coordinate
X and Y of data point. Output file has 4 columns: plan X- and Y-coordinates of

data point, minus pseudo depth and logarithm of apparent resistivity.

There is a chart which shows geometric factor for each spacing.
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2.5.4. Soundings page

Table X
Data Electrodes  Spacings  Soundings  Profiling X correction 30 _trap

Del T
NS,
- 1000 i ¥ + H ;%Ei;f
g E +:1| *Ei#
s i 2 £;¥¥*tr*
: BB}
z ; ¥ + iff*$£¥:
e | SEETLEH1
= | i RN
‘;: ’ ; - Ei!g
R
{TB‘ 10 100

All data points are shown in bilogarithmic scale here (vertical axis — apparent resistivity, horizontal
axis — spacing). Each data point can be selected by clicking on it (red square). Then, all data points with the
same X-coordinate will be marked as well (blue squares). You can delete bad data point by double clicking
(white arraow). Also you can delete some points by read cross.

2.5.5. Profiling page

Table
Data  Electrodes Spacings  Soundings  Profing X conection 3D _trapez  Global

Al

1000

RN
I
=]

Apparent resistivity, Ohm.m

NN
&
3

20 40 60 80 100 120 140 160 180 200 220 240 = 6036

All data point is shown like profiling line plots (vertical axis — apparent resistivity, horizontal axis —
X-coordinate, color — spacing). You can delete data points corresponding to specific spacing by clicking on
checkboxes (identical to Spacing page). Again, bad data points can be removed by double clicking. If IP

P
mode is active, LN button, (see Owubka! UICMoYHUK ccbinKu He HalideH..Owubka! MICMOYHUK cCbifKU He
HalideH.), then IP data will be plotted.

2.5.6. INV results page

The page is available when [.inv] file is opened. Here, you can copy/export resistivity model
obtained in RES2DINV, average resistivity model, resistivity model corresponding to specific depth interval.

2.5.7. Xcorrection page

X correction page allows you to modify manually position of electrode if its real X-coordinate (by
field measurement) differs from its initial value (by protocol). After the correction procedure all apparent
resistivity values will be recalculated.

Note! Irreqular positions of electrodes create a great number of additional spacings.

-22-



X2IPI — User Manual 2023

2.5.8. Multinode page

Multinode page is available for protocol ([.seq], [.txt]) files only. It allows to transform file prepared
for some electrode reference numbers to another set of electrode reference numbers. For instance, a
[.seq] file has been prepared for multinodes 1, 2, 3 and 4 giving electrode reference numbers from 1 to 64.
Now it may be transformed to a new [.seq] file using multinodes 5, 6, 7 and 8 giving electrode reference
numbers from 65 to 128. This is useful if a set of multinodes are split in two parts in order to
simultaneously undertake surveys on two different sites.

Table x|
Data Electrodes || Multinodes | Spacings

Segments length
15 O O @1 Oof | z |

Mumber of used electrodes: 72
Number of multinodes: 4
Used multinodes: 1-2-3-4

18 11836 3754|5572 |

MNew multinode number
@ 1115 5| 73-40 9]145-162 13]217-234
2119-36 6]91-108 10]163-180 14| 235-252
313754 71109-126 11]181-198 15| 253-270
4]55-72 8127144 121199-216 16| 271-288
Beverse
|

This page can be useful to indicate cable numbers in Electrodes page.

2.6.Advanced Display window

Advanced Display window is used to work with data set including different arrays or with different
data files. It allows to plot pseudosections in one color scheme and horizontal scale. Also there are
pseudosection options in this window. Advanced Display has three modes (see Owubka! UcmoyHuk
CCblAKU He HalideH..Owubka! UICmoYHUK ccblaKu He HaliOeH.).

rs About
EAEE .-»}»feﬁ

lat

F|

. = Advanced Display window is visible under Table window (lower right corner of the
screen). There is no menu or special buttons in this window. It only helps to view data
and to choose data set to be plotted in Display window

« M Advanced Display window is shown separately from the main interface. It has its own
menu and options and it is useful for exporting pictures of field data

. M Topography Display window is shown separately from the main interface. It has menu

and options also. All pseudosections is plotted here with topography

Using Advanced Display window you can plot several pseudosections of different electrode arrays
side by side, while Display window allows you to plot only one selected electrode array.
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ER-R-E-3 8

100 100 1#@ 3 9& 150 160 180

If several opened data files correspond to a roll-along survey (one protocol, but different X-
coordinates) Advanced Display window plots pseudosections separately.

| oo Qose

10231441 10291657 1021es3 |

o)

| 0230

vr—jrﬁ@m

50_e_ 70 8 90 10012013040 150_160_170_180_130_200_2i0_220_2® 240250

10291557

&

- ~

-

01213014 _150_160_170_180__180_200_2i0_2%0 230 240750

S0_&__70__@ @ 1o

(0251859)

S0 7 @ 00120 130 1@ 160 160 130 160 180 200 20 250 230 2w 280

Use United section option in Options (see Advanced Display window. Options) to plot pseudosections

for different files with different arrays.

Section options

Axis labels
[V] Left Axis
[] Right Axis
ﬁuﬂum Axi

- —
Contour levels Color Scale
Autur : FICEEEER Show Color Scale —
Mininum 112 [
D Show Contours |
Maximum 1238 E ]

Colors pumber 21
Eill colors
) Rainhow

B Difference (+{-)

IP maximum

| Titles Gradient
| V|Showites Font ... | Otoke
AB{2. m Apparent resistivity pse  Rho_a, [OHm E
/| Name Apparent chargeabilty | Etta_a. [*%] Minimum
Auto middle color [
[ |
ttigete.) —
[ ]
|
Scale Contours A
[ Turn profilefound [ | United sections (@) Linear @) Standart
Contour levels file () Logarithmic () Min-max
lLovels o e el |

FAUFA1 AaquatbdiDAT\aaa. vl

Eu/ 0K ] X Cancel | 7 Help

Next, example of 3 opened files of one roll-along profile is presented below (each data set includes
forward and reverse pole-dipole electrode arrays).
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‘: Pseudo-sections { =IlE] g
Options Close Close all Copy 1pd-AMN | 1pd-MNB
[2pd_m-MNB[2pd_m-AMN| _3pd-MNB | 3pd-AMN | D-transf
=
ABI2. m Apparent resmwg psedosection (1pd-AMN) a. [Qd m)
10 T - _EWOOO
20 . I 300
30 r
100
40 F
S —
20 40 60 80 100 120 140
AB2. m Apparent resistivity psedosection {1pd-MNE]) s, [€2 m]
1Olﬁ-'&" B & 7“1000
20 I 300
30 F
I 100
40 F
U o —
20 40 60 80 100 120 140
ABI2. m Apparent resistivity psedosection (2pd_m-MNB) a. [Qd m)
B ) 4 | h 1000
10 &
I 20 - I 300 i
100
40 8
CINN  _—
20 40 60 80 100 120 140
AB2. m Apparent resistivity psedosection (2pd_m-AMN) s, [€2 m]
10 Y | h 1000
20 . - I 300
100
40 L
| I S
20 40 60 80 100 120 140
ABI2. m Apparent resistivity psedosection (3pd-MHNB] a. [Qd m)
. . h 1000
10 =
20 I 300
30 F
100
40 8
50 ‘ ; . I ; ; ‘ -
20 40 60 80 100 120 140
AB/2, m Apparent resistivity psedosection (3pd-AMN) . [Qm]
10 “ 1000
500
s 200
33 100
50
50 T T T T T T
L 20 40 60 50 100 120 140
r~_' Pseudo-sections —— L4 = =B ﬂ‘
Options  Close Closeall Copy [ AMN [ AMNIP | MNB | MNB-P] D-transt
482, m Apparent resistivity ion (M) 0 m]EAB/Z,m Apparert chargeabiy jion [AMNAF) Na (%]
1138 17646 1138
1125 [} — 1EE s
1112 ] 1113
1100 1100
1087- ‘ ﬁ " 1087-
1075 1075
1083 \ V‘ 1083 -
1050 ‘ 1050
1038 1038:
1025 1025
1013 1013
1000 1000-
988 988
k) 150 225 300 3rs 450 525 B00 B75 750 kil 150 225 300 75 450 525 BO0 E7S 750 825 300 gr5 1050
3
B2, Apparent resistivity (MNE) [ 4B/ Apparent chargeabily (MMB1P) a7
|| 1140 fai 1140 n i
I 1120 s 1120
i 1100 1100
10804 1 1080-
: 1060 r F 1060 N |
|| 1040 1040
1020 1020-
|| 1000 1000- I
80 980 |
il 150 225 ﬂ 375 450 525 E00 675 750 825 EIEI‘IJ 95 75 150 225

Topography Display window " plots field data using “effective” depth for each measurements. In
the table below you can see effective depths that are used in X2IPI for typical electrode arrays.

Array Effective depth
Schlumberger AB/2 /2.63
Pole-dipole AO /2.63
Dipole-dipole 00'/2/2.05
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Wenner-alpha a/1.93 (AB/3/1.93)
Wenner-beta a/2.404 (AB / 2.404)
Pole-pole AM /1.153

2.6.1. Advanced Display window. Menu

& Pseudo-sections { = |E| ‘ﬂh‘
Options Close Closeall Copy AMN MNB | D-tr AMNB || Mean only
5
AR e Annarant racictivity neadncactinn FARMMY na 1Y el
e Options Options of pseudosection plot (axes labels, color scale, titles, etc.)
o (lose Close Advanced Display window
o (loseall Close all pseudosections
e Copy Copy pseudosections pictures without menu and frame to the clipboard
e File name /array name  On/Off switch for specific pseudosection to be drawn
e D-transform Plot the pseudosection of differences between two data sets in percents.
Itis a simple way to analyze control or time lapse measurements
e AMNB Calculate Schlumberger array from pole-dipole array
e Mean only On/Off switch for including pole-dipole data into calculated

Schlumberger array (AMNB)

2.6.2. Advanced Display window. Options

Here you can change default settings for pseudosection plots in Advanced Display window (axes
labels, titles, color scale, etc.). Changing one you may need to close and reopen Advanced Display window
to changes take effect.

