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1 Introduction

RES2DINVx64 is a computer program that will automatically determine adimensional (2
D) resistivity model for the subsurface for data obtained frebB &ectricd imaging surveys (Dahlin
1996). It is a 64bit Windows based program that supports ratdtie CPUs.

Figurel shows an example of the electrodes arrangement and measurement sequence that can be
used for a 2D electical imaging survey. Many different multlectrode systems have been developed
over the past 20 years using different arrangements of the cables and measurement strategies (Loke 2018,
Loke et al. 2013). This program is designed to invert large datgvsgfisabout 200 to 100000 data
points) collected with a system with a large number (25 to 16000) of electrode positions along the survey
line. The survey is usually carried out with a system where the electrodes are arranged along a line with
a constant gacing between adjacent electrodes. However, the program can also handle data sets with a
nonuniform electrode spacing.

Station 32
| ' |
?1 da ?1 Ja ﬁz Ja ?2
Station 18 L.
| L | Resistivity Meter
C1 2a ﬁ1 2a ﬁ2 2a ?2

Station 1

Multi-core cable
P1 P2 Cy Electrode MNumhber

1
Data 1 _2 3 a 4 5 6 T & 9 10 11 12 13 14 15 16 17 18 19 20
| I T T e Ty Y Y Y

n=1 1 . .

n=2 18 * :

n=3 32+

I'I=4 43. .
n=n5 51-
n=h

56"

Sequence of measurements to build up a pseudosection

Figure 1. Sequence of measurements to build up a pseudosection using a computer controled multi
electrode srvey setup.

The 2D model used by the inversion program consists of a large number of rectangular blocks.
Figure2a shows an arrangement of the blocks that is loosely tied to the distribution of the data points in
the pseudosection. The distribution and size of the blocks are automatically generated by the program
using the distribution of the data points as a rough guide. The depth of the bottom row of blocks is set to
be approximately equal to the median deptlneéstigation (Edwards 1977) of the data points with the
largest electrode spacing. Figure 2b shows an alternative arrangement with blocks of uniform width
extending to the ends of the survey line.

A finite-difference or finiteelement modelling subrougnis used to calculate the apparent
resistivity values, and a ndmear smoothnessonstrained leastquares optimization technique is used
to calculate the resistivity of the model blocks (deGidetlin and Constable 1990). This program can
be used forsurveys using the Wenner, pglele, dipoledipole, poledipole, WenneiSchlumberger,
gradient and equatorial dipetBpole (rectangular) arrays (Appendix A). In addition to these common
arrays, the program supports poonventional arrays with an almoshlimited number of possible
electrode configurations (Loke et al. 2010a,b). You can process pseudosections with up to 16000
electrode positions and 100000 data points at a single time on a computer with 8 gigabytes (GB) of
RAM. Besides normal surveys cai out with the electrodes on the ground surface, the program also
supports aquatic and crelserehole surveys.
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Figure2. Two possible arrangements of the blocks used ifDan®odel together with the data points in
the pseudoséion.

2 Computer system requirements

This program is designed to run on microcomputers using the Windows XP/Vista/7/8/10
operating systems. On a modern matire PC, it will take less than a half a minute to invert the data set
obtained from a survey wit100 electrodes.

System requirements : A PC with a-b# multi-core CPU, at least 4 GB RAM and a-b# version of
Windows is required. However, it is recommended that you use a PC with at least 8 GB RAM. The
program can access more than 8 GB RAMsTdrieatly increases the data and model size that can be
processed.

It is recommended that you use a PC with an Intel (rather than an AMD) CPU as the
RES2DINVx64 program is optimized for this type of CPU. These optimizations can significantly reduce
the cdculation time for large data sets. The program uses thediskdo store temporary swap files. If
you have more than one hadisk drive, the program will automatically select the drive with the largest
amount of free space as the drive to store the gikes. The amount of free hadisk space should be at
least 4 times the RAM.

Practically all computers have an-buoilt power management system that slows down and
eventually shuts down the computer system if the keyboard or mouse is not accessedeaftén time
limit. This can interfere with the operation of the RES2DINVx64 program if you are inverting a large
data set or using the batch mode to invert a large number of data files. Windows also hbsilan in
screen saver functions that replacke tontents of the screen with a screen saver program. Before
running the RES2DINVx64 program, you will need to disable both the power management and screen
saver programs.

There should not be too many background programs running while executing thienprddpe
active background programs are usually shown on the 'Start' bar at the bottom of the screen. By shutting
down the other programs, more memory will be available to this program. This will reduce memory to
harddisk swapping that slows down the prai.



3 Copy protection

The program uses the Aarhus Geosoftware Internet based digital copy protections system for
copy protection. Without the digital license, you can use the program to invert data sets with up to 84
electrodes (with a limit of 4 itations in the inversion routine). With a license that has the
RES2DINVx64 software license, the restrictions are removed. When the program is launched for the first
time the user is prompted to supply a license code:

Information *

Licenze not found.

To use this program, you need to enter a license code, Don't have a license yet? Contact

Support@AarhusGeoSoftware.dk (International users)
Suppeort@geo.au.dk (Danish users)

to get a free trial license or to buy a full license,

Do you wish to enter a license code now?

________ 0K || Cancel
I f “Cancel” i s coaltd mtueeds time dprmogrmeome with | i mite
sel ected the user need to enter the | icense code
Res2Dlnv x|

Please enter your license code: ||

(6]4 | Cancel | I

If the license code is valid the following screen with information about the PC and the licezese: is s

System Resources X ‘

Number of CPU Cores is 20

Total Physical Memory 130961.6 MBs

Accessible Physical Memory 130944.0 MBs

Free Disk Space 1861.57 GBs in drive e:\temp_buffer_2di\.
Screen view area 2560 by 1357

The maximum number of data points

you can process at a single time is 250000.

Maximum number of electrodes is 12000.

Maximum number of model layers is 101.

Windows 10

2D software license detected

License ID number is 921

License support expiry date 1-1-2050
RES2DINVx64 ver, 4.8.1 date 2-5-2018

Copyright (2018) M.H.Loke

email : geotomosoft@outlook.com
sales@aarhusgeosoftware.dk

Web : www.geotomosoft.com
www.aarhusgeosoftware.dk

It is also possible to see the license informatiotHielp -> show AGS license fle menu. opti on

The license can be unregistered to be moved to another PC, always remember to do this before
unregisteringthe software as the computer will stdke up the license if this is not done.
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To unregister the license prestelp — UnregisterAGS licensé optionas fiownbelow:

Y64 RES2DINVX64 ver. 4.8.1 :- 921
File Edit Change Settings Inversion Display Topography Options Print  Help
Program Info
System Info
Help
Technical Support

Show AGS license file
Unregister AGS license

4 Theory

The inversion routine used by the program is based on the smoetiomsssined leastquares
method (deGroeHedlin and Constable 1990, Sasaki 1992, Loke et al. 2003). The smoethness
constrained leastquares method is based on the following equation

(073 +/F)pq=3"g - /Fq,. 4.1)
where
F=aC.C +aCIC,,
Cy = horizontal roughness filter§;; = vertical roughness filter

J = Jacobian matrix of partial derivativel, = transpose o
/ =damping factorg = model change vectorg = data misfit vector

One advantage of this method is that the damping factor and roughness filters can betadjusted
suit different types of data. A detailed description of the different variations of the smoethness
constrained leastquares method can be found in the free tutorial notes by Loke (2018). The different
program options are described in sections 10 dnd 1

The optimization method tries to reduce the difference between the calculated and measured
apparent resistivity values by adjusting the resistivity of the model blocks subject to the smoothness
constraints used. A measure of this difference is givethdyootmeansquared (RMS) error. However,
the model with the lowest possible RMS error sometimes show large and unrealistic variations in the
model resistivity values and might not always be the "best" model from a geological perspective. In
general, thenost prudent approach is to choose the model at the iteration after which the RMS error does
not change significantly. This usually occurs between the 3rd and 6th iterations.



5 Software installation

You can download the programs from the www.aarhusgfeeare.dk website. The
RES3DINVx64 package comes in a single compressed installation file SETUP.EXE. It is a Windows
based installation program that will install the program files. The default folder for the program is
C:\Program Files (x86Beotomo_SoftardRes3dinvx64. Table 1 shows a list of some of the files that
are installed when you run the SETUP.EXE program.

Tablel. Partial list of files installed with the RES2DINVx64 program.

RES2DINVx64.EXE Main inversion program

RES2DNVx64 INTEL.EXE | Version of program optimized for recent Intel CPUs
RES2DINVx64.PDF Manual in PDF format

RES2DINV.CHM Windows Help file for this program

REGISTER.TXT Registration file in text format

REGISTER.DOC Registration file in MS Word format

LANDFILL.DAT An example field data file for the Wenner array obtained by a sury

with 50 electrodes. This example shows an interesting applicatior
2-D electrical imaging to map a pollution plume from a landfill site
(Niederleithinger, 1994).

GRUNDFOR.DAT Another field example for the Wenner array, but with a more irreg
distribution of the data points.

ODARSLOV.DAT A fairly large data set collected over a high resistivity
dyke (Wenner array).

ROMO.DAT Another fairly large data set (Wenner array).

DUFUYA.DAT This is a large data set with nearly 300 electrodes and more thar
data points (Wenner array).

GLADOEZ2.DAT An example data file with topographical information.

BLOCKWEN.DAT Input test data file for Wenner array with a few bad data points.

BLOCKDIP.DAT Example input data file for dipolgipole array.

BLOCKTWO.DAT Example input data file for polgole array.

RATHCRO.DAT Wenner array data file from an archaeological survey which also
contains topographical information.

RATHCRO.INV Example nversion file.

RATHCRO SURFER.ZIP Example Surfer files.

RATCMIX.DAT Same data set as above but in general array format.

RATCMIX_Sep_Topo.DAT | Same data set as above in general array format but with the
topography section listed after the main data sectio

RATCMIX_Global.dat Example data set in general array format and global coordinates.

PIPESCHL.DAT Example field data set for the Wensf&chlumberger array.

WATER.DAT Example data file for an underwater survey.

LAKELELIA.DAT Example of an underwateiefd survey data set.

MODEL101.DAT A moderately large test data set.

DIPOLENS.DAT Example dipoldipole data file withnom nt eger v a’'l u
factor.

BLUERIDGE.DAT Example dipoledi pol e data set with di
combinations.

WENSCHNSDAT Example WenneBSchlumberger data set with norteger values for
t heg “factor.

PDIPREV.DAT Example poldipole data file with the "forward” and "reverse"
arrangement of the electrodes.

POLDPIN5.DAT Example polddipole data set with neimtegervall e s f o'r t
factor.

OHMMAPPER.DAT Example field data set from a mobile surveying system

IPMODEL.DAT IP with data set with chargeability values

IPSHAN.DAT Field survey IP data set with PFE values

IPMAGUSI.DAT Field survey IP data set with metal facvalues.
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IPKENN.DAT Field survey IP data set with phase angle values
BOREHOLE.DAT Example crosdorehole data set.
BOREHIP.DAT Example crosdorehole data set with IP measurements.

BORELANC.DAT

Crossborehole field data set.

BOREDIFF.DAT

Example crgsborehole data set where the electrodes in the two
borehole are not at the same depths.

BORERES.DAT

Example cros#orehole data set with measurements given as
resistance values.

BOREHOLE_Global.dat

Example borehole data set with global coordinates.

BOREHOLE_TOPO.DAT

Example borehole data set with topography

TIMELAPS.DAT

Example timelapse data set.

MIXED.DAT

Example data set in general array format with mixture of
measurements with Wenngchlumberger and dipcldipole arrays.

CROMERO2.DAT

Gradientarray data set.

LONG_RES.DAT

A synthetic resistivity data set with 600 electrodes (Wenner Alphe
array).

LONG_IP.DAT

Long data set with I.P. values as well (Wenner Beta array).

HAT_HEAD.DAT

Example of a survey across a river with underwater electrodes.

DAM_SURVEY.DAT

Example data set of a survey across a dam with only electrodes i
dam underwater.

Suspendedtreamer Example data file with a suspended streamer in underwater surve

Aquatic-Survey.dat

COLLATE_2D _TO_3D This contains a s@f example files to collate datal2 survey lines

Arbitrary.zip into the arbitrary electrodes format’Bdata file used by the
RES3DINVx64 program.

RES2DINV.INI Configuration file for the RES2DINVx64 program.

RES2DINV.IN2 Alternative configuration file.

README.TXT Latest information about the current version of tHe Rversion
program.