Section options = - [ﬁ
Axis labels Contour levels Color Scale
V| Left Axis Autn_ ) +| Show Color Scale I
= Mininum 1418 [ ]
Right Axi Show Contours I
i (t:] .
=4 i Maximum 1.3E+5 Colors number 21 =
v|Bottom Axis | Difference (+/-) Fill colors
1 IP maximum 4.76 Q) Rainbow Iﬂl
Titles Gradient Iﬂl
/| Show titles ‘ Font ... ‘ Loke | Read |
AB/2Z. m ‘esistivity psedosection Rho_a. [OHm Maximum
7| Name ugeabilty psedosection Etta_a. [%] Minimum
Auto middle color .
I [ ]
[
Scale Contours
Turn profile round  [/] United sections Q) Linear Q) Standart |
Contour levels file Logarithmic Min-max
= Load || [E Save | .
Levels from file | positive IP
FAUFA.17\aqua DATiaaa.lvl
3 AaquabADA T lJ 0K ” X Cancel Help

X2IPI automatically select color scale range depending on data by default. But you can choose your
own color range. Just type new Minimum and Maximum values of new color scale or use [.Ivl] file. The [.Iv]
file has three lines (empty line, minimum, maximum). Uncheck Levels from file box to return default values
(here, you will need to reopen Advanced Display window).

-26-



X2IPI — User Manual 2023

[ Turn profile round United sections

Contour levels file

; = Load J l Si
Levels from file >
e Difference (+/-) set the range for D-transform pseudosection (in %)
e positive IP if checkbox is checked then minimal IP level is zero.

e Contours — Standard / Min-max |f <Contours — Standard> is selected, then color scale will be
based on values of 10°, 10%, 10°, 103 etc. If <Contours — Min-max>
is selected, then contours values will be exactly between
Minimum and Maximum values. Below you can see an examples
of color scaling for the range from 15 up to 2000 Ohm-m

E[Q m] E[Q m]

1668 | 2000
= 1292 ] 1546
1000 - 1155
774 924
599 714
&
359 230
278
Contours — 215 Contours — Min- fg?
Standard ]gg max 152
118
100 g1
7r4 703
539 54.4
= 45.4 = 42
— —
s —E3
215 139.4
| [pres . 15
[ ] ||

There are three reserved strings to indicate special symbols:
IIRho” = /Ipll
”Etta” — Ilrl”
IIOHm” — IIQ”

Also use underline symbol (_) to indicate a subscript.

For example: "Rho_a, [OHm m]" will be printed as "p,, Q m"

2.7.Filtering field data window (Median window)

Apparent resistivity and induced polarization data can be filtered, smoothed in Filtering Field Data

window (hereafter, “Median window”) U (see Owubka! UcmovHUK ccbinku He HalideH..Owubka!
UcmoyHuK ccbinku He HalideH.). Median window allows you to filter out “P” and “C” effects in data caused
by inhomogeneities in the upper part of geoelectrical media.

Note! Median window is available for [.dat] and [.inv] files only.
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A synthetic examples of these effects is given below. It has been calculated with Res2dmod forward
modeling software (Geotomo software, M.H. Loke). The model has two layers with p;=10 Qm, h;=8 m and
P2=500 Qm. A small block with p,= 100 Qm L,=2 m and h,=0.5 m is placed at the center of the profile at
0.5m depth. With an AMN array (1m unit electrode spacing), two strong anomalies caused by the block: a
vertical anomaly (“P” effect), related to MN dipole if dipole is close to the block, and an inclined anomaly
(“C” effect), related to A pole if pole is close to the block.

™ pseudo-sections

|| modet_bloc |

Options ~ Closs

model_blac]

"P" effect

"C" effect

30

It is clear that a bunch of these effects coupled to subsurface inhomogeneties may hide smoother
effects related to large and deep targets. The median processing allows you to reduce this “noise” and,
further, to recover clearer 2D apparent resistivity section. It will be described step by step later (see
Owubka! UcmoYHUK ccbinKku He HalideH..Qwubka! UcmovHUK ccblaku He HalideH.). To smooth IP data you

need to open IP data in Display window ( Qi’l) (see Owubka! Ucmo4yHUK ccblaku He HalideH..OwubKa!

UcmoYHUK ccbinKu He HalideH.).
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43 Replace original data () Cross

>
ABZ m
50
100
150
200
250
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54
Apparent chargeabilty psedosection (Smoothed
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3. Work with X2IPI

3.1.Creating [.seq] files

To create a new [.seq] file (electrode configuration file for multielectrode measurements with

SYSCAL equipment), press icon O “New sequence” in the main window, or the “Ctrl + N” short cut or
<Load — New protocol>. A dialog window will be opened:

" ew Sequence — O e
72 5 e Step AbN Spacing K_array YesfMNo Readings'™Numb
@1 Oz 75 105 Option
Type of erey 5 15 25 3% 45
® Fole-dipale O Dipaole-Dipole Clz5/2 375 (14 ves
O Halwenner O Switcher - ArdN M 3025 425 (415 Yes g1
C]3525 475 (528)
O wennerAlpha O Fast gradient W 40/25 525 (B63) 59
O wennerBeta (O Switcher-Shart ggﬁg E;E E;gg =
O Schlumberger [J55/25 675 (1106
Cle0/25 725 (1282)
Dipale lengths 555525 775 (147
e 70425 825 (1671
DRSS miLinee=g C]75/25 875 [1885)
bMN=15; nLines=0 Oan/s 925 (2111
hM=25; rlines=3 [Jaees 975 (2360
hM=35; nlines=0 [Jao0s25 103 (26013
MN=45; nLings=0 595325 108 (2865)
I 100/25 113 (3142)
MN=75; nilines=0 CJ105/25 118 (3431)
MMN=105; nLines=0 D‘HD;‘?E 123 (3?32)
CJ115/25 128 {4048)
nluadropoles=703 Fl1200E 122 i127%

[ Show X Cancel ? Help

The number of electrodes is selected in No el. Choose the unit electrode spacing there as well.

Step corresponds to the density of data points along the line. Step = 1 is for the maximum horizontal
density. If Step = 2, data points will 2 times sparser along the line. An examples of pole-dipole array with
different Step values are given below.

AMN with Step =1
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AMN with Step =2

You can choose any available electrode array type:
e Pole-Dipole

e Half Wenner

¢ Wenner-Alpha

o Wenner-Beta

e Schlumberger

e Dipole-Dipole

The table in the right part of the dialog window allow you to specify quadripoles (spacings, potential
line lenghts, geometrical factor). You can find several pages in the table with headers indicating the length
of MN dipole. For Wenner arrays (half, alpha or beta) there is only one page in the table.

Use the first column of checkboxes in the table to include or exclude particular spacing. The second
column indicates the ratio between AM and MN lengths. The third column indicates the spacing. The fourth
column indicates the geometric factor for the selected spacing. When the first column is checked, the last
column indicates the number of measurements corresponding to the selected spacing.

For some arrays (Pole-dipole, Schlumberger and Dipole-Dipole) another column at the right indicates
that selected spacing is checked at different page. It helps to easily understand the overlap between
measurements with different MN lengths. This allows to determine easily the overlap between segments of
different MN in the pole-dipole VES. Usually one spacing of overlap is sufficient to check data quality.

While checking desired spacings, left part of the dialog box indicates the total number of
measurements and the number of spacings (“nLines”) for each MN length.

Then, all data points can be displayed (or refreshed) in Display window by clicking on the “Show”
button.

Press “Ok” button to return to Main window and save protocol file to desired format (<Save — Seq>):

e Flectre [.seq] save binary protocol file for old ELECTRE program (IRIS
Instruments)
o Flectre Il [.txt] save text protocol file for ELECTRE Il and ELECTRE PRO programs

(IRIS Instruments)

e Lund protocol (ABEM) [.org] save Lund protocol (ABEM) file. TERRAMETER LS TOOLBOX
software (supplied with the equipment) can convert [.org] file into
modern [.xml] format.

Note! We recommend to keep all protocols file in [.txt] format of ELECTRE Il software =™

3.2.Sequence optimization for multi-channel instruments

Today, most of modern ERT systems are multi-channel. We have to optimize protocols to take
advantage of this feature. First, quadripoles should be sorted by current dipole. Use <Sorting> menu to
change the order of measurements (see Owubka! HesepHasa ccoinka 3aknadku..Owubka! HeeepHas
CCblAIKA 3aKAAOKU. ).
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Save | Exchange Options Contours About

SEQ b 2~
DATA * hseqDip.txt
Borehole 4

Remote electrode

Save options »

Res2dmod (txt) Area 0
Sorting Syscal-Pro
Extract array AE% lengths
Merge SEQ » Switcher

There are three ways of sorting:

Syscal-Pro mode is for sorting by current dipole or electrode. It's better to sort reverse pole-dipole
array (MNB) in reverse order. It results in improving of data quality because electrode charge-up effects will
be much lower that way (Dahlin T., 2000. Short note on electrode charge-up effects in DC resistivity data
acquisition using multi-electrode arrays. Geophysical prospecting, 48).

AB lengths mode starts with sorting by length of current dipole first and only then by current dipole.
We recommended this mode for Dipole-Dipole and reciprocal Schlumberger arrays.

Switcher mode is for sorting measurements by current dipole or electrode.

3.3.0ptimization for Schlumberger array

The Schlumberger array is a classic array and it is used very often. In order to measure in multi-
channel mode you should use reciprocal Schlumberger array.

AMNB MABN
® & & & & 0 o 0 ® & & & @ 0 @& @
123456738 >
A MN B M AB N
® & & & & & 9 9 e & & & & & & 0
e
A M N B M AB N
® & & & o o o 0 e @& ° o 0 @ .‘\?
’

Use menu <Reciprocal SEQ> (see Owubka! HesepHasa ccuinka 3aknadku..Owubka! HeeepHas
ccblaKka 3akaadku.) to convert array in reciprocal one. Reload file with reciprocal array before sorting (see
Owubka! UcmoyHUK ccbiaku He HalideH.. Owubka! UIcmoYHUK ccbinku He HalideH.).

3.4.Modifying [.seq] file

Several modifications of [.seq] files are available: modifying electrode unit spacing, shifting
electrodes, removing a faulty electrode, removing measurement lines (spacings), sorting measurements
and changing multinodes.

3.4.1. Modifying electrodes unit spacing

EE I The unit electrode spacing can be changed using the “multiply by a coefficient all
distances” button in the icon bar of the electrode table. The coefficient is chosen using the scrolling
window at right or tapping the exact number in the coefficient field. Multiplication is performed by clicking
the button at left.

Once the unit electrode spacing has been modified, the [.seq] file can be saved using the “save”
button in the main window.
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3.4.2. Removing a faulty electrode

Any electrode used in a [.seq] file can be removed and the electrodes coming after it will be shifted.
So there will not be any space in place where the deleted electrode was. This is of great use to modify
quickly a [.seq] when one node in a multinode or one line of a multiconductor cable is broken without
possibility of repairing it easily in the field.

3 4 5 -
! |
1 2 3 4 5 - 8 9 10
] ! [ L
-

& To select electrode in electrode table click on the corresponding line. Another way to do that is
to click on top triangle in the Display window. Push <Broken electrode> button at the icon bar (see
Owubka! UcmoyHUK ccbinku He HalideH..Owubka! UcmoyHuK ccobinKu He HalideH.) to remove selected
electrode. Suppose [.seq] file has N electrodes and you remove electrode d. Then modified [.seq] file will
have N-1 electrodes with numbers from (1 to d-1 and from d+1 to N). See the example os setup when 7th
electrode is broken.

Note! Pseudosection will not have empty space related to the removed electrode (see following figure). Of
course, such a [.seq] file, skipping a node, has to be coherent with the actual connections of the SYSCAL
multi-electrode system.

S S S S S M . M - M W S S A W S W © S S W M M W W -

X Alternatively, bad electrode can be removed by clicking on the <delete selected electrode>
button. Consequently, all measurements corresponding to the faulty electrode will be removed from the
[.seq] file. In this case you can see an empty space in Display window in place where the electrode was. The
removed electrode and all related measurements will be highlighted in Data table and in Display window.

Once faulty electrode has been removed or skipped, the modified [.seq] file can be saved using
<save> button at the main window.

Note! There is no explicit <undo> button in X2IPI. But since the modified [.seq] file is not saved, re-opening
of the same [.seq] file will restore the accidentally removed electrode. Furthermore, saving a modified [.seq]
file with removed electrode automatically creates a backup file [.~eq] with previous sequence version in the
active directory. You can recover the previous version by changing the extension.

3.4.3. Shifting electrodes

By default the first electrode is located at X=0 in [.seq] files generated with X2IPI. All electrodes
coordinates can be shifted by entering a value in the <shift (m)> dialog box at the right upper corner of the
main window. The position of electrodes will automatically updated in the electrode table.

-33-



X2IPI — User Manual 2023
Once electrodes have been shifted, the modified [.seq] file can be saved using <save> button at
the main window.
Note! It is highly recommended to use save button with one opened file only.
3.4.4. Removing measurement lines

Measurements lines (spacings) can be removed from the top or bottom of the pseudosection using
the <Delete first lines> or <Delete last lines> dialog box placed at the right side of the main window. The
deleted lines will be highlighted in the Data table and in the Display window. It is better to use Spacing
page.

Once measurement lines have been deleted, the modified [.seq] file can be saved using the
<save> button in the main window.

Note! It is highly recommended to use save button with one opened file only.
3.4.5. Preparing a “roll-along” [.seq] file.

Roll-along technique consists in acquiring progressively a long pseudo section by moving the
electrode along the profile. Generally, a multielectrode array is being shifted by half of its length. So
merged data obtained from 2 roll-along cable spreads gives us [1, 2N] electrodes for cable spread 1 and
[N+1, 3N] for cable spread 2. Total profile includes 3N electrodes.

O 5 0 15 @ 25 0 3 4 & € £ 6y 6 70 75 80 95 a0 S 00 T 10 15 120 1 T T Ta T4 TS0 18 JeD Tet T 75 18y 185

"Roll along" survey

Sometimes it is very time consuming to measure twice resistivities corresponding to the overlapping
part of two pseudosections. Hence, a second [.seq] file corresponding to roll-along acquisition which does
not include the measurements already made at the preceding station position, can be generated using the
following procedure:

e Opena[namel.seq] file (with 2N electrodes and unit electrode spacing a)
e Shift [namel.seq] file by N*a

e Save [namel.seq] as [name2.seq] (active file will be [name2.seq])

e Open [namel.seq] and append it to [name2.seq]

e In the main window, select [name2.seq] (measurements will be highlighted green if they are not
in [namel.seq] and blue if they are doubles)

e In the display window, click on the “Double” button (double measurements will be highlighted
red now and in the display window and in the date table)
e Save the [name2.seq] file

3.4.6. Changing multinodes

The “Multinodes” table helps you to change numbers of the multinode used in a [seq] file, i.e. hard
reference numbers of electrodes.
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- lox|

Data |Electr0des Multinodes

Segments length
1B 24

MNumber of used electrodes: 64

Murnber of rultinodes: 4

"1-2-3-4"

10116 | 211732 | 3| 33-48 4] 49-84

Mew multinode number

11415 58579 9128143 © 13193207
2173 " G| 81-95 10 ] 145-159 14 209-223
033347 7187111 11 161-176 16| 226-239
4| 49-63 @B 113127 1217719 16| 241-255
" Beverse

4 Make SEQ for "5-5-7-5" [

First, you need to choose the number of electrodes per segment (16 or 24, both available with
SYSCAL equipment). The number of electrodes and multinode used in the [.seq] file is given then.

The bottom box allows you to select which multinode will be used for the first 16 electrodes (first
tab), which will be used for the 16 next (second tab), etc. When all tabs are correct, click on the “Make SEQ
for...” button.

Note! Modified [.seq] file has to be saved using the “save” button at the main window.

The “reverse” button allows you to reverse the order of electrode hard reference numbers for each

multinode, e.g. for mutinode 1 (hard reference numbers from 1 to 16), it may be useful to have hard

reference numbers from 16 to 1. For example, if the multinode is placed next to the electrode 16 and not
next to the electrode 1.

3.4.7. Transforming AMN to MNB

Exchange

A and B
- MandM
" Mirrer profie

Amnzmng

To transform AMN [.seq] file (forward pole-dipole) to MNB [.seq] file (reversed pole-dipole) use
“Amn2mnB” procedure (<Main window — Exchange — Amn2mnB>). The procedure is the following:

e Click on the “Amn2mnB”

e Select a[.seq] or [.txt] file with AMN array in the “open...” dialog box

e Specify name of [.seq] file with MNB array in the “save as...” dialog box

e After that, the newly created [.seq] file with MNB array becomes active in the main window

You can also use “AMN = MNB” procedure (<Main window — Exchange — AMN->mnB>). It is an old
version of Amn2mnB and in most cases works as good as Amn2mnB.

3.5.Working with data files
3.5.1. Opening data files

3 types of data files are supported by X2IPI as input files (see Owubka! UcmoYHUK ccbiaKu He
HaiideH..Owubka! UIcmoYHUK ccbinku He HalideH.):

e SYSCAL measurements files: [.Oxx], with xx comprises between 00 and 59

e Field data (output file from the ERT instrument) pre-converted to [.txt]
e RES2DINV input data files: [.dat]

e RES2DINV output data files: [.inv] with calculated resistivities and 2D resistivity model as well.
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Note! Resistivity model cannot be displayed but you can save it in [.res] file for IPI2ZWIN