RESIS.BTH Example file for the batch processing mode option

The RES2DINVx64 INTEL.EXE program should only be used in PCs with the Intel Sandy

Bridge, Ivy Bridge, Broadwell, Skyle and Kabylake CPUs.



6 Using the programi a quick start

Click the RES2DINVx64 icon to start the program. The program will first check the computer
system to ensure that it has the necessary resources (such as memory-disk lspete) that it reous.
As an example, below is a typical initial information box displayed by the program.

System Resources X ‘

Number of CPU Cores is 20

Total Physical Memory 130961.6 MBs

Accessible Physical Memory 130944.0 MBs

Free Disk Space 1861.57 GBs in drive e:\temp_buffer_2di\.
Screen view area 2560 by 1357

The maximum number of data points

you can process at a single time is 250000.

Maximum number of electrodes is 12000.

Maximum number of model layers is 101.

Windows 10

2D software license detected

License ID number is 921

License support expiry date 1-1-2050
RES2DINVx64 ver. 4.8.1 date 26-4-2017

Copyright (2018) M.H.Loke

email : geotomosoft@outlook.com
sales@aarhusgeosoftware.dk

Web : www.geotomosoft.com
www.aarhusgeosoftware.dk

After checking the computer configuration, the program will then display the following Main Menu bar
near the top of the screen.

#% RES2DINVX64 ver. 4.8.1:- 921
File Edit Change Settings Inversion Display Topography Options Print Help
Read data file

Round up positions of electrodes
Automatically switch electrodes
Cut-off factor to remove data

Calculate errors from repeated readings
Data Import >

Collate data into RES3DINV format
Concatenate data into RES2DINV format

Combine 2-D files into a time-lapse file

Change buffer drive
Save sorted data after reading in data file

Trace program execution

Exit program

You can select an option by cliclj it with the mouse cursor. If this is the first time you are
using the program, try reading in one of the smaller files such as the BLOCKDIP.DAT provided with the
program. Click theFile" choi c e, f Rehd datavfdldd menu heh ¢ iithecessalyf t er t
navigate to the folder where the RES2DINV program is installed. After reading in the file, go to the
“Inversion” opti on, a n d Catnhoetrinvecsiord o soep ttitoen . “ The i nversio
start. Wait for about a second for thatalto be inverted. If you need to stop the inversion routine at any
time, just click the 'Next' sutwvindow at the bottormight of the screen and wait for a short while. By
default, the program will carry out 6 iterations that can be increased if necessary

After the inversion proc®isplay’haopthe@en tdamp lwd tl €
new window. I n t h e Disptayseation® disphay, datz dnd moklel sedtie@is “s u b
option. You will then be asked to select the iteration nunalner type of contour intervals. After you
have made the appropriate choices, the program will then display the apparent resistivity and inversion
model sections.



7 Data file format

When you BReaddatafi€¢ t menti choi ce aevioudsestionralistefd i n
files in the current folder that has an extension of DAT will be displayed. It is assumed that the files
follow the format required by this program. If not, you have to convert the raw data file using the
conversion program for éhparticular resistivity meter system. Most field equipment systems, such as the
Abem and Iris Instrument systems, come with a utility program to convert the raw data into the format
required by the RES2DINVx64 program. This program can also import data dr number of field
systems (section 8.6). The apparent resistivity values are given in a text file. You can use any text editor,
such as the Windows Notepad program, if you are creating the data file manually. The data are arranged
in an ASCII delimitedmanner where a comma or blank space or LF/CR is used to separate different
numerical data items. If there is a problem in running this program, one possible cause is that the input
data were arranged in a wrong format.

There are two main types of datarfat used by this program, an index based and a general
array format. The older index based format is only used for conventional arrays such as the Wenner,
WennerSchlumberger, polpole, poledipole and dipolalipole arrays. The general array format cen b
used for any array, including naonventional arrays.

7.1 Index based data format

The index based data format use a maximum of three parameters to specify aRiguraB3).
The first parameter is the locati of the first (leftmost) electrode or the npdint of the array. The
second parameter is the spacing between the P1 and P2 potential electrodesguéng). The third
parameter (only applicable to the pdlipole, dipoledipole and WenneBchlumbeger arrays) is the
ratio of the distance of the current electrode from the nearest potential electrode tdPthedting (the

‘" value). The three par amet e rdipolesaray asianh dxample.r at e d
c2 c1 P1 P2
sE—g —Fes na FeE—d—>e
| |
First Mid-point
electrode location
location

Figure3. Parameters that specify the location and length of an array in the index based data format.

7.1.1 Wenner, polepole, equatorial dipoledipole arrays

For the Wenner, polpole and equatorial dipol@gipole arrays (seError! Reference source not
found.), it is always assumed that tmé factor is always equals to 1 and thus need not be listed in the
data file. As an example of a data file without th'efactor, Table 2 shows the data format for the
example file LANDFILL.DAT with comments about information in the data lines.

The data file BLOCKPOL.DAT gives an example of a pptde array data set. The arrangement
of the electrodes for the equatorial dipdipole array is shown in the Figure 4.

Equatorial Dipole - Dipole

cC2 P2
L ] L ]
T T
b€ a * b
& &
[ ] [ ]
C1 P1

Figure4. Arrangement of electrodes for the equatorial digglfele array.



Table2. Example Wenner array data file format.

LANDFILL.DAT file Comments
LANDFILL SURVEY | Name of survey line
3.0 Unit electrode spacing
1 Array type, 1 for Wenner
334 Number of data points
1 Type of ¥ocation for data points, 1 for migoint
0 Flag for I.P. data, O for none (1 if present)
450 3.0 84.9 First data point. For ach data point, list the-bocation,
750 3.0 628 'a’ electrode spacing, apparent resistivity value

1050 3.0 49.2 Third data point

1350 3.0 41.3 Fourth data point
Same format for other data points

75.00 48.0 525 Lastdata point

0,0,0,0,0 Ends with a few zeros. Flags for other options.

The apparent resistivity valug for this array is given by

ro=2P38g (7.1)

(s- a)

wheres = (& + b?)%%andR s the measured resistance. This array diffenqfother arrays where the
electrodes are arranged in a single line. Each reading is characterized by two spacings. The first spacing,
a, is the distance between the current electrodes paltXCand the potential pair FA2. The second
spacing,b, is the spcing between the C1 and C2 electrodes. This program has a restriction that the
spacing between the A2 pair must be the same as that between th€Zgair. An example of a data
file for this array is the data file FAULTEQU.DAT ifhable 3. For this array, it is necessary to include
the b' spacing between the €12 electrodes pair after the array number. It is assumed all the readings in
the data fille spaeinlgd 34 pnad iff gleaseasafee to Appendix,B in the
Res3dinvx64 manual.

Table3. Example equatorial dipoigipole array data file.

FAULTEQU.DAT file Comments
Equatorial dipoledipole | Name of survey line
array
1.0 Unit electrode spacing (a)
8 Array type, 8 for equatorial dipoldipole
15 The 'b' spacing between the -2 pair
285 Number of data points
1 Type of Mocation for data points, 1 for migoint
0 Flag for I.P. data, O for none (1 if present)
0.50 1.00 2.74 First data point. Foreach data point, list the
1.50 1.00 2.74 x-location, 'a' electrode spacing, and the
apparent resistivity value
Same format for other data points
47.006.00 1.02 Last data point
0,0,0,0,0 Ends with a few zeros. Flags for otheitions.
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7.1.2 Schlumberger, dipoledipole and poledipole arrays

The dipoledipole, poledipole and WenneBchlumberger array€(ror! Reference source not
found.) data sets have a slightly different formatsimn extra parameter, the dipole separation fattor '
is neededTable4 shows an example for the Wentt&chlumberger array.

Table4. Example WenneBchlumberger array data file.

PIPESCH..DAT file Comments
Underground pipe survey Name of survey line
1.0 Unit electrode spacing
7 Array type, 7 for WenneBchlumberger
173 Number of data points
1 Type of ¥ocation for data points, 1 for migoint
0 Flag for I.P. data, 0 for none (1 jfresent)
1.50 1.00 1 641.1633 First data point. For each data point, list thdocation,
250 1.00 1 408.0756 'a’ electrode spacing, the 'n' factor and the
3.50 1.00 1 770.0323 apparent resistivity value
450 1.00 1 675.3062 Fourth data point

Same format for other data points

250 1.00 2 206.2745 31st data point, note 'n' value of 2

19.00 2.00 5 896.3058 Last data point, note a=2.0 and n=5

0,0,0,0,0 Ends with a few zeros. Flags for other opis.

Table5 describes the data file format for the dipdipole array.

Table5. Example dipoledipole array data file.

BLOCKDIP.DAT file Comments
Block Name of survey line
1.0 Unit dectrode spacing
3 Array type, 3 for dipolalipole
173 Number of data points
1 Type of Mocation for data points, 1 for migoint
0 Flag for I.P. data, O for none (1 if present)
150 1.00 1 641.1633 First data point. For each data point, lidte xlocation,
250 1.00 1 408.0756 'a’' electrode spacing, the 'n' factor and the
3.50 1.00 1 770.0323 apparent resistivity value

Same format for other data points

250 1.00 2 206.2745 31st data point, note 'n' value »f

19.00 2.00 5 896.3058 Last data point, note a=2.0 and n=5

0,0,0,0,0 Ends with a few zeros. Flags for other options.

In most cases, the' dipole separation factor is an integer value. However, it is possible for the
'n' factor to have na-integer values although all the electrodes still have a constantelatgrode
spacing. This can occur when the spacigéetween the RP2 pair is twice (or more) the unit electrode
spacing. For the example shown in Figure 5b, the unit electrodsgfar the survey line is 1 meter.
The &' spacing has a value of 2 meters, while the distance between the C1 and P1 electrodes is 3 meters.
In this case, then® factor has a value of 1.5. The data file, DIPOLEN5.DAT, gives an example of a
dipole-dipoledata set with noimteger ' values. For cases where the fractional part oftfaetor has is
an infinite series in decimal notation, tme value should be given to at least four decimal places. For
example, if ther' value is one and ortird, it should be given as 1.3333.
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If the location of the first electrode is used in the data format, it should be the leftmost electrode;
such as the C2 electrodeRigure5a andFigure5b, C1 inFigure5c and P2 irFigure5d.

a). b).
[:23 C1 0a R a R C, C4 R B
'y - S SN
Dipole-dipole,n =4 d) a=2m n=1.5
S B P B Cy
na na
i Pole-dipole l i iFim.rierse Pu:;le—nc:lipu:ulei

Figure5. Arrangement of the electrodes for the dipdigole and polalipole arrays. (a) Digle-dipole
array with integem" factor. (b) Example of dipoldipole array withnoi nt engew al ue. Arrang
of the electrodes for ( c)dpbldhagays.f or ward” and (d) ¢

There are two other issues involved with the gbfwle arrg. The first is that the current
electrode can be to the left (normal arrangement) or to the right (reverse arrangement) of the potential
electrodes. To distinguish between the two arrangements, a positive value is usechféadtar in the
normal arangement, and a negative value for the 'reverse' arrangement. Tkdipptdearray is an
asymmetrical array, and over symmetrical structures the apparent resistivity anomalies in the
pseudosection are also asymmetrical. In some situations, the asymmehg measured apparent
resistivity values could influence the model obtained after inversion. One method to eliminate the effect
of this asymmetry is to repeat the measurements with the electrodes arranged in the reverse manner. By
combining the measuremd s wi t h t he “ f or -dipotedrfaysaanydias'irteevnedels e ”
due to the asymmetrical nature of this array would be removed. The file PDIPREV.DAT is an example
data set that combines measur e ment-dipolenardysTabei t h t h
6). There is no common standard to define the position of the pseudoseptaiting position for the
poledipole array as it is a nesymmetrical array. There are two possible conventitmsise the mid
point between the PR2 electrodes or the mjbint between the CP2 electrodes. This program uses
the midpoint between the CP2 electrodes to define thkdocation of the array.

Table6. Example poldipole arrg data file.

PDIPREV.DAT file Comments

Forward and revers| Name of survey line
poledipole array

7.0 Unit electrode spacing
6 Array type, 6 for polalipole
162 Number of data points
0 Type of Mocation for data points, O for first electrode
0 Flag for I.P. data, O for none (1 if present)
0,63,1,0.8277 x-location, 'a' spacing, 'n' factor, apparent resistivity,
0,56,1,0.8236 2nd data point
0,49,1,0.8888 3rd data point

Same format for other data points
0,63;1,2.298 82nd data point, 'n' Mae of-1for reverse polalipole
0,7-1,102.4 Last data point, note a=7.0 and RE
0,0,0,0,0 Ends with a few zeros. Flags for other options.