Read SysCal ProSys TXT format . L
Loa . _ave+ xc _ange Opti —
DS v B mw ™ o 88 . w8 lb.s
)G TERRAMETER2X21Dipolel g@ﬂ |, « abem » CATALOG TERRAMETER » 2X21 ~[ 42 || Mouck: 2x21 Al
- -
A description of the protoca YNOpAZOUHTS ~ e pm— B= ED ﬁ
——————— L i Wmna B NaTta nsmeHeHwWA Tan %
[ Operator  2X21 xml e
SEQ- ABMN Ele 4 OneDrive & 2%21xml 12/08/10 13:08 Jlokym
R=00Y2 Type of array - i 3arpyzem = £ 2X21overlapxml 17/09/10 11:04 Jokym
00 length (8)from 11 3 HegaeHue mecTa £ 2X21RemoteC2.xml 12/08/10 13:08 Jokym|E
Bl PaGouwii cron £ 2X21RemoteC2P2xml 13/08/10 10:18 Jlokym
£ 2X21wRemoteC2.xml 11/08/10 15:48 Jokym
4 BrnomoTexn £ 2X21wRemoteC2P2.xml 11/08/10 15:32 Noxym—
B Baneo 2| DipoleDipole2x21.xml 12/08/10 13:43 JNlokym
< [lokyMeHTBI £ DipoleDipoleReversed2x21.xml 12/08/10 13:43 Nokym
- Viso6paxenia # Gradient2x2Lxml 12/08/10 13:44 Nlokym
d’, Mysmxa . Dalalimalade) T amal 12/N0 /MM 121N LV
- 4 Il | >
; Vs daiina: lipole2x21xml ~ [ Protocol from ABEM (XML) (*xml) H'E
Configuration of a
Syscal data (*.0% *mod) |
| x=135Psz=1 | n=313 Syscal sequences (*.seq) |
y ¥ ¥ Sens2Dinv (*.ars;*.imp;*.ui) |
0E- — Res2dInv format (*.dat; *‘inv)
1+ . e e e o om - + +  +ABEM data (AMP format) (*.amp)
18- ABEM protocol (ORG) (*.org;*.up;*.dwn)
s + 4 b 4+ 4 s+ 4+ 4+ 4 4+ 4+ s+ 4+ + + 4 + + + + + 4 + 4+ + 4+ +Datafrom Prosys (Iris Instruments) (*.txt)
251 SEQ from Electre II (Iris Instruments) (*.txt)
3k + . . + . . + N . . + . . + Data from Syscal-Pro (Prosys) (*.txt)
35k Data in Geosoft IPDATA format (*.dat)
4k b 4+ 4+ 4 b 4+ 4 4+ 4+ 4+ + + + 4+ + m + + + 4+ +DatafromABEM (txt) (*.txt)
451 Protocol from ABEM (XML)

Please, specify correct data type (RES2DINV, Data from Prosys, etc.) when choosing file to open.

+
To append a file to already opened one, click on the “append” icon L= (or <Load — Append>, or “Ctrl
+ A”) and select file you want to append. Data files of different types can be opened simultaneously. You
can choose then what data to plot by selecting it in the list of main window.
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3.5.2. Shifting data file

The electrode positions can be shifted by a constant using the dialog box at the right of the main
window. This is particularly important for roll-along surveys when one [.seq] file used for different station

positions.
Note! ERAE it is recommended to export shifted data file instead of altering original SYSCAL data files.

3.5.3. Trimming bad measurements

A . e v

Data Electrades | Spacings | Soundings | Profiling | > correction

| : |Max. o ()5 %| |Min. dU||:| || |Min.|||:| || |rv|in Ru|u_1 || |Max RD|5E|DDD|J|| |rv1in. IF>|_5|:|D|| |Max. IP|4D|:|[|
I Fsd > MM AppRe: g W | IP MNelata
1 225 2725 b 118E+5 0 375.4 2 1.604 239

Any measurement (low quality) can be removed from the data set in the Data table following by next
criteria (see Owubka! UcmoYHUK ccbinku He HalideH..Owubka! McmoYHUK ccbiaKu He HalideH.):

e Max. q Quality factor (in %)

e  Min. dU Minimum measured potential difference (in mV)

e Min.| Minimum injected current (in mA)

e Min Ro Minimum apparent resistivity (in Ohm-m)

e Max Ro Maximum apparent resistivity (in Ohm-m)

e MinlIP Minimum induced polarization (units are determined by the instrument)
e MaxIP Maximum induced polarization (units are determined by the instrument)

Note! Data points with values higher or lower than selected threshold will be discarded

You can remove data point by selecting corresponding line of the table and “Delete” key or “Delete”
button. Repeating this action will undo deleting.

When criteria fixed, all outliers will be automatically highlighted red and removed from the data set.
The total number of removed points will be shown in the main window.

X If bad measurements are caused by broken electrode, all the measurements made with this
electrode can be deleted. Select faulty electrode in the electrode table or in the display window and press
this “delete” button.

X | Use this button in the electrode table to delete all data points associated with selected potential
electrode.

3.5.4. Merging data files

All opened data files can be merged into one single file. There are two possibilities:

Tr apk .
° I i For a roll-along measurements with one array, complete data set can be exported to

any of the formats provided by X2IPI (RES2DINV or SENSINV2D). Doubling measurements to
overlapping parts in a roll-along survey will be automatically replaced by their mean.

o B&F If measurements was obtained by different electrode arrays, complete data set can be
exported to “general array” format of RES2DINV.

3.5.5. Generating Schlumberger data from AMN and MNB data

For forward and reverse pole-dipole data it is possible to calculate and save Schlumberger data. Open
pole-dipole data files and go then to Advanced Display window and click on “AMNB” button in right upper
corner of the window. If “mean only” is checked, only overlapping parts of the AMN and MNB
pseudosections will be used. If it is unchecked, parts where AMN and MNB don’t coincide will be added to
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to the Schlumberger pseudosection. Save newly created pseudosection (data) by “Save” button in the right
upper corner (RES2DINV [.dat] format).

Opening pole-dipole data in Advanced Display window allows you see the difference between
forward and reversed arrays data (“D-Transf”). It indicates “1D” parts of the sections (small values of the D-
Transf) and “2D” parts (high values of the D-Transf). Furthermore, values of the D-Transf can give you some
information about the depth and the size of the “2D” objects.

i
Options  Close || AMN | MNB | D-tranef | AMNB | Save W fean gnivt

)
10 —
20

3o 1638
40 L 1178

50 7137
50 5179

‘ 70

110 120 130 140 180 160 170 180

10 20 30 40 50 B0 70 80 an 100 110 120 130 140 150 160 170 180

AMMN-MANE

10 20 30 40 50 b0 70 80 a0 100 110 120 130 140 150 160 170 180

(ANE;
n 2529
2 2154
30

3.6.Filtering field data (Median processing)
“Median” procedure is only available for RES2DINV data files [.dat]. The following shows the

processing chart of the procedure:
Residual
|

Residual

Step | : section smoothing

Step Il : P & C extraction from Residual |

Step Il : P & C and Residual Il smoothing

Step IV : Reconstruction of smoothed data

First two steps of the flow correspond to [Original data] decomposition into 3 parts: (1) [“1D” part]
(smoothed pseudosection), (2) [P & C effects] and (3) [Residual Il]. On third step [P & C effects] and
[Residual 1l] are being smoothed. The last step corresponds to the reconstruction of [Smoothed data] which
is composed of (1) [“1D” part], (2) [Smoothed P & C effects] and (3) [Smoothed Residual]. The table in the
right upper corner helps you to do all these steps.
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3.6.1. Pseudosection decomposition

Decompositian | Smoothing and reconstruction I Savingl

Wincow with = 13 Find PAC again

i
Z Go

10 part calculation
" Median

 Mean

@ hdean inwindow

First, you need to decompose (Steps | and Il) selected pseudosection. Set parameters of the [“1D”
part] calculation on the decomposition page. You can calculate it by averaging resistivities in a horizontal
window of constant width (“Mean in window”).

10-part

15 2316
20 2138
25 1960

ra
)
r
it

20 40 60 80 100 1en 140 160 180 200 2z0 240

“Median” or “Mean” options allows you to vary smoothing windows along the line by clicking on
pseudosections. If you misclicked and created a window boundary you didn’t want, just click on the
boundary again and it will be deleted. Mean (or median) 1D values are placed at the center of the
smoothing windows. Data between window-centered values are obtained by linear interpolation between

windows.
.*

] ‘
il

200 2z0 240

1 D-part]

2612
15 2316
20 2138
25 1968
10 = 1815

20 40 3 80 100 1zn 40 160 180 200 2zn 240

o
ra
)
@
o

When the configuration of smoothing is defined, press “Go” button and 3 components will be
recalculated and you will see 4 plots:

e [Original data] pseudosection
e [“1D” part]

o [P & C effects]

e [Residual]

-39-



X2IPI — User Manual 2023

Note! when [P & C effects] plot is not active in the status bar, the [Residual] plot corresponds to [Residual 1],
when [P & C effects] plot is active in the status bar, the [Residual] plot corresponds to [Residual Il].

|

Ka_AMN

10
15
20
25
30
35
40
45
50
13

20

10-pait
* [ |
5 By 2994

—dipole 2
—dipole 6

dipole 14
— dipole 30
— &

D 10 20 30 40 0 60 70 8O 9O 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 260

K&_ArM - 1D-part- F&C effacts

5 .
10 a5
15 A P ® :
20 - =" 3
25 15
» - . n Bk
35 )
40 -2.25
. e A & .
6 - R | —
- -5.25
1 T R
- & A [ |

20 40 &0 B0 100 120 140 160 180 200 220 240
[P & C] effects are calculated from the pseudosection.
[Residual 1] = [Original data] — [“1D” part].

For pole-dipole and Schlumberger arrays, different P effects relate to different MN dipoles used at
each VES. They correspond median values calculated for each vertical line in the pseudosection [Residual I].

For AMN array, C effect, related to electrode A, corresponds to median values calculated for each line
with slope -1 in the pseudosection [Residual I]. For MNB array, C effect, related to electrode B, corresponds
to median values calculated for each line with slope +1 in the pseudosection [Residual I]. For Schlumberger
array, both C effects at electrodes A and B are calculated. They correspond to lines with slope —1 and +1,
respectively, in [Residual I]. For Wenner-alpha array (AMNB), there is no P effect (MN dipole changes at
each pseudodepth) but only C effects at electrodes A, B, M and N. They are calculated respectively for each
line with slope —2/3 (A), +2/3 (B), -2 (M) and +2 (N).