Another variation of the poldipole array is the offset polfipole array. This array was originally
designed to carry out-B I.P. surveys rapidly (Whitet al, 2003), thus data from such surveys are
normally processed with thel3 inversion program RES3DINVx64. Support is provided for the array in
this program so that users have the option of invertah dine individually. The arrangement of the
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electrodes is shown in tHeégure 6. The arrangement is similar to that used by the normaldiptde

array except that the current electrode is not on the sameslitie potential electrodes but offset at a

di st &ncferdm the survey |ine. This arrangement wa
current electrode and the potential dipole. The RES2DINVx64 program does not support the case when
the C1 electrod is immediately below the P1 electrode (ne0). For a data set with this arrangement,

you wi || need to use the RES3DINVX6bDfPgrsedr adm.stAam
same for al/l t he blatwval pasBnthe sueveyluysuewdllialsdo need eoruge the
RES3DINVx64 program. The file OFF_PDP.DAT gives an example of the data format for this array.
Table 7 shows the initial part of this data file with comments aboutfdmmat. The data format is
essentially the same as the normal gbjfole array, except the array number is 10 and the offset distance

is given immediately after the array number.

- na - oy —
! P 2
b
"

1

Figure6. Arrangement of electrodes for the @ffpoledipole array.

Table7. Example offset pol€ipole array data file.

OFF PDP.DAT file Comments
Blocks with IP Title
2.00 Unit electrode spacing
10 Array type (10 for offset poldipole)
1.00 Offset of current electrode fno survey line
530 Number of data points
1 1 for mid-point of array given as-location
1 1 to indicate IP present
Chargeability Type of IP data
Msec IP unit
0.10,1.00 Delay, integration time

2.02.01.0100.79760.9118 For each data point, we have

4.02.01.0102.05481.8678 x ocation, fao dipole spacin

6.0 2.0 1.0 104.94874.3391 apparent resistivity, apparent IP

8.02.01.0111.01599.0335

Other data points

53.0 2.0-10.0 109.3857 5.5469 | Last data point

0,0,00,0 A few zeros to end the file

7.1.3 Topography data for index based format data files

The topography data is entered immediately after the main section with the apparent resistivity
values. The file GLADOE2.DAT is an example with topographical date. Gottom section of this file
with a description of the format for topographical data is giveTainle 8. Note that the topography data
is placed immediately after the apparent resistivity data points. The first item is @ iftalicate whether
the file contains topography data. If there is no topography data, its value is 0. Enter 1 or 2 if
topographical data is present. In the case where the actual horizontal and vertical coordinates of
topography data points along the surlieg are given, enter 1. Even if the actual horizontal distances are
given in the topography data section, you must still use-listance along the ground surface in the
apparent resistivity data section. In most surveys the distances of the poigtthelground surface, and
not true horizontal distances, are actually measured with a tape or using a cable with takeouts at regular
intervals. In this case, enter a value of 2 for the topography data flag. This is followed by the number of
topographicabtlata points.
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It is not necessary to measure the elevation for each electrode. For example, the data in the
GLADOE2.DAT file involves 161 electrodes but only the elevations at 26 points are given. The
maximum number of topographical data points you can s#800. For each data point, the horizontal
location and the elevation is entered into the data file. After the last topographical data point, the number
of the topographical data point where the first electrode is located is given. In the above etkenfipée,
electrode was located a0 meters, which corresponds to the 2nd topographical data point. Note that the
elevation of the first electrode is required. If this was not measured in the field, you can estimate it from
the elevations of the neighiiiog data points. In most cases, the first topographical data point corresponds
to the first electrode and the last topographical data point corresponds to the last electrodes. An example
data file with this arrangement is RATHCRO.DAT. By tying the finstl #ast topographical data points
to the first and last electrodes, this will help to avoid errors in the data format.

Table8. Example of index based data file with topography.

GLADOEZ2.DAT file Comments

237 2 39.207 Last four dah points

203 2 14.546 with x-location of the data point, electrode spacing
227 2 31.793 and measured apparent resistivity values

233 2 30.285

2 Topography data flag. If no topography data, place 0 here.
26 Number of topography data points

-100 33 Horizontal and vertical coordinates of 1st,

-40 34.5 2nd topography data point

-20 35.0 This is followed by similar data for

0 35.209 the remaining topography data points

300 33 Last topography data point

2 The topography data point numhbegith the first electrode
0,0,0,0,0 A few zeros to end the file

7.2 General array data format

This feature is to cater for electrode arrangements that do not fall under the usual array types or
electrode arrangements, or unusual ways of carrying lmutstirveys. There are probably an infinite
number of possible electrode configurations that are limited only by the imagination of the user but in
most cases they are likely to be slight variations of the standard dfigye7 shows four possible nen
standard configuration®©ne possibility is a nesymmetrical variation of a symmetrical array, such as
the WenneiSchlumberger or the dipoldipole array Figure 7a,b,d). $ich a configuration could arise
from surveys with multchannel resistivity meters where measurements are made with several pairs of
potential electrodes for a common pair of current electrodes. While the program gives the user greater
latitude in the elecode arrangement, some arrays that are technically possible but would have very low
potential signals should be avoided.

a). b).
Cy h B C, C, G R R
| by | B
c). d).
Cy R E2P2 C, C4 R Pz

' 0 20 S r e

Figure 7. Some possible netonventional arrays. (a) Nesymmetrical fowelectrode Wenner
Schlumberger ogradient type of array. (b) Dipoléipole array with dipoles of unequal size. (c) A
possible but probably newiable electrode configuration. (d) Highly negmmetrical dipoledipole
array.
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To accommodate the various possibilities, a general array datatfevhere the positions of all
the four electrodes are listed is used. Xiecation as well as the elevation of all the electrodes used in a
measurement must be given. The file MIXED.DAT is an example data file with such a format. This is
actually a sythetic data set with a mixture of measurements using the W.Suhdwrmberger and dipole
dipole arrays. The initial part of this data file with comments about the format is giVexleO.

The subarray type indiator is used when the electrode configuration follows one of the
conventional arrays, for example the Wen8ehlumberger array. As an example, the file
MIXEDWS.DAT has the data for a Wenn8chlumberger array only but the information is arranged in a
geneal array format. In this case the satvay number is 7. The file RATHCMIX.DATT@ble10) has
the data for the Rathcrogan moungddell and Barton, 1993or the Wenner array but in a general
array format (thustihas sukarray number of 1). For these data sets, the apparent resistivity vales can be
displayed in the form of a pseudosecti@able 10 lists the data format used for this data set. The file
MIXED.DAT is a combned data set with measurements using the WeSBoklumberger and dipcle
dipole array. In this case, there is no consistent array type, so tagraymumber is given as 0.

Table9. Example data file with general array format.

MIXED.DAT file

Comments

Mixed array Name of survey line

1.0 Unit electrode spacing

11 Array type (11 for general array)

0 Array type, 0 norspecific

Type of measurement (O=ap Header

resistivity,1=resistance)

0 0 to indicate apparent resistivity

407 Number of data points

1 Type of ¥ocation, O for true horizontal distance

Flag for I.P. data, 0 for none (1 if present)

0.00.03.00.01.00.02.00.0 10.158

The format for each data pointis :

1.00.04.00.02.00.03.00.0 10.168

Numbe of electrodes used,

x- and zlocation of C1, C2, P1, P2,

3.00.06.00.04.00.05.00.0 10.225

Apparent resistivity or resistance value

0
4
4
4 2.00.05.00.03.00.04.00.0 10.184
4
4

400.07.00.05.00.06.00.0 10.337

Same format fioother data points

4 27.00.026.00.00 33.00.034.00.06.765

Last data point

0,0,0,0,0

Ends with a few zeros.

Concerning the indicator for the typesfocation, there are two possible values. A value of 1 is
used if thex-location values & the true horizontal distances, while a value of 2 is used if it is the
distance along the ground surface. This is similar to the convention used for topography data for the
index based format (Section 7.1.3).

In the RATCMIX.DAT file, the topography infonation is included as the elevation for each
electrode in every data line. In some cases, it might be more convenient to enter the topography
information in a separate list, much like for data in the index based format. One example with data in the
generalarray format but with the topography in a separate list after the apparent resistivity data lines is
given in the file RATCMIX_Sep_Topo.DAT. Part of the file is shownTable 11. Note the addition of
an extra hede r  Topagraphy‘in separate list t h a't indicates the topogr
separate list after the apparent resistivity data lines. Note also in the data lines, the elevation for each
electrode is given as 0.00. The program will calculate dlewvation for the electrodes from the
topography information.
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Table10. Example general array format file with topography.

RATHCMIX.DAT file

Comments

Rathcrogan Name of survey line

2.0 Unit electrode spacing

11 Array type (1 for general array)
1 Sib-array type, 1 for Wenner

Type of measurement (O=app. resistivity,1=resistance

Header

0

0 to indicate apparent resistivity

399 Number of data points
2 Type of Mocation, 2 for surface distance
0 Flag for I.P. data, O for ane (1 if present)

4 -36.0 0.04430.0 0.50334.0 0.13432.0 0.311 116.0

First data point, note nozero elevation
after xlocation of each electrode.

4-34.0 0.13428.00.71232.0 0.311-30.0 0.503 118.0

Second data point

Same format for othetfata points

4 58.0 0.385 94.68.270 70.02.095 82.62.853 1160.0

Second last data point

4 60.0-0.093 96.0-3.340 72.02.274 84.02.914 1680.0

Last data point

0,0,0,0,0

Ends with a few zeros.

Tablell. Exampe general array data format file with topography in a separate section.

RATCMIX_Sep_Topo.DAT file

Comments

Rathcrogan Name of survey line

2.0 Unit electrode spacing

11 Array type (11 for general array)

1 Sib-array type, 1 for Wenner

Type of measuresnt (O=app.,| Header

resistivity,1=resistance)

0 0 to indicate apparent resistivity

399 Number of data points

2 Type of Mocation, 2 for surface distance
0 Flag for I.P. data, O for none (1 if present)

4-36.0 0.0-30.0 0.0-34.0 0.0-32.0 0.0 116.0

First data point, note nomero elevation after -x
location of each electrode.

4-34.0 0.0-28.0 0.0-32.0 0.0-30.0 0.0 118.0

Second data point

Same format for other data points

458.00.094.00.070.00.0 82.00.01160.0

Second last datpoint

4 60.0 0.093 96.0 0.0 72.0 0.0 84.0 0.0 168(

Last data point

Topography in separate list

Extra header required for general array

2 2 to indicate surface distance
67 Number of topography data points
-36,0.044 Horizontal and vertical coordiates of 1st,
-34,0.134 2nd topography data point
This is followed by similar data for
. the remaining topography data points
96:3.34 Last topography data point
1 The topography data point number with the fi

electrode

0,0,0,0,0

Ends with a fer zeros.
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The measurement can be given in terms of resistance or apparent resistivity. If there is no
topography, i.e. the-Ibcations are all equal to zero or the same, the conventional formula can be used to
calculate the apparent resistivity. The getmc factork is given by the following equation

k=P (7.2)
al 1 1 19
Eoc
C'1 b Iz Ix

wherer; is the distance between the C1 and P1 electrades,the distance between the C1 and P2
electrodesys is the distance between the C2 and P1 electrodes; éthe distance between the C2 and
P2 electrodes. In the case when there is no topography, the distance between two electrodes is simply the
difference in the«-locations of the two electrodes.

In the case where topography is present, there is no vadegpted convention. To be consistent
with the format used earlier, two different conventions are used depending on thexypeation given
in the data file. If thex-locations are given as distances along the surface (i.e. not true horizontal
distarces), the distance between two electrodes is calculated by using the difference in the values of the
x-locations only.

If the x-locations are true horizontal distances, the default option is that the true distance between
two electrodes is used in the malation of the geometric factor. For example, if the C1 and P1 electrodes
are located atx{,z) and &,2) respectively, then

rL=yr2+r? (7.3)

where My =Xy - X
z2=21-2

In the case where the ground surface has a cdrsdtge, both conventions will give the same geometric
factor.

To accommodate a situation where tkdocations are true horizontal distances, but the
geometric factor was calculated using only thgositions, a couple of extra lines must be insertetien
data file just after the flag to indicate the type of measurement, as shown in the table below. A flag value
of 0’ is used to indicate only the horizont al
geometric factor.

Example file Commats
Initial part of file is same
as in previous examples
11 Array type (11 for general array)
0 Sib-array type, 1 for Wenner
Type of measurement (O=ap Header
resistivity,1=resistance)
0 0 to indicate apparent resistivity
Type of geometric fetor (O=Horizontal| Extra header for situation where horizont
distance,1=Linear distance) distances are used for the geometric factor
0 0 for horizontal distance, 1 for linear distance
300 Number of data points
1 Type of ¥ocation, 1 for true horizom distances
0 Flag for I.P. data, O for none
Rest of file follows normal format

Note that in the general array data format,zt@cation is the elevation of the electrode which is
positive in the upwards direction. This unfortunately isedént from the format for the borehole data set
where thez-values are positive in the downwards direction.
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Figure 8 shows an interesting arrangement where the electrodes are arranged suchtthat the
horizontal distances between adjacent electrodes are constant. When the slope of the ground surface is
not constant, this result in an arrangement where the distance between adjacent electrodes as measured
along the ground surface is not constant but depentisessiope. In areas where the slope is steeper, the
distance between adjacent electrodes along the ground surface is greater. To accommodate such an
arrangement, the general array format can be used. In this case, the indicator for thextigmatmin
must be 1 since the true horizontal distances are given in the data. Very often, the survey is carried out
with one of the conventional arrays, such as the WeSoblumberger, so the appropriate sutay
number should also be given.

Figure 8. Arrangement of the electrodes along a survey line such that the true horizontal distance
between adjacent electrodes is constant regardless of the slope of the ground surface. Note that the
distance between adjacent electrodes along thengrsurface is greater at the steeper part of the slope.

In some cases, thel2 data set is generated from a series of collinéarsbunding lines. In such
a situation, the distance between adjacent electrodes is not constant, whether as measureel along th
surface or in the true horizontal direction. For such a case, the general array format (withraystype
of 0) can be used.

For data sets with a swsray type of 0, the data cannot be displayed in the form of a
pseudosection, nor can it edited witike "Exterminate bad data points" option. To remove bad data
points from the data set, you need to first carry out an inversion of the entire data set. However, you
should use the "Robust data constrain" (see section 11.2.1) to ensure that bad datim pwintsave a
large effect on the inversion results. Next, go to the "Display" window and read in the file with the
inversion results. Select the "RMS error statistics"-gption under the "Edit data" menu (section
14.4.1). This will display a histogramvhere the data points are grouped according to the difference
between the measured and calculated apparent resistivity values. This allows you to remove the data
points where a large difference occurs, for example more than 100 percent. After removingsitre
data points, save the trimmed data set in a file and carry out the inversion again with the trimmed data
set.

The multiple gradient arraye¢ror! Reference source not found) is becoming popular with
multi-channel systems (Dahlin and Zhou 2006). The data for the gradient array must be given in the
general array format with sub-array number of 15. A listing of the example GRADIENT.DAT file with
comments about the format is given in Table 12.
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Tablel2. Example gradient array data file.

GRADIENT.DATiile Comments
Gradient array Name of survey line
1.0 Unit electrode spacing
11 Array type (11 for general array)
15 Sib-array type, 1 for Wenner
Type of measurement (O=ap Header
resistivity,1=resistance)
0 0 to indicate apparent resistivity
1792 Number of data points
1 Type of Mocation, 2 for surface distance
0 Flag for I.P. data, O for none

4 0.0,0.0 9.0,0.0 1.0,0.0 2.0,0.0 5.058§ First data point

4 1.0,0.010.0,0.0.2,0.0 3.0,0.0 5.0724 | Second data point

Same format for other data points

4 46.0,0.0 118.0,0.0 78.0,0.0 86.0,( Second last data point

4.2571

4 48.0,0.0 120.0,0.0 80.0,0.0 88.0,( Last data point
4.2258

0,0,0,0,0 Ends with a few zem

7.3 Remote electrodes of the polpole and poledipole arrays

In theory, the polgole array has only 2 electrodes, the positive current electrode C1 and the
positive potential electrode P1. In practice, such an array does not exist since allefisldrements are
made using an array with 4 electrodegy(re9).

c2

*p2
Figure 9. A schematic diagram of the arrangement of the electrodes in an actual fieldofmle
measurement.

To minimize the effects of the C2 and P2 electrodes, it is generally recommended that the
distance of these two electrodes from the C1 and P1 electrodes should be at least 10 times (and preferably
20 times) the maximum CGR1 spacingi. In some cases, when largeaspmgs between the C1 and P1
electrodes are used, this requirement is not met for all measurements. This could lead to distortions in the
inversion model (Robian et al. 1997). To overcome this problem, the RES2DINV program allows the
user to incorporate ¢heffects of the C2 and P2 electrodes in the inversion.

To calculate the apparent resistivity value measured with theédeah polepole array, two
possible geometric factors can be used. One method is to use the same equation as the-fadal pole
array This gives an approximate geometric factor since the resulting apparent resistivity value is not the
same as the true resistivity for a homogeneousdpal€e. Alternatively, the exact geometric factor that
takes into account the positions of the C2 BAcklectrodes can be used.
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Approximate Geometric factor (ideal pgpele array) =2.0.r1
Exact Geometric factor 2 p/ [ (1/r1) - (1/r2) - (1fr3) + (1ka) ] (7.4)

The program supports both conventions. A possible arrangement of the electrodeteipaep
survey is shown ifrigure10. In this case, the C2 and P2 electrodes are fixed throughout the survey. The
measurements are made by using different pairs of electrodes along the survey line as the C1 and P1
electrodes. For a survey line wittelectrodes, there arén+1)/2 possible combinations. For example, if
there are 25 electrodes in the survey line, there are 300 possible combinations. In practice, not all the
possible measurements are made. Insteadvamum distance between the C1 and P1 electrodes is set
depending on the maximum depth of investigation needed (Edwards 1977). In many cases, this maximum
distance is 6 to 10 times the unit electrode spacing along the survey line. To avoid the passibility
negative or zero apparent resistivity values, the distance of the C2 and P2 electrodes must be at least 3
times the maximum C1 to P1 spacing used. For example, if the unit electrode spacing is 1 meter, and the
maximum C2P1 spacing is 10 meters, théetC2 and P2 electrodes must be at least 30 meters from the
survey line. Note that as the distance of the C2 and P2 electrodes from the survey line decreases, the
effective maximum depth of investigation of the survey also decreases. It might be sigpifesanthan
the depth of investigation for the ideal pglele array (Edwards 1977).

(22, yc2)
2

Survey Line

P2
(xp2 , yp2)
FigurelO. A schematic diagram of the arrangement of the electrodes along the survey line ipalgole

survey with positions of the C2 a® electrodes specified.

The file POLPOLFX.DAT is an example data file with pplele measurements where the
locations of the C2 and P2 remote electrodes are specified. A description of the format used is given in
Table 13. Although thezlocations of the electrodes are also included in the file data format for
completeness, the values are presently not used by the program. The program at present estimates the
heights at the remote electrodes from the heightfiefetectrodes along the survey line. However, in
future, they might be used to accommodate extreme cases where slope of the ground at the remote
electrodes is very different from that along the survey line.

The data format is the same as that for normé-pole surveys except for the section (after the
array number) which contains information about the location of the second current and potential

el ectrodes. The data |l ine “Exact Geometric facto
values in the data file were calculated used the exact geometric factor. If the approximate geometric
factor was wused, this data |ine should be giver

POLDPLFA.DAT is an example data file for a palgpole survg where the approximate geometric
factor was used in calculating the apparent resistivity values. Note that in this file, only the location of the
second current electrode C2 is given.

For the polepole array, the effect of the C2 electrode is approximatedportional to the ratio
of the C1P1 distance to the GR1 distance. If the effects of the C2 and P2 electrodes are not taken into
account, the distance of these electrodes from the survey line must be at least 20 times the {Bjest C1
spacing usedotensure that the error is less than 5%. In surveys where theletéode spacing along
the survey line is more than a few meters, there might be practical problems in finding suitable locations
for the C2 and P2 electrodes to satisfy this requirenidnts, the error in neglecting the effects of the
remote electrodes is greatest for the gumiée array. As a general guide, if the distances of the C2 and P2
electrodes from the survey line are more than 20 times the largd3t Gpacing used, the arregn be
treated as an ideal pepwle array for interpretation purposes. Otherwise, the coordinates of the C2 and
P2 electrodes should be recorded so that their effects can be determine by this program. However, it
should be noted that as the distance efR2 electrode from the survey line increases, the telluric noise
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picked up by the RP2 pair also increases. This factor should also be taken into account when
positioning the P2 electrode.

For the poledipole array, the effect of the C2 electrode is agjnately proportional to the
squareof ratio of the C1P1 distance to the GR1 distance (Loke 2018). Thus, the pdipole array is
less affected by the C2 remote electrode. If the distance of the C2 electrode is more than 5 times the
largest C4P1 distaice used, the error caused by neglecting the effect of the C2 electrode is less than 5%
(the exact error also depends on the location of the P2 electrode for the particular measurement). So, as a
general guide, if the distance of C2 electrode from theeguiwe is more than 5 times the largestZiL
spacing, it can be treated as an ideal jlghele array. Otherwise, enter the coordinates of the C2
electrode into the data file. For the pdligole array, only the header and coordinates of the C2 electrode
is required in the data file.

Table13. Polepole data file with remote electrodes specified.

POLPOLFX.DAT file Comments

Blocks Model Name of survey line

2.0 Unit electrode spacing

2 Array type (2 for polgole)

Remote elecbdes included Header to indicate position of remote electrodes included in |
file

C2 remote electrode X, Y and | Header for C2 electrode location

location

-50.000,20.000,0.0 X-, ¥- and zlocation of C2 electrode

P2 remote electrode X, Y and| Header for P2 electrode location.

location

120.000,0.000,0.0 X-, - and zlocation of P2 electrode

Exact Geometric factor used Type of geometric factor used

295 Number of data points

1 1 indicates center of array is given

0 0 for no IP

1.00 2.00 10.13 x-location, electrode spacing apparent resistivity for 1st data pc

3.00 2.00 10.18 Second data point
The rest follows standard index based
format.
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7.4 Crossborehole data format
The resolution of electrical surveysridad out with electrodes on the ground surface decreases

exponentially with depth. One method to obtain reasonably good resolution at depth is by making

measurements with the electrodes in boreholes. @mshole surveys are much less frequently carried

out compared to surface based surveys, so unlike surface surveys, there are at present no common

standards with regards to the arrangement of the electrodes. Théarelssle option in this program is

intended for shallow surveys with the arrangemerthefelectrodes placed in a certain general pattern

(Sasaki 1992). The basic arrangement of the electrodes is shownFigtinell. The RES2DINVx64

programs support up to 100 boreholes.

a). b).

Surface electrodes Surface electrodes

Borehole 1 Borehole 2 Borehole 1 Borehole 2

¢ Electrode [ ] Model Block

Figure 11. Arrangement of the electrodes in a crbesehole survey. (a) The default standard model
where the dimensions of the model blocks are equal to the spacing between the electrodes. (b) An
alternative model with finer blocks with dimensions abmlf the spacing between the electrodes.

The electrodes are divided into 2 sets with (i) the surface electrodes, (ii) electrodes in the
boreholes. It is assumed that the boreholes do not have a metal casing which would severely alter the
pattern of the cwent flow. The program divides the subsurface into a number of quadrilateral blocks
(Figure 11). Note that the positions of the surface and borehole electrodes control the manner in which
the subsurface is dividadto the model blocks. The file BOREDIFF.DAT is an example data file with
crossborehole measurements. A description of the format used is given in Table 14. Note that in this
example, the measurements are made with thediptde array where only the CP1 and P2 electrodes
are used. It is assumed the boreholes are vertical. Thus;ldleations of all the electrodes in the same
borehole are the same Table 14. The array number is 12 for crelserehole surveydata with the
measurements given as apparent resistivity values. You can also enter the data as resistance
measurements, in which case the array number is 13. This might be more convenient as most resistivity
meters give the readings as a resistance vialwém, and furthermore the geometric factor for arrays
with subsurface electrodes is different from the geometric factor for conventional surface arrays. The file
BORERES.DAT gives an example where the measurements are given as resistance values. An
interesting field data set where the pplele array was used, and the measurements are also given as
resistance values, is BORELUND.DAT from Lund University, Sweden.