“Find P & C again” can be used to refine [P & C effects] calculation as some interference between P
and C effects generally occur.
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3.6.2. Components smoothing

Once three components ([“1D” part], [P & C effects], [Residual 1l]) are separated, the last two are
smoothed using the “Smoothing and Reconstruction” page, with which you perform steps Ill and IV at the
same time.

Decomposition  Smoathing and reconstruction | Sawving |

Ceefiact | Peffect | Residus |

- Method Window with =

& Median

Z e —J
 Mean g o 00000000

Decomposition  Smaothing and reconstruction | Savmgl

C-effect F-effect | Residual I

- Method Window with = 5

& Median

Z e J
i hean poo o000 00 o0

C and P effects can be smoothed using a median or mean method. Choose the width of the
smoothing sliding window using the scroll bar “Window width = ...”

Decomposition  Smoothing and recanstruction | Sa"‘”gl

Ceffect| Pefiect Residual |

atho—— ares :
dx=4; d¥v'=4 |— :

& Median & Rectangle =

& MNew1D ) — r:

i Mean " Cross

Residual can be smoothed using a median or a mean method also. The applied matrix for that is a
rectangle or a cross (for apparent resistivities with chequerwise layout for Wenner array measurements).
The width of the smoothing sliding matrix can vary in X and in Y directions by “dX =...” and “dY =...” scroll
bars.

Press “Smooth” if the smoothing configuration is set right and new 4 plots will be displayed:
e reconstructed [Smoothed data] pseudosection
e [Smoothed P & C effects]

e [Smoothed residual]
e [Removed part] = [Residual Ill_a] + [Residual Ill_b].
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A new estimation of [“1D” part] from the reconstructed [Smoothed data] pseudosection may be
performed by clicking on “New 1D”. It allows you to refine [P & C effects] calculation. Actually, it provides a
feedback step in the flow chart shown above, allowing to recalculate [Residual I] = [Original data] — [“1D”
part] and then [P & C effects] from recalculated residuals.

Finally, [Smoothed data] pseudosection can be saved using the “Replace original data by smoothed”
button on the “Saving” page.

Decomposition | Smoothing and reconstruction

‘ ‘3 Replace original data by smoothed |

After “replacing original data by smoothed” close the median procedure window. You will find that
[Smoothed data] pseudosection has been exported to the default display window.

Note! At this stage the [Smoothed data] pseudosection is only recorded in RAM and needed to be saved.
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3.7.Exporting to inversion programs

X2IPI allows to export ASCIl files supported by RES2DINV, SENSINV2D and IPI2WIN. These
interpretation softwares are subject to liabilities. Demo versions and user manuals may be downloaded
from the following sites:

e RES2DINV http://www.geotomosoft.com/

e SENSINV2D http://www.geotomographie.de/

e ZondRes2d http://zond-geo.com/english/

e |PI2WIN http://geophys.geol.msu.ru/ipi2win.htm

Here, one may take reference to the user manual of these programs in order to have information
about the format of the files exported by X2IPI.
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HOW TO USE X2IP1 WITH...

4. TERRAMETER LS (ABEM, Sweden)

4.1.Creating protocol files for 4x21 cable set

TERRAMETER LS is a 64-electrode instrument with two 32-pole connectors for electrode cables
(2x32). However the basic recommended set supplied with the equipment is the set of 4 cables with 21
electrodes each (4x21). Since the last and the first electrode take-outs shall overlap at the cable ends, the
equipment allows to measure with 81 electrodes for the system layout (4x21 — 3). It provides increasing of
the depth of ERT investigation up to 25%.

Protocol consists of two types of measurements. The first type — shallow measurements (small
electrode spacings). The second type — measurements for deeper parts of geoelectrical section (large
electrode spacings). For example, having cables with 5m spacing between electrode takeouts, LONG32 type
(41 electrode with 10m unit electrode spacing) and SHORT32 type (41 electrode with 5m unit electrode
spacing) can be used. These are two protocols with constant spacing between electrodes each.

X2IPI provides preparing ABEM protocols for 61-electrode measuring scheme. The following is
example for Schlumberger array. The first step is to create LONG protocol for long spacing.

1. [ create a new protocol file with 41 electrodes and 5-meter unit spacing (see Owubka!
UcmoyHUK ccbinKku He HaiideH..Owubka! UcmoyHUK ccbinku He HailideH.) and save it to ELECTRE Il [.txt]

[l
format .
[1 New SEQ file [I==1EE ] Configuration of array
Noel 41 = 5« _%“:P = AMMM ABf2 (K_array/a) YesiNo N_reading | ble
. . ‘ 45 | 75 | 105 * TFTYYFEFTYTTFINNT YNNI AT YNY
Type of arra ‘ 5 | 15 | 25 | 5 3333 j
P ¥ ) BBRTE 4 b v b v h s bt t b e b e e e
") Pale-dipale " Dipole-Dipole 25/25 375 (1671) Yes Bl 13‘33:
O Falfwenmer (O Swicher-AMN bl L R L R R R TR PSP TR
“Wenner-Alpha () Fast gradient v’jg:“gg g?g ggg;g Yes 20 2333: D I I I T I I I T S S S
(O)wenner-Bets () Switcher-Shart 7 E12E 625 (4712) 16 = ‘ ZEg;: B e
; 55/25 E7.5 (552.9) 33331 R R AR R A E R R R R A+
(@) Schlumb
% sEnlumaerger VIB0/25 725 (B40.9) 12 || 3667 Y
B5/25 775 (736.1) 40+
Dipole lengths 7\ 70/25 825 (836.7) g 4333~ FE A A R R H A R E E b+t 4t
MN=5; rLines-9 5 875 ;@EES:
MMN=1E; nLinas=0 J25 (1056) 5333 B R LR TR
MN=25; nlines=5 gggg e “d;g)w B
WMM=35; nLinas=0 95/25 107.5 (1433) L] 33: FE R R b
WM=45; nLinas=0 100725 1125 (1671) BB67-
e e n3 T,
tMN=105; nLines=0 1525 1275 (2023) ?5387
nQuadropoles=328 120/25 1325 (2187) -~ 83 33: R
1PRIPF 137K (2ARRY
8667
90+
Show I « OK ] \ ? Help I L ' L ' s s L L s
0 20 40 60 80 100 120 140 160 180

2. <Save - SEQ - Make Long protocol>. It creates [.txt] protocol file with new numbers of electrodes
and 10 meter unit electrode spacing.
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Load [gave Exchange Options Contours About Uzt ||E|E'31deES | iineEe
D@ S B Elecre Ctri+S - P 8P BRRBB Y X§ [
DATA » T Elecrell 0 p [t [JAbs values N % Alt
Borehole P& E i — 1-1 ] ]
) N :
Remote electrode Make Long protocol b Shift (m) | 1 _g &
Save options Delete 1-7 30 0
Ope Res2dmod(txt) Switcher 0 lastlines 0 = 1-9 a0 0
Sortin 4 Worksheet o = -1 50 0
SEQ g 2 firstlines 0 1-13 B0 0
R=4A Extract array chlumberger (AMNE) 1-15 70 0
ABJZ Merge SEQ » 0185 Overlapping 1 A MN B 17 a0 0
Reciprocal SEQ  * Guadripoles 328 519 90 0
Im IE2DP » 2-21 100 ]
x=(MeN)/2 2-23 110 0
Ps.z=AB/2 2-25 120 0

3. Shift X to get Om coordinate for the central (n=21) electrode (Shift(m) = -200). Save it to ELECTRE Il

7
[.txt] format | =¥ again.

Load 5Save Exchange Options Contours About
D~ EAEE M Pl ¢-BE PR
_— new_amnb | Modified 768 0 0 [1 I

Operator  Arlene Area 0 Line 0 last lines

SECQ - new_amnb Electrodes - 41 Distance 5. m

R=AB/2 Typeofarray -  Schlumberger (AMNE)
ABI2 length (13) from 7510 925 Overlapping 1 A MN B

Quadripoles 328

firstlines 0

The second step is to create a SHORT protocol for the central part of profile.
1. [ create a new protocol file with 41 electrodes and 5 meter unit spacing and save it to new file in

I
ELECTRE Il [.txt] format | ¥ There is no need in big number of spacings — 4 lines will be enough.

o -~ = | =l |
- Delete | Double
Noel 4l |2 5 - %‘E? @2 AMMN ABJ2 (K_aray/a) Yes/Mo N_reading ‘
@1 € ‘ 5 I 5 [ 105 | 1 ' ' Y ¥ ' ' ' Y Y
Tupe of amay 5 s | 28 [3s sl
() Pole-dipole () Dipole-Dipole 56 75 (314 38 - 3k
- —_— V105 125 (942) 36 i 4
(JHaltWenner () Switcher - AMN
2 < Y 15/5 175 (188) 3 5l
()Wenner-Alpha () Fast gradient 2”/5 225 (314 3z B
OwennerBeta () Switcher-Short [ ]30/5 325 (BGO) 3 ;’HHHiH;HHHHHHHHHHHHHH’
355 375 (880 r ]
Q@) Schlumberger s 425 5”3)1) s
455 475 (1414 - 10-
Dipole lengths 1505 525 f7em) ~ -
MN=5; nLines=4 [ 55/5 575 (2073) o2k =
MMN=15; nLines=0 :‘55/5525(2450) < 13- B T T
MN=25; nLings=0 %Egﬁ &5 Eggggg 14+
MN=35; nLines=0 1755 775 (3770) ]Ig:
MN=45; nlines=0 [ 180/5 825 (4273)
MN=75; nlines=0 %aﬁ/asramsun ];
. e 90/5 925 (5372) 8
bN=105; nLines=0 a5 375 (5969) 13-
nQuaclrapoles=140 [1100/5 103 (5597) i 200 ]
C1N5A 108 (72571 2k ]
22 1 ot
Shaw 7 Help | 20 g i i Tob TP A4 el T Hen

2. Shift X to have Om coordinate for central (n=21) electrode (Shift(m) = -100). Save it to ELECTRE Il

7
(o]

[.txt] format again.