If only two electrodes are used in a measurement, only-thed z-locations of the C1 and1P
electrodes are given in the data file (see the file BOREHIP.DAT which also contains IP measurements).
However, if all four electrodes are used, faendz-locations of the C1, C2, P1 and P2 electrodes must
be given in this order. You can combine measgnts made with different numbers of electrodes in the
same data file.

When the program reads in a file with resistance values, you have a choice of inverting the data
set using apparent resistivity values, or directly use the resistance values. Ustagegewalues directly
in the inversion has the advantage of allowing you to use readings where the apparent resistivity value
does not exist (due to an infinite geometric factor). After reading in a data file, the program will attempt
to filter out suspiious readings with potentially high noise levels if the measurements are given as
apparent resistivity values, or if you had chosen the option to use apparent resistivity values in the
inversion. If you choose to carry out the inversion using resistaloes; the readings are not filtered.

The geometric factor for subsurface electrodes is different from that used for surface electrodes.
As an example, the geometric factor for a measurement where only two electrodes are used is as follows.
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If the C1 andP1 electrodes are located &t %) and &»,z) respectively, the geometric factbiis then
given by

k= 4;3/?5@1 +18 (7.5)
Ch r =

where r, =/dx? +dZ, dx=x, - x,, dz=2z - z,
r, =VDx*+dz*, Dz=2z +2z,

Similar equations for measurements with 3 or 4 electrodes e easily obtained by adding the
appropriate terms.

The depth of the electrodes in Borehole 1 can be different from the corresponding electrodes in
Borehole 2. In practice, to get the best results the depths should not differ too Thisclprogram
requres that the number of electrodes in both boreholes must be the same. In practice, this restriction is
not a significant problem. You can be easily overcome this restriction by inserting dummy electrodes into
the data set if the number of electrodes ia borehole is less (in the section wherexhandz-location
of the electrodes in the borehole are given).

The program also requires that a surface electrode is located at the top of both boreholes. If they
do not physically exist, just insert dummy etedes at the appropriate locations in the data file. Also,
there should be at least a few surface electrodes between the two boreholes, as well as at least two surface
electrodes to the left of borehole 1, and another two to the right of borehole ¢h Hlsatrodes were not
used in the field survey, just insert dummy electrodes into the data file to satisfy the requirements of this
program.

By default, the program will subdivide the subsurface into quadrilateral blocks such that the
dimensions of thelbcks are equal to the spacing between the electréugsré11a). However, you can
also choose to use a model where the dimensions of the blocks are about half the spacing between the
electrodes Kigure 11b). Using the model with a finer discretization could significantly improve the
inversion results in some cases (Sasaki 1992). Please refer to section 11.3.10 to set the type of borehole
model to use. In theory, it is psble to further subdivide the subsurface into even smaller blocks.
However, since the resolution of electrical measurements decreases rapidly with distance from the
measuring electrodes, this is unlikely to significantly improve the results. In faatuld cesult in
unnatural oscillations in the model resistivity values, particularly near the electrodes. This is as a result of
the weltknown tradeoff between model resolution and model variance in geophysical inversion.

Figure12 shows the model obtained after the inversion of the BOREHOLE.DAT data set. This is
a synthetic data set produced by a forward modeling program with a high resistivity block in between the
two boreholes. The option to use finer blockswtilf the size of the spacing between the electrodes was
used in the inversion of this data set. Figure 13 shows the inversion results from an interesting field data
set. This data set is one from a number that were collected by a survey to study tiidlfiamls through
the UK Chalk aquifer in east Yorkshire by using a saline tracer (Slater et al. 1997). There is a low
resistivity zone near the surface where the saline solution was irrigated onto the ground, and also
prominent low resistivity zones beloa depth of 7 meters due to the saline tracer that had flowed
downwards. Another interesting feature of this data set is that no surface electrodes were used. All the
surface electrodes given in the BORELANC.DAT data file are dummy electrodes; two [efttioé
borehole 1 and another two to the right of borehole 2.

If I.P. measurements were also made, you need to enter a value of 1 at the 6th line in the data
file, and two more data lines after that which gives the type of IP measurement used and the two
parameters associated with it (see section 7.5). Next, enter the I.P. value after the apparent resistivity
value for each data point. The file BOREHIP.DAT is an example trosshole data file with IP
measurements.

The file boreholes_inclined.dat gives example of the data format with neartical boreholes
(Table15) . Note the addition of an additional header
section with the positions of the boreholes to ingid¢hat norvertical boreholes are present. For inclined
boreholes, the subdivision of the subsurface into model blocks is no longer tied directly to the positions
of the electrodes. You can also use this format for vertical boreholes are where theondingsp
electrodes at different boreholes are at different depths. This avoids inclined or skewed model blocks
when there are significant differences in the borehole electrodes depths.
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Pole-dipole borehole test

Depth Iteration 5 RHS error = 8.4 %

8.8 4on 8.0 12.8 M.
8.0 8.8
1.8 1.8
2.5 2.5
3.5 3.5
.8 C.8
6.5 6.5
7.5 7.5
9.0 9.8

18.5 108.5
11.5 11.5
HModel resistivity section

[ [ [ e [ [ (OO T (O NN NN
aa.a 141 288 283 haa 21,11

Resistivity in ohm.m

U'|I
=
:
=I
ndl
=
:
HI
AI

Unit electrode spacing 1.8 H.

Figure12. The model obtained after the imgimn of the BOREHOLE.DAT data set. The option to use
finer blocks with half the size of the spacing between the electrodes was used.

Lancaster cross-borehole survey

S5aline tracer
injection

Depth g0 300 600} 925 M.
0.00 0.00
1.25 1.25
2.75 2.75
4.25 4.25
5.75 5.75
7.25 7.25
8.75 8.75

10.25 10.25
11.75 11.75
13.25 13.25
14.75 14.75

Model resistivity section
I I N D ] O ] O T e e .
2 3

6.4 50.0 0.7 100.0 141 200 283
Hesistivity in ohm.m
lteration 4 BMS error= 4.8 % Unit electrode spacing 0.75 M.

Figure13. Model obtained from the inversion of data from a citosehole survey to map thiof of a
saline tracer. Note the low resistivity zones near the surface (where the tracer was injected) and below a
depth of 7 meters. The locations of the borehole electrodes are shown by small black dots.

h.0
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Tablel4. Example boreHe data set.

BOREDIFF.DATiile

Comments

Borehole electrodes at differe

Name of survey line

depths
1.0 Unit electrode spacing
12 Array number 12 for croskorehole survey
840 Number of data points
2 2 to indicate XZ location format is used
0 0 forno I.P.
Surface Electrodes Header for surface electrodes
16 Number of surface electrodes
0.0,0.0 x- and zlocation of first surface electrode
1.0, 0.0 Location of second surface electrode
Note 0.0 z value for surface electrode
Similar formatfor other surface electrodes
15.0, 0.0 Last surface electrode
Number of boreholes Header
2 Two boreholes in this data set
Borehole 1 Electrodes Header for first borehole
10 Number of electrodes in first borehole
4.0,1.0 x- and zlocation of frst electrode
4.0,2.0 x- and zlocation of second electrode
4.0,3.0 Note electrodes are listed from the topmost
below the surface downwards
Similar format for other borehole electrodes
4.0, 10.0 Last electrode in first borehole
Borehole2 Electrodes Header for second borehole
10 Number of electrodes in second borehole
11.0,1.5 x- and zlocation of first electrode
11.02.5 x- and zlocation of second electrode
. Similar format for other borehole electrodes
11.0, 105 Last eleatode in second borehole

Measured data

Header for section with the measurements

3 0000 1000 200
101.5718

The format for each data pointis :

3 0000 2000 300
99.5150

Number of electrodes used in measurement,

3 00 00 3.00.0 4.0 0.0
99.2303

x- and zlocation of C1, C2, P1, P2

3 0000 4000 500
99.1325

electrodes, apparent resistivity value.

Same format for other data points

3 11.0 11.0 11.0 3.5 11.0 2.1
120.8297

Last data point

0,0,0,0

End with a few zeros.
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Tablel5. Example data set with inclined boreholes.

boreholes inclined.dat file

Comment

Example bipolebipole configurations

Title

4.0

Unit electrode spacing

12 Array number for borehole survey
2555 Number of data points

2 2 to indicate XZ location format used
0 0 for o I.P.

Surface Electrodes Header

26 Number of surface electrodes

0.0, 0.0 X, Z location of 1st surface electrode
4.0,0.0 X, z location of 2nd surface electrode
100.0, 00 Last surface electrode

Inclined boreholes present

Extra header to indicate inclined borehles

Number of boreholes

Header

2 Two boreholes present
Borehole 1 Electrodes Header for first borehole
20 Number of electrodes in first borehole
20.0, 4.0 X, Z location of 1st electrode in borehole 1
20.0, 8.0 X, z location of 2nd electrode in borehole 1
Same format for other borehole electrodes
20.0, 80.0 Last electrode in first borehole
Borehole 1 Electrodes Header for second borehole
20 Number of electrodes in borehole
80.0, 4.0 First electrode in second borehole
80.0, 8.0 Second electrode in second borehole
80.0, 12.0
80.0, 16.0
80.0, 20.0
80.0, 24.0
805, 284 Note xlocation is different, notvertical
80.0, 32.0
Other borehole electrodes
80.0, 80.0 Last electrode in second borehole

Measured Data

Header for start of apparent resistivity data

4 4.0,0.0 0.0,0.0 8.0,0.0 12.0, 0.01.8895

First data value

Format is the same as before




The file BOREHOLE_TOPO.DAT is a field example of a crossehole data set with topography. The
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initial part of this data file with a description of the format is giveiable16.

Tablel6. Example borehole data set with topography.

BOREHOLE_TOPO.DATile

Comment

BOREHOLE WITH | Name of survey line

TOPOGRAPHY

1.0 Unit electrode spacing

12 Array number 12 for croskorehole surey
570 Number of data points

2 2 to indicate XZ location format used

0 0 for o I.P.

Topography Present Header to indicate topography is present
Topography information mod| Header

(O=wrt to surface electrodes)

0

Indicates depths of borehole electrodae given with respect t
the surface electrode at the top of the borehole

Type of xdistances Header
2 2 to indicate xdistances are along the surface
SurfaceElectrodes Header
31 Number of surface electrodes
-14.0000 0.00 X, Z location of 1st stace electrode
-13.0000 0.03 X, Z location of 2nd surface electrode
-12.0000 0.05 Note norzero z value

Same format for other electrodes
16.0000 0.95 Last surface electrode
Borehole 1 electrodes Header for first borehole
17 Number oklectrodes in borehole

-14.0000 1.0000 X, z location of 1st electrode in borehole 1

-14.0000 2.0000 X, z location of 2nd electrode in borehole 1

Rest of the file follows the usual format

for a crossborehole data file

Note that the topographipformation is given in the-coordinates of the surface electrodes. The file
BOREHOLE_Global.dat is an example where the true or GPS coordinates (section 7.11) of the
electrodes on the surface are also available.

7.5 I.P. data format
The data collectedrom I.P. (Induced Polarization) surveys consists of two sets, the normal
apparent resistivity measurements and an apparent I|.P. data. The files IPMODEL.DAT,

IPMAGUSI.DAT, IPSHAN.DAT and IPKENN.DAT are example data files with both resistivity and 1.P.
data. This program supports four different types of I.P. data; (i) time domain chargeability measurements,
(ii) frequency domain percent frequency effect measurements, (iii) phase angle measurements and (iv)
metal factor I.P. values.

The file IPMODEL.DAT haghe I.P. data as chargeability values using the index based format
for the positions of the electrodes. The first part of the file with comments is listeabial7. A value
of “1T i nst e atthedixthfin@ to indicate thag IrPt data is tesantn This is followed by
3 data lines that give information about the nature of the I.P. data. The seventh line with the word
'Chargeability' shows that the |.P. data is given in terms of chargeabilitgnyMI.P. instruments
measured the chargeability be integrating the area under the I.P. decay curve. In this case, the unit is in
msec (millisecond). The chargeability value obtained by this method is normally calibrated to the
Newmont Mazsy) standard (Sumser 1976) so that the chargeability value in msec has the same numerical
value as the chargeability given in mV/V. The chargeability in mV/V is defined as the ratio of the
secondary voltage immediately after the current is cut off to the primary DC voltage.
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Tablel17. Example data file with I.P. values as chargeability.