+
3. I= Add file with LONG protocol and save two files into one be <Save - Merge SEQ - Merge TXT>.
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Load Exchange Options Contours About ez ]| Banins
e s5Q 'dﬁllevsﬁ.w%‘tﬁsvﬁ ?5_...‘...,..‘ » : y : . ‘...‘...‘..._
DATA » I amnbl ¢t 768 ,0_’0_1 [] Abs. values 5 enmemm N e s
Borehole D 2250 pammemen Wi Ve s s s e m e ]
Shift (m) @ -
Remote electrode 37E-
Save options 4 Delste 52427
Ope Res2dmod(txt) Area 0 Line 0 lastlines 0 = L
SEQ Sorting P bdes- 61 BisEnEs & 6 = 575- EEEE NN EE NN NN NN NN EEENEEEEE
firstines 0 7 75 EEE I NN NN NN NN EEEEEEEN
R=A Extract array chlumberger (AMNE) B25L
EEEEEEEEEEEEEEEEEEEEEEER
ABI2 Merge SEQ ‘M&_\appmg 1 A MN B o 800
i s 328 o975
Reciprocal SEQ < Merge TXT W <I105- EERERERERRRENEEEREER
z 3 13-
120+
128+ EEEEEEEEEEEEEEER
135+
1430 EEEEEEEEEEER
150+
156+
165+ EEEEEEEE
173
180 I 1 I I I " I I I I I
Merge several SEQ files into one large one -200  -167 -133 100 -B6.7 -333 a 333 GE7 100 133 167

Now we have protocol file for 4x21 cable set. We need to open and optimize it for multichannel
receiver. The third step is optimization.

1. Make reciprocal Schlumberger array <Save - Reciprocal SEQ - Electrell (txt)> (see Owubka!
UcmoYHUK ccblnKu He HalideH..Ouwubka! UcmoYHUK ccblaku He HaiideH.) and open saved file.

Load |Save | Exchange Options Contours About | X=65PsZ=45 _J,gﬂ?lﬁ;'—]-.my nB=29 nM=19 nh=37 |
O SEQ 3T I IR EF R . L e 1 nr
DATA * hergedR txt 768 0 0 1 [ |Abs values 5l w v v s rsr s+ TEPPRTTTEETETRRT 0 v v e v vt s
Borehole 4 225+ PRI SR NI 1
P - A s ars- SRR
B shift (my 30F
emote electrode 375) P R
Save options 4 Delete 451 R R
Ope Res2dmod(txt) Area 0 Line 0 lastlines 0 [= 5253: N
Sortin 4 - f = §7EL A AR R b A hE b
cER 2 oes o1 Distance ©.m first ines 0 ~ a5 R R R
R=4& Extract array chiumberger (AMHNB) e
ABJ‘Q 185 Overla |n 1 R I I A O T o O
Merge SEQ 4 pping A MN B o 80k
i oles 468 ga7 s
Reciprocal SEQ W %1057 LR S S R R R
m IE2DP ElecielNina 26k
x=(M+N)/2 120-
Ps.Z=AB/2 12vsl A
135+
7“1253’ P
1676F
1651 tEE R
1725k
1ED_ 1 1 1 1 1 1 1 1 1 1 1
-200 -166.7-133.3 -100 -66.67-33.33 0 33.33 66.67 100 1333 1667

2. Sorting quadripoles. <Save - Sorting - Syscal-Pro> or <Save - Sorting - AB lengths> (see Owubka!
UcmoyHUK ccbinKu He HalideH..Owubka! UICcmoYHUK ccbiaku He HalideH.).

O = SEQ
DATA
Borehole

Remote electrode
Save options
Oper  Res2dmod(bx)
SEQ Sorting

R=A Extract array
ABIZ Merge SEQ
Reciprocal SEQ  * GQuadripoles

IE2DP 4

Now we have optimized protocol file for 4x21 cable set. We need to convert it into [.xml] protocol file
for TERRAMETER LS. The fourth step is creating [.xml] file.

1. We need to open the protocol and save it to [.org] ABEM format.
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= u Configuration of array

. . S

Load Save Exchange Options Contours About

G:\workdir\Hosaa nanka\mergedR txt \

Dne-ZEGu/P el e-A e R

Delete | Double

768 0 [0 [ []Abs values |

Shift () @ 3732:
Delete 451
Operator  Elecrell Area 0 Li — o
Long or short -
SEQ- AMNB Electrodes- 61 Distance
R=AB/2 Typeofarray -  Schlumberger (AMNB) .T—yw oelrey ~ ~ -
ABRlength (17) from 7.510 185 Overlappid | = She32 Oz O 2@iRematetz () 2x32
Quadripoleg| | © Long32 © ax21 () 4x21RemoteC2 () 4x16
Number of ch: |
mergedR b - GiworkditHosas nankat ‘;T ere E‘ -a,"]"; ¢
Ca 12
©s []Save UP & DWN

.............

++++++++

Name of spead file (cable set)

TBD}»
‘ -200 180 -160 -140 -120 -100 -80 -60 40 -20 0 20 40 60 80 100 120 140 160180

We do not need change number of channels in Long or short Dialog (it was important for SAS4000
ABEM unit). But we have to indicate a correct spread file in [.org] file.

o 4x21.adr —4-electrodes array for 4x21 cable set

e 4x21RemoteC2.adr — pole-dipole array for 4x21 cable set

e 2x21.adr —4-electrodes array for 2x21 cable set

e 2x21RemoteC2.adr — pole-dipole array for 2x21 cable set

The correct spread file depends on cable set (2x21, 4x21, 4x16, 2x32 etc) and four or three electrodes

array.

®arin [lpaska Q@opmat Bwa Cnpaska

11

9
15
13
11
19
17

POW N N b N
T U

L
Rl =R s s R e |

lumberger (AMNB)

We can also indicate correct spread file in [.org] file on the second line of [.org] file.

2. Use TERRAMETER LS TOOLBOX software to convert [.org] file to [.xml] file.

F3 Terameer 1 Tookox i R
File [Tools| View Help

(e Spread and

Protocol

4 [T ProjecT Groups
. -7 StrataGem
./ LS Instruments|

P Convert ADR to XML Spread File...

€ Convert ORG to XML Protocol File... ;

File 4x21.adr does not exist actually. It results that error messages will be issued, but it does not
mean that there is any error in the protocol file (see "6.2 Conversion of ORG to XML Protocol file" in the
TERRAMETER LS TOOLBOX manual).
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Terrameter LS Toolbox lihj

ERROR: The address file 4x21.ADR not found!

rTerrameter LS Toolbox u

ERROR: Failed to read Gh\workdir\Hoeaa nanka'dx21.ADR!
Cannot check that protocol matches address file!

Despite the errors, a new [.xml] protocol file with with correct spread name was created. Now it can
be used with TERRAMETER LS and it can be read by X2IPI software also.

<?xml version="1.0" encoding="UTF-8"?>
- <Protocol>
<Name> merged </Name>
<Description> A description of the protocol can be written here </Description>
<Arraycode> 7 </Arraycode>
<SpreadFile> 4x21.xml </SpreadFile>
- <Sequence>
- <Measure>
<Tx> 35 </Tx>
<Rx> 17 </Rx>
</Measure>
- <Measure>
<Tx> 57 </Tx>
<Rx> 1 11 </Rx>
<Rx> 39 </Rx>
</Measure:>>
- <Measure>
<Tx> 7 9 </Tx>
<Rx> 1 15 </Rx>
<Rx> 3 13 </Rx>
<Rx> 5 11 </Rx>
</Measure:>

Note! There is no information about inner-electrode spacing in [.xml] or [.org] files.

4.2.Read TERRAMETER LS field data

TERRAMETER LS TOOLBOX software can export field data to [.txt] file which is supported by
X2IPI.
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Eile Tools View Help
"4 (C:\Users\bobayes\Downloads) Project16 Project summary
- Project Groups No [Name |Date & Time
oo ff [WENRKLR 1 01/07/15 -
4 = StrataGem 2 |pdd64M3c_1 01/07/15 ©
4.3 A) Project16 3|Sefftest_1 01/07/15 -
% 1) WENXAR_1 ‘; mmé’c g gm;ﬂ‘g g
S c_:
% 2) pdd6amsc_1 6| WENKKLR_2 0107115
% 3) Sefftest_1
% 4) pd464M3c_2
- 5) pd464M3C_3
% 6) W
LS Instruments Surnmary
Pseudosection
IP Decay Curves
Full Waveform
Electrode Contact Test
Table
Show on Map
Edit Electrode Coordinates
port.
Export Project: Project16 Task: WENXXLR_2 =
Data fiter options 1P windows export options Hetype
[v] Allarrays @ Export all (@ Text fie (.tet)
Nested array Sum 1P windows 1 fthoughl & _ Format (.usf)
Reciprocal nested array Export individual time window |-1 £ (©) Res2Dinv (.dat)
Dipole-Dipole Export IP in msec (0 Res3Dinv (.dat)
. ~ BERT/GIMU Unfied Data
Pole-Dipole ~ Format (.udf)
7| Pole-
[ResfRe SASLOG (Jas)
Gamma
["] Accept negative resistivity data Coordinate export options
Inciude IP data (@ Don't use topography
Pad BH-data with NULL (SASLOG) Use local coordinates
Dlnc\ude settings and measurements Emren) ST S -
[] Export only visible columns (TXT)
I Fittered datapoints: 8 of 291 ‘
Note: You can fiter datapoints individually in table view Export
before export =

Use <Data from ABEM (txt)> format to read data from TERRAMETER LS TOOLBOX.