IPMODEL.DATfile Comments
Fault and block model Name of survey line
1.0 Unit electrode spacing
3 Array type (3 for dipolalipole)
432 Number of data points
1 1 indicates center of array is given
1 1 to indicate IP present
Chargeability Type of I.P. data
msec. I.P. unit
0.1,1.0 Delay, integration time
1.50 1.00 1 12.04 7.2038 1st data point : x-loc., a, n, app. res., app. IP
2.50 1.00 1 12.03 7.188 2nd data point
Same format for other data points

I.P. surveys have traditionally been used in the mineral exploration industry, particularly for
metal sulfides, where generators producing high currents of the order of 10 Amperes arghased.
apparent |.P. values from such surveys are usually less than 100 msec. (or mV/V). One recent
development is the addition of IP capability to battery based systems used in engineering and
environmental surveys where currents of 1 Ampere or less amalprused. An accompanying
phenomenon is the observation of I.P. values of over 1000 msec. (or less@®@@msec.) in some data
sets. Such values are almost certainly caused by noise due to a very weak |.P. signal. To check whether
such high I.P. valueare real, first check the apparent resistivity pseudosection. If it shows unusually
high and low values that vary in an erratic manner, the data is noisy. If the apparent resistivity values are
noisy, then the apparent I.P. values are almost certainigliaimle. Next check the apparent I.P.
pseudosection. If the apparent I.P. values show an erratic pattern (frequently with anomalous values lined
up diagonally with an apex at a doubtful electrode), then the I.P. values are too noisy to be interpretable.

I.P. values that are given in other units are converted into chargeability values internally by the
program during the inversion process. The relevant conversion equations may be found in the papers by
Van Voorhis et al. (1973) and Nelson and Van Voorh&/@8). For frequency domain measurements, the
I.P. value is usually given in Percent Frequency Effect (PFE). This is given as

PFE = 100](0(: - rAc) /T ac (76)

whererpc andr ac are the apparent resistivity values measured at low and high ficdgseThe file
IPSHAN.DAT is an example of a frequency domain I.P. data set. In the seventh line, the type of I.P. data
is given as “Percent Frequency Effect?”. The 9th
frequencies used in the measuremelttis data set is from a field survey in Burma where the
measurements were made with 20 and 40 meter dipoles (Edwards 1977). Like many field data sets, it has
a very complex distribution of the data points in the pseudosection. The survey target is de@bsita
in metasediments. The geology is rather complex with massive galena deposits together with quartz
veins, silicified marbles and clay zones. There is a very wide range of resistivity values.

I.P. values are also given as phase angles. In thistisasenit normally used is milliadians
(mrad). An example of an I.P. data set with phase angles is given in the file IPKENN.DAT with values
from the paper by Hallof (1990). In the seventh
The seond parameter in the ninth data line contains the values of the frequency at which the phase
angles were measured. The first parameter is not used and is normally set to 0. Many modern |.P. survey
instruments can measure the phase angle for severalffigigsieln this case, the inversion of is repeated
for the phase angle data at each frequency. This will give an idea of the change of the subsurface I.P.
phase angle with frequency for complex resistivity studies.

I.P. data is sometimes given as a metaldia(MF) value. The MF value can be calculated from
either time domain or frequency domain measurements. In the time domain, the metal factor is value is
given by
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MF = 1000 M /rpc (7.7)

where the chargeability M is given in terms of millisedofWitherly and Vyselaar 1990). In the
frequency domain, it is given as

MF = 100000 Kpc - r ac) / T ac 2 (7.8)

The file IPMAGUSI.DAT is from a survey over the Magusi River ore body (Edwards 1977) where the
survey was conducted with 30.5 meter (1€€X), 61.0 meter (200 feet) and 91.4 meter (300 feet) dipoles.
Again, the resulting pseudosection has a very complex distribution of the data points. The measured
apparent resistivity and I.P. pseudosections, together with the model sections obtaigkedwearedn

Figure14. The ore body shows up as a distinct low resistivity body with high IP values near the middle

of the survey line in the model sections. In the inversion of this data set, the robust invetsionngl.

method was used (see section 11.2.1) to sharpen the boundary between the ore body and the surrounding
rocks. This program uses the complex resistivity method (Kesinah 2000) for the inversion of I.P.

data.

The inversion program tries to minineizhe difference between the observed and calculated
equivalent apparent chargeability values. IP values in percent frequency effect and phase angles are
directly proportional to the equivalent chargeability values. However, the metal factor value algesnv
a resistivity value. The model that gives a minimum RMS error for the chargeability values sometimes
does not give a minimum RMS error for the metal factor values. However, the actual effect on the
inversion model is usually very small.

The file IPGENERALB.DAT is an example I.P. data file using the general array data format. The
I.P. data parameters are also given just before the main data section with the apparent resistivity and I.P.
values.

a). Measured apparent resistivity pseudosection

Ps-2 -457.2 -335.3 213 4 152 4 274.3 396.2 mn.
I L

12.7
29.3

e

58.6 ﬁ’
88.0

11.6

Heasured Apparent Resistivity Pseudosection

b). Model resistivity section
Depth Iteration 6 Abs. error = 14.3 %
-457.2 -335.3 *213 L *91 4 152 L 274.3 396.2 m.
L |

6.34

\

87.6
Inverse Hodel Resistivity Section

1689.1

132.6
1877

Reslstlulty 1n ohm. m Unit electrode spacing is 38.5 m.

c). Measured apparent IP pseudosection

Ps-2 -457.2 -335.3 -213.4 -91.4 38.5 152.4 274.3 396.2 n.
L L L I | L I

12.7
29.3

58.6

88.8
111.6

Heasured Metal Factor

d). Model IP section
Depth Iteration 6 Abs. error = 8.2
-457.2 -335.3 -213.4 -01.4 38.% 152.4 274.3 396.2 n.
! I . L L .

6.34
4.3
68.1
87.6
169.1
132.6

Inverse HModel Metal Factor Section

[ N D (N [ (N (T N [ () (O [ N N N
8.80 30.9 108 218 360 558 780 1058
Metal Factor in 8.881 ms/ohm.m Unit electrode spacing is 30.5 m.

Figurel4. Magusi River ore @dy resistivity and |.P sections. (a) Apparent resistivity pseudosection, (b)
resistivity model section, (c) apparent metal factor pseudosection and (d) metal factor model section.
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7.6 Time-lapse data files

In studying the changes of the subsurface tig#is with time, two-dimensional resistivity
imaging surveys are often repeated over the same line at different times. Such studies include the flow of
water through the vadose zone, changes in the water table due to water extraction (Barker and Moore
19®8), flow of chemical pollutants and leakage from dams.

The file TIMELAPS.DAT is an example data file with three sets of apparent resistivity data. The
upper part of the file together with comments about the data format is listed in Table 18. The data form
is largely similar to the normal data set with only one set of readings. For-tafiseedata file, the main
difference is the extra section just before the data block with the apparent resistivity values. Here the
header "Time sequence data" is utethdicate the presence of the extra data sets corresponding to the
later time measurements. The following part of this extra section contains information on the number of
time series measurements (3 in this example). The maximum number of time serigstslailowed is
21 (30 for RES2DINVx64 with 16GB RAM). For each data point, the format for the initial part is
identical to that used for the normal data sets. The only addition is that after the apparent resistivity value
for the first data set, the agesponding apparent resistivity values for the later time data sets are given.

Table18. Example timdapse data set with 3 time series.

TIMELAPS.DAT file Comment
Example timelapse data Title
1.0 Unit electrode spacing
7 Array type, WenneBchlumberger in this example
350 Number of data points
1 Mid-point of xlocation of array is given
0 No I.P. data
Time sequence data Header to indicate timtapse data
Number of time sections Header
3 Number of time series
Time unit Header
Hours Unit used in time measurement
Second time section interval | Header
1.0 Time difference for second time data set

Third time section interva Header

2.0 Time difference for third time data set

1.50 1.00 1.0 11.868 11.8¢ The formatdr each datum point is as follows :
11.868

250 1.00 1.0 11.867 11.8¢ x-location, "a" electrode spacing, "n" factor,
11.867

3.50 1.00 1.0 11.863 11.8¢ apparent resistivity for first data set, apparent
11.863

450 1.00 1.0 11.859 11.8€ resistivityfor second data set,

11.860

5.50 1.00 1.0 11.855 11.8% apparent resistivity for third data set.

11.856

6.50 1.00 1.0 11.851 11.8f

11.851

Same format for other data points

If a measurement was missing from a time series, enter 0.0 as the valuamdhent resistivity
for that particular time series. The program will assume that a zero value is an indication of a missing
data point.
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7.7 Incorporating data noise estimates

Some types of resistivity surveying instruments record an estimate cfritem noise for each
measurement. This is usually made by repeating the same measurement several times. The data error
estimate is then calculated from the standard deviation in the readings. This actually gives a measure of
the repeatability in the reams, i.e. the random noise. Note that this data error estimate does not include
sources of systematic errors such as coupling between the cables. A better method to estimate the data
error is by using reciprocal measurements.

To include the data error temate in a data file, the error values are entered after the apparent
resistivity value. The file MODEL35_N.DAT is an example of a data file from a surface survey with the
error values. Part of the file is shownTable19 with an explanation of the changes needed. Note there
are two new additions in the data format. Firstly, just before the section of the file with the measured
apparent resistivity data points,attehefroer adraet a3 perxe
header to indicate that the data file contains the data error estimates. The second new line is a header to
explain the use of the next line. The third line contains a flag to indicate to the program the units used in
theerroret i mat e. At present, use a value of 0’ to i
data value. For example, if the measurements are given as ohm.m, then the error values must also be in
ohm.m. Measurements in most instruments are giveresistance values (i.e. ohm), or voltage plus
current values which can be converted to resistance values. To calculate the apparent resistivity value, the
resistance value is multiplied by a geometric factor. The error value recorded by the instrument is
probably in the form of a resistance (ohm) value. Thus, the error estimate recorded by the instrument
must also be multiplied by the same geometric factor before it is entered into the DAT file format used
by this program. The file modelip_5% noise.dat gias example of an I.P. data set with noise
estimates. The use of the flag for the unit used by the error value makes it possible for future versions of
the program to allow the use of other units for the error value, for example the data in ohm.m while the
error in ohm. Another possibility is the error given as a percentage value.

Table19. Example data file with noise estimates

MODEL35 N.DAT file Comments
Block Model Title
1.00 Unit electrode spacing
7 Array type, 7 for Wenneschlumberger
230 Number of data points
1 Mid-point of xlocation of array is given
0 No I.P. data

Error estimate for data present | Header to indicate error values present

Type of error estimate (O=san Header for type of error
unit as data)

0 0 to indicate it is same unit as data vaue

1.500 1.000 1.000 10.014 xl oc . , 6ad value, 6ndé val ue|
0.1434

2.500 1.000 1.000 9.97( resistivity, data point error value
0.1882

3.500 1.000 1.000 10.33%
0.1761

Other data paits follow same format

To invert data with noise estimates, the lesgiares equation in (4.1) is modified to the
following equation

(OTWIW, 3 +nF)d=3TW]W,g - nFq, (7.9)
where w, is a diagonal weighting matrix that incorporateséffect of the data errors. Data points with a

smaller error are given a greater weight in the inversion prokceas. ideal situation, the noise estimate
should be measured (for example by reciprocal measurements). However, in most field surveys such
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noise estimates are not measured due to time constraints. In such a situation, the best option is probably
to use the ‘Robust data constraint’ option (sect
inversion model is minimized. With this tipn, a linear weight is given to the difference between the
measured and calculated apparent resistivity values. This makes the inversion result less sensitive to
outliers compared to the normal leaguares constraint where the square of the differbateeen the
measured and calculated apparent resistivity values is used.

7.8 Fixing resistivities

In some cases, the true resistivity of a section of the subsurface might be known, for example
from borehole resistivity measurements. This program allows tg fix the resistivity of up to 1000
sections of the subsurface. The shape of the section to be fixed must be rectangular or triangular. The
data to fix the model resistivity values are entered into the input data file after section with the
topographyinformation.

As an example, part of the example data file MODELFIX.DAT is liskatle20. The first item
after the topography data section is the number of regions where the resistivity is to be specified. In the
example above, 2 regions are specified. If a value of 0 is given (default value), then there are no regions
where the resistivity is specified by the user. Next, the shape of the region is given, R for rectangular or T
for triangular. If a rectangular rieg is specified, then the X and Z coordinates of thelaftpand
bottomright corners of the rectangle are given, as showigarel15.

Table20. Example data file with fixed regions.

MODELFIX.DAT file Comments
25.0 10.0 12.81 Last data point
0 Topography flag, 0 for no topography
2 Number if regions to fix, put O if none
R Type of first region, R for rectangular
24,0.7 X and Z coordinates of teleft corner of rectangle
28,2.3 Coordinates of bottornght corner of rectangle
2.0 Resistivity value of rectangular region
2.0 Damping factor weight
T Type of second region, T for triangular
30,0.0 X and Z coordinates of first corner of triangle
30,3.0 X and Z coordinates of secondrner of triangle
45,3.0 Coordinates of third corner of triangle
10.0 Resistivity value of triangular region
2.5 Damping factor weight
0,0,0 Ends with a few zeros for other options

If a triangular region is chosen, the X and Z coordinates of thetRes of the triangle must be
given in an antclockwise order. After the coordinates of the region to be fixed are given, the next data
item is the resistivity of the region. After that, the damping factor weight for the resistivity of the region
is neeled. This parameter allows you control the degree in which the inversion subroutine can change the
resistivity of the region. There is usually some degree of uncertainty in resistivity of the region. Borehole
measurements can only give the resistivity @Egy limited zone near the borehole. Thus, it is advisable
that the program should be allowed (within limits) to change the resistivity of the region. If a damping
factor weight of 1.0 is used, the resistivity of the region is allowed to change to theextent as other
regions of the subsurface model. The larger the damping factor weight is used, the smaller is the change
that is allowed in the resistivity of the "fixed" region. Normally, a value of about 1.5 to 2.5 is used. If a
relatively large valués used, for example 10.0, the change in the resistivity of the region would be very
small during the inversion process. Such a large value should only be used if the resistivity and shape of
the region is accurately known.
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Figurel5. Fixing the resistivity of rectangular and triangular regions of the inversion model.

7.9  Aquatic surveys

(@) Single water layer

The possible situations for aquatic surveys are
the surffacof t he river or sea bottom and are wunder wat
region and the ground rises above the water surface at some places, such as a survey across a river. In
‘Case 4° the water r egi odamwakor leveanand atidough the etectrbdasr r i e
on the right side are below the water surface level, it is known that they are not covered by the water

|l ayer. ‘Case 3 is for a survey with the electrc
pulled by a boat. ‘Case 5’ is variation of t his
suspended between the surface and the bottom. This places the electrodes closer-tmothansuhich

is being surveyed but is not dragged alongthelmoim (as i n ‘' Case 1) where it

Case 1 : All electrodes underwater on bottom Case 2 : Some electrodes underwater and on land

-

Case 3 Electrudes ﬂuatmg un water surface Case 4 : Electrodes on surface with limited water cover

B

Case 5 : Electrodes suspended in water layer
Figurel6. Five possible situations for aquatic surveys.

The information with the aquatic survey parameters are entered in the data file after the main
section with the gparent resistivity data, topography and fixed regions.
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7.9.1 Underwater surveys

The data format for surveys with electrodes planted on the water bottom for both cases 1 and 2
are the same. An example data file is HAT_HEAD.DAT that uses the index tmaseat is listed in
Table 21. Note that a flag is included to indicate that the normal geometric factor (as used for a surface
survey) is used to calculate the apparent resistivity values. If a value of O is used for this flag, the exact
geometric factorwhich includes the thickness of the water layer) must be used to calculate the apparent
resistivity values. In the HAT_HEAD.DAT file, some of the electrodes are above the Wwagerg(17).
In most surveys, all thelectrodes are underwater as in the following LAKELELIA.DAT examphib(e
22). The program will automatically calculate the thickness of the water layer from the elevation of the
sea or river bottom and the eléea of the water surface. This format allows for the second situation
shown in Figure 17 where some of the electrodes are above the water surface (i.e. on normal dry land)
and some of the electrodes underwater. A common situation where this occursvisyalsat crosses a
river. In this case, the program will assume that an electrode with an elevation that is less than the
elevation of the water surface is underwater. For the case when some of the electrodes are above the
water surface, the surface gedrefactor must be used for calculating the apparent resistivity values for
all the data points. The topographic modelling is automatically carried out by the program when you
invert the data set. The program will automatically adjust the surface oiiteeelement grid used to
model the subsurface so that it matches the surface of the sediment below the water layer. Figure 18
shows the apparent resistivity pseudosection and inversion model for the LAKELELIA.DAT data set
where all the electrodes are @ndhater. Mobile surveying systems typically produce survey lines that are
very long compared to the depth of investigation of the cable array system used.

Table21. Example data file for aquatic survey with bottom electrodes.

HAT HEAD.DAT file Comments
LR5 Marine Title
2.5 Unit electrode spacing
1 Array type, Wenner in this example
392 Number of data points
0 First electrode xXocation of array is given
0 No I.P. data

0.0 2.5 20.445599

First data point

7.5 2.5 16579387

Second data point

Same format for other data points

2.5 40 25.202095

Last data point

2

Topography flag, surface distance used

50 Number of topography points

0.0 2.36 x-location and elevation of 1st topography point

25 241 x-location and elevation of 2nd topography point

. Same format for other topography points

775 0.55

80.0 0.00 A few points below water surface

82.5 0.05

1225 251 Last topography point

1 Indicates first electrode iat first topography data point
0 Flag for fixed regions, 0 for no fixed regions in this case
1 Flag to indicate aquatic survey with bottom electrodes
0.18 Resistivity of water layer

0,122.5 Left and right limits of water layer

15 Elevation of watesurface

1 1 to indicate normal surface geometric factor used
0,0,0,0 Ends with a few zeros for other options
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(a) Apparent resistivity pseudosection Hat Head tidal creek survey

(b) Inversion model section
Elevation Iteration & Abs. error = 4.9

5.070.0 gp.g Wetands o4 6.8 Creek 108 128 -

-10.8-

-15. 8

-20.0

-2s.0' [N NN I (O (T (7 [ [ O O (5 [ O O N B L
1 3 a

-2 1. 31.6 108 316 1088 3162
Resistivity in ohm.m

Unit Electrode Spacing = 2.5 m.

Uertical exaggeration in model section display = 1.8  Water surface elevation is 1.58 meters.
Water resistivity is 98.18 ohm.m

Figurel7. Hat Head land and underwater survey. (a) Apparent resistivity pseudosection (Wenner array)
from the Ha Head tidal creek survey and (b) the inversion model. Note the creek between the 65 and 95
meters marks where the electrodes are underwater.

LAKE LELIA UNDERWATER SURUEY
26.1 93.6 142 193 2m 293 356 13 w67 517 568 619 668 719 ¥7a 828 871 922 995 1858 n.
L L L L L L L L L L L L L L L L L L

R e |

Heasured Apparent Resistivity Pseudosection

Iteration 6 Abs. error = 1.8 %

554 682

I NN D DN (N T (N [ (NN [ (R (O NN N N
8 3 -8 6.6 808.8 113 168 226
Resistivity in ohm.m Unit Electrode Spacing = 1.5 m.

Figure18. Lake Lelia underwater survey apparent resistivity pseudosection and residgVity section.
Courtesy of Technos Inc., USA.
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Table22. Underwater survey data file in general array format.

LAKELELIA.DAT file

Comments

LAKE LELIA UNDERWATER SURVEY

Title

1.50 Unit electrode spacing
11 General array tpe
1 Wenner sutarray

Type of measurement (O=app. resistivity.1=resistance)

Header

0

0 to indicate apparent resistivity given

291 Number of data points
2 Indicates surfaces-gdistances
0 No I.P. data

4 82.37,0.0 91.37,0.0 85.37,0.0 88.37,0.0 43.137

First 4 data points in general

4 89.55,0.0 98.55,0.0 92.55,0.0 95.55,0.0 36.599

array data format. Note

4 96.74,0.0 105.74,0.0 99.74,0.0 102.74,0.0 36.458

value of 0.0 for electrode

4 103.92,0.0 112.92,0.0 106.92,0.0 109.92,0.0 37.019

elevation as its listed later.

Similar format for other data

points

4 1050.25,0.0 1077.25,0.0 1059.25,0.0 1068.25,0.0 93.|

Last 2 data points

4 1056.35,0.0 1083.35,0.0 1065.35,0.0 1074.35,0.0 95.]

Topography in separate list

Header to indicate elevations given
separately

2 2 to indicate surface-glistances
38 Number of topography data points
26.12 999.09 Topography x and z values

1127.7®99.09

1 First electrode coincides with firs
topography data point

0 Put O here in place of usuépography
data

0 0 for no fixed regions

1 1 indicates underwater survey

58.00 Resistivity of water layer

-2000.00,2000.00 Left and right limits of water layer

1000.0 Elevation of water surface

1 Indicates surface geometric factor us

for apparentresistivities

0,0,0,0

End with a few zeros
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A possible situation where the wat eFigule¥yer ha
In this example the water is limited to the left side and is blobleal barrier. Although some electrodes
on the right side are below the water surface level, they are not covered by the water layer. Any electrode

which is located outside the left and right limits of the water layer specified in the data file is agsumed

be not covered by the water. An example data file is the DAM_SURVEY.DATTiablé23).

Table23. Survey across a dam with only electrodes on the dam side underwater.

DAM_SURVEY.DATI& Comments
Survey across a dam Title
5.0 Unit electrode spacing
7 WennerSchlumberger array type
3025 Number of data points
0 Indicates first electrode position given
0 No I.P. data
0.0000, 5.0000, 1.00000, 13.2933 | First 4 data pointsn general
5.0000, 5.0000, 1.00000, 11.5155 | array data format. Note
10.0000, 5.0000, 1.00000, 10.4964| value of 0.0 for electrode
15.0000, 5.0000, 1.00000, 9.8681 | elevation as it is listed later.
. Similar format for other data points
540.0000, 5.0000, 1.00000, 24.898:
10.0000, 5.0000, 54.00000, 18.2645 Last 2 data points
0.0000, 5.0000, 55.00000, 18.1088
2 2 to indicate surface-gistances
112 Number of topogphy data points
0.0000, 30.0000 Topography x and z values
555.0000, 0.0000 Last topography point
1 1st electrode coincides with 1st topography data p:
0 0 for no fixed regions
1 1 indicates underwater survey
20.00 Resistivity dwater layer
0.0,130.0 Left and right limits of water layer, note right limit «
130.0 is less than length of line
71.5000 Elevation of water surface
1 Indicates surface geometric factor used for appat
resistivities
0,0,0,0 End with a few zeros

Note in the above table, the right limit of the water layer (130.0 m) is much less than the right
end of the line at 555.0 m. When the program reads in such a file where the limits of the water layer is
less than the line coverage, it will automaticallyedett such a sitwuation and di
l'imited extent’ message and set the proper inver ¢
Another possible situation is shown in Figure 16 (case 5) where the electrodes are on a streamer
suspended between the water surface andbditiom. The data format for this case is described in

Appendix D.
(b) Stratified water layer

In areas near the coast, the water layer resistivity might have a significant variation with depth. A
common situation that arises is a freshwater (highertngsi¥ layer overlying a denser more saline
(lower resistivity) near the bottom. In some surveys the depth to the water bottom might change
significantly along the survey line that makes it important to include the variation of the water resistivity
with depth in the model. The example file wagelayersdiff-a6-n6.dat Table24) shows the data format
used when there is more than one water layer. Note the slight change in the data format in the bottom
section of he file to accommodate more than one water layer. It is assumed that the boundary between
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the layers is always horizontal. The program allows up to a maximum of 12 water layers that should be
sufficient to model almost any water resistivity variation witpth. A field example where it was
necessary to use more than 5 water layers to accurately model the water resistivity variation with depth in

a survey across a river is described in Daétial. (2014).

Table24. Underwater swey data file with two water layers.

water2-layersdiff-a6-n6.datfile

Comments

Model with two water layers

Title

1.00

Unit electrode spacing

3 Dipole-dipole array type
1143 Number of data points
1 Indicates array miepoint given
0 No I.P. data
1,500 1.000 1.000 32.09} First 2 data points
3.500 1.000 1.000 32.27]
Similar format for other data
. Points
25.000 6.000 6.000 87.85 Last 2 data points
26.000 6.000 @00 87.6574
2 Topography flag 2 to indicate surfacealistances
3 Number of topography data points
0.000, -4.000 Topography x and z values
25.500, -4.001
50.000, -4.000
1 First electrode coincides with first topography datzin
0 0 for no fixed regions
Number of water layers Header to indicate more than 1 water layer
2 Shows 2 layers

Layer 1 parameters

Header for first water layer

80.0005100.000, 200.000,0.000

Resistivity, left and right limits of water layer, elevat at
top of water layer

Layer 2 parameters

Header for second water layer

50.0005100.000, 200.00051.620

Resistivity, left and right limits of water layer, elevation
top of 29 water layer

1 Indicates surface geometric factor used for appal
resistivities
0,0,0,0 End with a few zeros

7.9.2 Surveys with floating electrodes

Another possible arrangement for an aquatic survey is a boat dragging a cable with the electrodes
floating on the water surface. The main disadvantage of this arrangisntigaita large part of the current
flows within the water layer, compared to the portion of the current that flows into the material below the
water bottom. The main advantage is that the survey is easier and faster to carry out and avoids problems
suchas the cable being snagged by obstacles on the river bottom. It could be an efficient method in
shallow areas where the screening effect due to the water layer is not too large.