Syscal data (*.0% *.mod)

Syscal sequences (*.seq)

Sens2Dinv (*.ars;=imp;*.ui)

Res2dInv format (*.dat; *.inv)

ABEM data (AMP format) (*.amp)

ABEM protocol {(ORG) (*.org;*.up;*.dwn)

Data from Prosys (Iris Instruments) (*.txt)

SEQ from Electre II (Iris Instruments) (*.txt)

Data from Syscal-Pro (Prosys) (*.txt)
Q ; Shddmbqumat (*.dat)
m ABEM {bxt) {*.tut)

TGO TTONTABENT XML (*.xm)

o 5] v

5. SYSCAL-PRO (IRIS Instruments, France)

5.1.Creating sequence file for SYSCAL-PRO

1. [ create a new sequence file for correct number of electrodes (see Owubka! UcmoyHUK ccoblaku

4.
Lol

He HalideH..OwubKka! Ucmo4yHUK ccbiaku He HalideH.)and save it to ELECRE Il [.txt] format
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New SEQ file =5 anfiguration of arra
Noel#® 2 5« %‘Ef = AMIMN ABf2_ (K_anay/s) ‘YesfNo N_reading Delete | Double
. 45 | s | s e e
Type of anay 5 [ | = | ® T e e et r e et e e e e e e
@ Poleipols @ DipoleDipole 2525 376 (1571) es " 12: ke h e h e E e h e E o E o E o E o E o h e b b st st et
Crasioms Comserow | N B g SIS S S S S SIS S SIS EEE RS
) Wenner-Alpha () Fastgradient I/ 425 525 (3267) 27 o R R RPN
- - [] 46/25 B7.5 (395.8) E [ B T e
(O EER  ( BmiEEEe V/50j25 625 (471.2) 23 2
@ Schlumberger %EE;SE?ZEEEE%% 15 :2: F
85125 775 (7351 L
Dipole lengths %70;25525 EESW% 15 Nggi e h e E et bt e
MN=5; nLines=5 [ 7525 875 (3425) Sel
MN=1: nLings=0 %50/25 925 (1058) 1 e T T
- ) 8525 975 (1175)
MN=25; nLings=8 L
FASGILERH I/ 925 1025 (1301) 7 | P e e
MR=35; nLines=0 [ 95025 1075 s
MN=45: nLings=0 2] 0 25 |
MNSTS. nlines=0 %l?g;gg Pz;g (1866) e
=105: nLings= 90+
MN=105: nLines=0 E Hares 1o75 (009 o Ch e
nQuadropoles=440 Dl1zors 1325 @2187) - 1
[T1125/F 1376 (?36R ws- o ey ey
Show o 0K 2 Hel s
? Help
125 25 375 S0 625 75 875 100 1125 125 1375 150 1625 175 1875 200 2125 225

2. Optimize sequence for SYSCAL-PRO. Make reciprocal Schlumberger array <Save - Reciprocal SEQ -
Electrell (txt)> (see Owubka! UcmoyHUK ccblaku He HalideH..Owubka! UcmovHUK ccbinKu He HalideH.)
and open saved [.txt] file.

Read Electrell sequence in TXT ft onfiguration of arrz
Load [Save| Exchange Options Contours About | X=102.5 Ps.7=32.63 | N=215 nA=21 nB=22 NM=15 nN=28 Double
- = Tleen = P T m AB
2 - o rrvrryrerrpeue | rrprrveprrrvrervayy
D& S B IR EE Y | o B A A
G DATA ¥ nb_sh.txt 768 D 0 [ []Abs values T R I
Borehole » L
Remote electrode sritt(m) @ o
Save options > Delete i P R I LRI
Ope Res2dmod (tct) Area 0 Line 0 lastlines 0 =~ | et} N I T
SEQ  Sorting ¥ bdes- 45  Distance B.m Teiies  DEEE o F ot ettt ettt ety
R=A Extract array chlumberger (AMNE) =~ sl
ABPZ Merge SEQ y b1125 Overlapping 1 A MN B P R
Reciprocal SEQ Electre (seq)  [oles 440 5?: Eg [ ettt ittt rr ettt
i
L= T x=eNy2 T
Ps.Z=AB/2 75E
8- e s e s
851
O
95
W e
W ros-
U RADIS
B | 125 #5375 50 625 75 875 100 1125 125 1375 150 1625 175 1875 200 2125 225

2. Sort quadripoles. <Save - Sorting - Syscal-Pro> or <Save - Sorting - AB lengths> (see Owubka!
UcmoyYHUK ccbiaku He HalideH..Owubka! UcmoYHUK ccbiaku He HalideH.)

E Save Save options Exchange Options Contot

SEQ ime B
DATA P72 txt 0

Borehole 4

Remote electrode
ResZdmod (txt) T2 Distance
Sarting ¥ Syscal-Pro
Optimize AB lengths
AB length Rev

Extract array
Merge SEQ ’ Maximal
Reciprocal SEQ ’ SIBER 48

IE2DP r

3. Now we want to prepare sequence file for SYSCAL-PRO so we need to add gapfiller (dummy)
guadripoles. We can use ELECTRE PRO (IRIS Instruments) software for that.
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¥ Electre Pro _ = =] B

File Help
Nw g ‘ ;g‘ ) Creation | | Configuration | View Graph | View Sheset

Create with Impaorted file <- new_amnb_sh.tst -->
Autamatic creation ) . = - -

|
Syscal parameters @
Sequence name on Original sequence statistics Optimized sequence statistics
Array Quadiipole : 440 Quadripole : 758
EL Array : mhized array Injection : 440 Injgction : 122
Channel used 1 Channel used : 9
Estimated acquisition time : 0:30:17 E stimated acquisition time : 0:08:23

Maximum number of cha

Grid of the depth levels

ultirchannal optimization =

channzl : 0 . D Del polarization effect ——

V| Allow gapfille-r quadiipoles 3

b awirum investigation depth on 4 - 00 onYorZ: 0.0

Standard compute uncomplete compute Create rall along seq.

|:| Reverse quadripales [ ABMM->MNAB |

Level:| 0O Quadipale ;| 440 Injgction : 440 Channel used : | 1 Estimated acquisition time : 0:30:17

G- wwarkdif\Hosaa nanka\new_amnb_sh sqz sl

Here we made optimized sequence file [.sqz], which should be uploaded to SYSCAL-PRO for field

measurements.

Also we can use OPTIPRO software (IRIS Instruments). We need uncheck sorting checkbox (“Allow

sorting of the quadripoles before optimization”), because we have already sorted quadripoles. X2IPI uses
different algorithm of sorting quadripoles.

@ OptiPro - Finished ! _ ol %]

‘ = Cpen sequence file

Inputfile :  GhworkdirHosas nankainew_amnb_sh ted
Outputfiles | GhworkdinHoeas nankalFro-new_amnb_sh bt
GhworkdifHoeas nanka\linePro-new_amnb_sh .t

Allowy optimal insertion of dummy quadripaoles

#llove sorting of the quadripoles before optimization

Setthe maximum number of channels to be used 2to 10010 5

==« | [

Original sequence statistics

Cuad. number: 440
Injection: Dipale Only tMeasure : Dipole Only

Optimized sequence statistics
Quad. numbker: 758 MNumber of injection: 121
MNumber of channels finally used : 9

Optimization gain: 3.6

OPTI-PRO creates [.txt] file with long file name. We recommend to rename it short because SYSCAL-

PRO supports only 10 characters in the file name.

Finally we have two sequence file: original [.txt] file and optimized [.txt] or [.sqz] file. However, we

can use original file for SYSCAL-PRO data processing.

Note! There are many other options to prepare sequence file (see Owubka! Mcmo4YHUK cCblaKU He

HalideH..Owubka! UIcmoyHUK ccbiaku He HalideH.).

5.2.Read field data from SYSCAL-PRO

PROSYS Il software can export field data to [.txt] format, which can be read by X2IPI.
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File Communication

Processing View Tools Help

¢ Open.. F2 | B

=] Open last file.. F3 2| =] Spa.3| =] Spa.-’il ] Rho | =] Dev.l

& Save as. 0 0.00 15.00 85.29 01

nl oo ]~ il A 48 D‘]

J Elecmager.. %5 01

Import file... 03 03

: Geosoft...

Import Electre file... 43 01

Res2dinv / Res3dinv... 91 03

Add.. ! 24 03

Split in files... b1D.. £ 03

DADIP.. iy 03

Batch ResiX... 50 01

Display options... Resix IP... 4 01

: : B4 01

X Quit Winsev.. 12 0

14 2000 a2 01

15 2000 e gunding.. o5 03

18 20,00 5 Spreadsheet separator  * 43 02

17 25.00 a0 20 01

13 2500 30, Track (pcx3)... 72 01

13 2500 30 Track (gpx).. 5 o1

20 25.00 an.0o SO0 gLk 1474 01
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We have to remove gapfiller measurements before data processing. If optimization was made
optimization in ELECTRE PRO, then we can reject gapfillers by PROSYS Il before export spreadsheet.

?.0 Prosys Il

File Communication |Erocessing View Tools Help

EFEXFEIGEE

Keep selected data
Ignore selected data
Delete ignored data

Select channel...
Select level...
Select Y location...

# ) Spat| =
1 500
E:2 10.00
3 10.00
E4 10.00
s 15.00
Hs 15.00
7 15.00

18.00
15.00
2000
20.00

2000

ai Re'ect qaﬁller

Automatic filtering

Filtering 4
Absolute Rho value

Reject overload data

Reject node...

gg 33 Change El. array...

000 Transform spacing XYZ

2500 Modify spacing...

;: EE Lat/Long to Distance...

i Adjust GPS position...

- Insert topography...

2500 Compute Cole-Cole parameters...

25.00 3o 500 LHNI) LEX]
| T TR NN helalalyl Anonn NN aa ao

o
s:!Ds:s:s:s:s:s:Ds:Ds:g|

coeseosass0 e

'

If sequence optimization was made in OPTIPRO, then we can reject gapfillers in X2IPI. There are two
options to read data from PROSYS Il. <Data from Syscal-Pro (Prosys)> option allows to reject gapfillers from

[.txt] data file. We read the data file first and the original sequence file.

Syscal data (*.0% *.mod)

Syscal sequences (*.5eq)
Sens2Dinv (*.ars;*imp;®.ui)
Res2dInv format (*.dat;, *.inv)
ABEM data (AMP format) (% amp)

Data from ABEM (bct) & bct)

Protocol from ABEM (XML) (=xml)
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6. RES2DINV data format (Geotomo software, Malaysia)
RES2DINV format is the basic for ERT data.

6.1.Remove bad points from data file
There are many options to remove bad point from data file.

1. Trimming bad measurements signal level, quality factor, apparent resistivity or chargeability
range (see Owubka! UcmoYHUK ccblaKu He HalideH..Owubka! UCmOYHUK CCbiAKU He
HaiideH.).

2. Remove data of bad electrodes b4 or |X| (see Owu6bka! HeeepHas ccoinka
3aKknadku..OQwubka! HeeepHas ccblaKa 3aKAA0KU.).

3. Remove bad points of pseudosection in Display window (see Owubka! McmoYHUK ccbiaku He
HalideH..Owubka! WNcmoYyHUK ccblaku He HaiideH.), on Profiling page (see Owubka!
UcmoYHUK ccblaku He HailideH..Owubka! UIcmoYHUK ccblaku He HaiideH.) or Soundings page
(see Owubka! UcmoyHUK ccblaku He HalideH..Owubka! MIcmoYHUK ccblaKu He HalioeH.).

4. Remove spacing lines on Spacing page (see Owubka! MWcmoYHUK CCbiAKU _He
HalideH..Owubka! UIcmoYHUK ccbinKu He HalideH.).

All removed points can be restored.

6.2.Correct X-coordinate

X-coordinate can be corrected by following ways:

e Change inter-electrode spacing on Electrode page (see Owubka! HesepHas ccblaka
3aknadku..Owubka! HesepHas ccolaKa 3aKAAOKU. ).
5P I
0 | [] Abs. values

Delets
e Shift profile by X-coordinates lact linee A 2

e Mirror profile by Exchange menu (see Owubka! UcmoYHUK ccbinku He HalideH..Owubka!
UcmoYHUK ccblaKu He HalideH.).

6.3.Merge different array and different cable setup to one data set
To merge different data sets to one file just open all sets and save them to RES2DINV format Rar.

X2IPI can show data for different arrays on different pseudosections. This is the example of one data set
with three arrays: dipole-dipole, forward and reverse pole-dipole.
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Pseudo-sections _

Load Save Exchange Options Contours About
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[
AQ,m _MNCeBOPE3PE3 KEKYLLIETOCH CONPOTHBAEHUA (ABMN P [ m]
DS~SHER PERFRB 2-EE R g;gg""u'% “*‘ =0
5:\workdirdlexandrovka. 161190616'all_topo.dat Abs. values 1312 145
. 110
16.7 LS
GiworkdinAlexandrovka 16V 9061 Bipd2 tt Shift(m) O o :gi
Delete §§§ i ‘ ‘ . _ | =49
lastlines 0 20 40 60 80 100
B2
- _ AO, MNceBaopaspes KayLLErocs conpoTHENeHua (MNB (9]
SEQ- ABMN Electrodes- 105  Distance 1.m fratlines O 7M5?"—LL'NTPT+_L gl m]
R=00Y2 Typeofarray -  dipole-dipole (ABMN) i =i
00" length (44) from 110515 Overlapping 6 AgB  MgN . . 145
Data points - 6786 Quadripoles 1613 ~ v 30 é;nz
37.5 —
al_to X=(B+M)/2 45 . r =0
all_topo.dat - Giworkdirdlexandrovka. 1641906164 Ps.Z=0072 _—
all_topo.dat - GiworkdirAlexandrovka. 1611906164 0 £ & 80 100 .
AQ,M ﬂceaﬂ.uEaseea Kaguerum CONpOTHENEHUA EAMN = [C}m] :
10 S h 200
Section mode 20 - 140
(@) App resistivity Woltage ACcuracy Synth. resist Charey. misfit || 30 . \_‘7 ;l’gﬂ
A A A 40
Chargeshility Current Fesist. misfit Synth. charg s0 h‘\k - 50
A 20 40 60 80 100
6.4.Input topography

The simplest way to include topography data is to prepare table X- and Altitude- coordinates table in
a spreadsheet application (e.g. MICROSOFT EXCEL) and copy it to clipboard.

00 |~ | |1 [ [ N =

g

A

0
40
100
145
205
300
505
600

B
1172
1172
1170
1172
1175

1182.5
1198.7
1204

Use one of these buttons to paste topography data (X and Alt) from the clipboard and to find
each electrode elevation by linear or square interpolation.

'Table‘«

:
N x

1 -10
2 0
3 5
4 10
5 15
[ 20
7 25
8 3n
9 35
10 40
1 45

| 1e 50
13 55
14 60

Alt
11re
1172
re
1172
1172
1172
1172
7z
1172
1re
1171.833
1171.667
11715
1171.333

1205

1200

1195

1190

1185

1180

175

170

[ % X - Bm|| 10 v [ & xut

Daa | [Elecrones! | Spacings | Soundings ‘—thhng | ®eorecion |
# =

300

400

500

600

N
1
2
3
4
5
[
7
8

9
10
11
I 12
13
14

x
-10
0
5
10
15
20
25
30
35
40
45
50
55
60

Alt
1171.833
172
1172.065
1721
1172126
1172133
1172126
1721
1172068
vz
1777
1171.565
1171363
1717

-

E

1205

1200

1193

1190

1185

1180

175

170

CONE e 20 oW T

Date | [Elecioges | Spacings | Soundings ‘;’mﬂhng | ®eorecion |

xxva:um % %

400 500 600

6.5.Analysis of inversion result ([.inv] files)

The inversion results can be improved usually, if one removes data points with large misfit. There is an
option in RES2DINV to remove such point — <Menu — Edit data — RMS error statistics>.

- e —
8| RESZDINV : Display Sections Window - G\workdin\Alexandrovka. 1 7\071017\seminar®

File Display sections Change display settings [Edit data] Print Exit

RMS error statistics
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X2IPI can plot misfit pseudosection to analyze inversion results and remove data points with large misfit.

004 length 139) from B to 1726 Overlapping 6 AgB Mo 6 LI (= RV ] uvu\.\npw 1y o AgB  MgN
Data points - 1845 Quadripoles 921 aNFa f| | Detapoints-164s Quedijpelles €21 NV
SH_DD INY - GlworkdifAlexandrovka, 1 7307101 TiseminanDATAL x=@myz 8 |SH_DDINV-GiwarkditAlexandrovka.1 707101 AserninarDATAL x=(B+M)/2
SH_DD.INY - G iworkditAlsxandrovka 1 V07101 Tiseminar DATAL Ps.2=00V2 9 |SH_DDINV-GiworkditAlexandrovka 1707101 7iserninanDATAL Ps.2=0072
10
Il
Wl 12 | sSectionmade
App. resistivity Vallage Accuracy () Synth, resist. Charg. misfit 13 | (O App resistivity Voltage Ag () Synth. resist Charg. misfit
Current () Resist misfit Synth. charg 14 Chargeability Current QE_ Resist. misfit ) Syrth. charg
Lie
Data anH quaaripolss configuration @ !
b
] Double
. resistivity) p Resist. misfit
T ] e 75r i g | s Bl g5
15| FHETETE s37 |F 151 *FiEE $iETTiTa EEEE
225p i i sl 13 325 oo
W . 4329 L It S =2 46 /19 MRl i" ] 12.5
3511 [T +TIETEE Ead 11t +
375 E28) B 375) 28 5 1hv
i . 1 ol I 1 125
5251 EEI el + 1 "
875 152 || 2333 it 3254 7.5
75| RO 875r 1
3 [F | b I
oB25) S R R R R e w0 |b | egesf ) 12
Sl § H
Cosl PO R e 8111 2% 1 o 25
sl R e Sy S e Eo Eo SO 5579 | b | =750 M. N ] 5
Cios| * - ]
1250 A S 53.37 75
el pabaas s ] 1250 R PSS r e st e AR 4 .
[RETTTT NPT B
1275 ek 120¢ varararaesaaribrtararer Tl
i 12751 1B s

r FrrrERrEarrrEErbE [ ]

1425 PN 1351 1 -15
T80k 14251 AR R 4 -

i el mT
1517527 prrrres 1575 P T ] --ZEI
1725 1851 Frrreer 1 -22.5

25 50 75 100 125 150 175 200 225 250 275 300 325 1725 -
e ——— - S ——— e — 25 50 76100 125 150 175 200 225 2A0 276 300 326 360

-55-