One possible way of interpreting such a data set is to treat it as a stamdace data set where
the water layer is included as part of the model. This probably gives acceptable results where there is a
strong contrast between the water layer and the topmost layer of thetsoim materials, and where the
data has a low noigevel.

However, if the depth of the water bottom was measured during the course of the survey (usually
with an echo sounder), and the water resistivity was also measured, the effect of the water layer could be
calculated and included in the model. The #WATER_FLOAT.DAT is a synthetic data set which gives
an example of the data format. The initial part of the file is identical with that used for normal surface
surveys or surveys with electrodes on the water bottom. The difference is in the final skttierile
where the water layer parameters are given in Table 25. While this example gives the data in the general
array format (section 7.2), the program can also accept data in the index based format (section 7.1). Most
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systems for surveys with floagnelectrodes take measurements at a finer spacing compared to the
spacing between the electrodes takeouts on the cable. Please refer to section 8.2 for methods to handle
such data from mobile survey systems.

As a final note, it has been observed thatame data sets there is mismatch between the
coordinates of the electrodes for the measurements and the bottom topography as measured using a
profiler and a GPS system. This shows up when using the option to incorporate the water layer in the
inversion modeby a horizontal shift (usually of 5 to 10 meters) between the bottom topography and
steep structures in the inversion model such as small gullies and peaks. This is probably due to
differences in the locations of the depth sounder system and the ctibtaengélectrodes.

In a 2D data file, it is assumed that the survey line is straight. This might be difficult in some
areas with strong water currents. If there are significant deviations in the direction of the line, it might be

better to use the Res3#i64 program to treat the survey as-B 8lata set.

Table25. Survey data file with floating electrodes.

WATER_FLOAT.DAT file

Comments

Survey on water layer and floating electrode

Title

2.0

Unit electrode spacing

11 General aray type

0 Non-specific sulkarray

Type of measurement (O=ap Header

resistivity.1=resistance)

0 0 to indicate apparent resistivity given
942 Number of data points

1 Indicates true horizontal-gistances
0 No I.P. data

4 2.0,0.0 0.0,0.0 4.0,06.0,0.0 1.86738 | First 3 data points in general

4 4.0,0.0 2.0,0.0 6.0,0.0 8.0,0.0 1.8684{ array data format. Note water

4 6.0,0.0 4.0,0.0 8.0,0.0 10.0,0.0 1.8707( surface at 0.0 meter elevation

Similar format for other data

points

4 46.0,0.0 34.0,0.0 94.0,0.0 106.0,
14.91776

Last 2 data points

4 48.0,0.0 36.0,0.0 96.0,0.0
15.51526

108.0,

0 No topography information
0 No fixed regions
3 3 indicates floating electrodes survey
Water resistivity Header
1.5 Waer resistivity value
Water elevation Header
0.0 Elevation of water surface
18 Number of water bottom depth points
0 -15 x-location and elevation of water
10 -1.5 bottom below water surface given
20 -1.5 for each point
26 -1.5
28 -2.0
30 -2.5
Similar format for other points
108-1.5 last depth point
1 Indicates first electrode is at first depth point

0,0,0,0

End with a few zeros




7.10 Incorporating boundaries of known layers

In some cases, the depth profile of a ltang between two layers with very different resistivity
values is known from other sources; such as borehole data, seismic refraction or GPR surveys. Very
frequently, there is a rapid and sharp change across the boundary, such as between a clay ged sand la
If the depth to the boundary is known, this information can be incorporated into the inversion so that the
resistivities of the layers can be more accurately determined.

The file CLIFLAYER4.DAT is an example data file where the boundary betweenvelgrad
underlying clay layer is known from a seismic refraction survey (Stodll. 2000). Part of the file is
shown inTable26 with an explanation of the changes needed. In this example there are two boundaries
The program allows up to 30 boundaries that should be sufficient for almost all practical cases. The file
MODEL_BOUNDARY_GENERAL.DAT gives an example of a data file with the general array format
with only one boundary. Figure 19 shows the inversion ef GLIFLAYER4.DAT data set using
different inversion options. The first model using the smooth inversion method (section 11.2) shows a
gradational transition between the sand and underlying lower resistivity clay layer (Figure 19b). The
depth to the boundgiis not well determined. The use of the blocky or robust inversion method (section
11.2) gives a much sharper boundary (Figure 19c). The addition of the boundary from the seismic
refraction survey helps to further sharpen the boundary (Figure 19d).

The geatest limitation of this option at present is that the depths to the layers are fixed
throughout the inversion. An option to allow the depths to be automatically changed might be added in a
future update.

Clifton survey

a). Measured apprent resistivity pseudosection
Ps.2

1.82 ]
4.18]
7171
19.2 ]
13.3]
16.4% ]

b). Smooth inversion model
Depth Iteration 5 RMS error = 3.4 %
.8
0.750 |

3.103
L.731

9.12]
12.8 ]

15.4 ]

c). Robust {blocky) inversion model

Depth Iteration 5 Abs. error = 1.58 %
8.8 16.8 32.8 u8 .8 6h.8 86.8 m.
8.258 L L L

5.73

9.12 !
12.8
15.4

d). Robust inversion medel with sharp boundaries

Depth Iteration 5 Abs. error = B.73
4.8 6.8 32.8 - - - m.
B.250 i b i bl e e L

3.197
5.73]

9.12]
12.8 ]

15.4 ]

I NN DN NN (NN [ (R (T DN () (OO [ (DN N DN
18.8 14 .1 28.8 28.3 ha. 8 L6.6 868.08 113
Resistivity in ohnm.m
Figure 19. Models forthe Clifton survey from the different inversion methods are shown together. Note
the boundary between the high resistivity sand layer and the underlying low resistivity clay layer is much
better resolved in the blocky and sharp boundary inversion methods.
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Table26. Example survey data file with known boundaries.

CLIFLAYERA4.DAT file Comments
Clifton Title
2 Unit electrode spacing
1 Indicates Wenner array
392 Number of data points
1 Type of xlocation (center)
0 No I.P.
3 2 58.63305 | First data point in index based format
5 2 56.77204 | Second data point
. Other data points
50 32 17.94035| Last data point
0 No topography
0 No fixed regions
0 No aquaic survey

Sharp layers present

Header to indicate sharp boundaries present

Number of boundaries

Header

2

Number of boundaries, two in this case

Boundary 1 parameters

Header for first boundary

Boundary type Header for type of boundary

Layer Layer type

Group weight Header for weight, for future use
1.0 Enter 1.0 here, not used at present

Number of points on boundar

Header

16

16 points for this boundary

x and z coordinates of pts

Header

0.02.3

x-location and depth of 1st point

18.0 2.3 x-location and depth of 2nd point
x-location and depth of other points

92.03.2 x-location and depth of last point

Boundary 2 parameters Header for second boundary

Boundary type Header for type of boundary

Layer Layer type

Group weight Header forweight, for future use

1.0 Enter 1.0 here, not used at present

Number of points on boundar

Header

3

3 points for this boundary

X and z coordinates of points

Header

0.06.7

x-location and depth of 1st point

456.7

x-location and depth of 2nd point

926.7

x-location and depth of 3rd point

0,0,0,0

End with a few zeros




41

7.10.1 Specifying and fixing resistivity of regions above and below a sharp boundary

In some special cases, the resistivity of the regions above and below the sharp boundary kmigtvnb

or can be estimated. To estimate the resistivity, an inversion of the data set can be first carried out
without the specifying the resistivity of the regions. A common situation is an insulating liner below a
landfill. The material within the landif can have relatively low resistivity values (such as about 100
ohm.m), and the main purpose of the survey is to map the resistivity variations in the landfill materials.
The landfill liner might be essentially an insulating boundary where the curmembtgaenetrate through

it, so the resistivity of the region below the liner can be considered more than several thousand ohm.m.
This information can be incorporated into the inversion by specifying the depth profile of the liner and
the resistivity of theegion below it. The bottom part of an example data file is listed in Table 27. The
“Group Weight’ value sets the damping factor f ol
allowed to vary freely during the data inversion. A much higher valueh as 20.0, greatly reduces the
variations allowed and essentially fixes the resistivity value. This ensures the resistivity of the selected
region is kept fixed during the inversion, and in this example the program only changes the resistivity of
the ragion above the boundary to fit the measured data.

Table27. Example data file with sharp boundary and specified resistivity of regions above and below
boundary.

SharpBoundaryResistivity.dat file Comments

21.00 6.00 5.00 3240636 Last

22.00 6.00 5.00 317.22330 three

23.00 6.00 5.00 330.36230 data points

0 Topography flag, 0=no topography

0 No fixed regions

0 No aquatic survey

Sharp layers present Header to indicate sharp boundaries present

Number of boundagis Header

1 1 boundary in this example

Boundary 1 parameters Third coordinate point

Boundary type Zeros to indicate other options,

Layer such as fixed regions etc.

Group Weight

1.000

Fix resistivity? (0=No,1=Yes)

1

Resistivity value

100.0

Number of points on boundary

3

X and z coordinates of points

0.000, 4.740

20.000, 4.741

44.000, 4.740

Fix resistivity of region below las
boundary? (0=No,1=Yes)

1

Group Weight

20.000

Fix resistivity?

1

Resistivity value

4000.0

0,0,0,0,0
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7.11  Global or GPS coordinates

Two-dimensional resistivity surveys are carried out with the electrodes arranged along a straight
line. The coordinates of the electrode positions, and thus the subsurface model resistivity values, are
given with respect to the ends of the line in the form of local coordinates. In order to incorporate the
results in a map, the true coordinates (in terms of latitudes and longitudes, or northings and eastings) are
required. The positions of points alongethne can now be easily obtained using Global Positioning
System (GPS) receivers. In order the obtain the true coordinates for the model values, the GPS
coordinates must first be entered into the data file read by the RES2DINV program. The resules can lat
be extracted from the XYZ file generated from the data inversion file.

The information concerning the GPS coordinates is given in the section immediately after the
topography information in the data file. An example for a data file (without topograging the index
based format for the resistivity data is given in the file BETA _GLOBAL.DAT. The section of the file
containing the GPS information is shownTiable28.

Table28. Example dta file with global coordinates.

BETA GLOBAL.DAT file Comments
8.750 4500 10.132 Last
7500 5.000 9.601 three
8.000 5.000 9.601 data points

0

Topography flag, 0=no topography

Global Coordinates present

Header to indicate GPS information present

Number of coordinate points

Header

3

Number of coordinate points

Local Longitude Latitude

Header

0.0 20.0 10.0 First coordinate point given as
Local position along line, GPS Longitude, GPS Latitude
8.0 26.93 14.0 Second coordinate point
155 33.42 17.75 Third coordinate point
0 Zeros to indicate other options,
0 such as fixed regions etc.
0 not present

An example for a data file with topography using the index based format is given in the file
RATCHRO_GLOBAL.DAT. The section of the file containing the GPS information given after the
topography section is shown Trable29. The file IP_MAGUSI_MF_GLOBAL.DAT is an example of a
data file with IP values asedl the GPS information.

The file MIXED_GLOBAL.DAT and RATHMIX_GLOBAL.DAT are examples of data files
using the general array format containing GPS coordinates. Both data sets have the topography
information within each data point line. The section of t#eTRMIX_GLOBAL.DAT with the GPS
information is shown iMable30. The file LAKELELIA_GLOBAL.DAT is an example with data in the
general array format for an underwater survey with GPS coordinates. It also has tgepbpo
information in a separate list from the apparent resistivity data lines. Part of this file is shbalslén
3L

To make use of the GPS coordinates, you need to first run an inversion of the data sefadNext r
the inversion file in the ‘Display’ wi ndow, and
- Model export- Save data in XYZ format'’ option
coordinates will be listed in the last sectiortted XYZ file.

(section
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Table29. Example data file with index based format and topography and global coordinates.

RATHCRO_GLOBAL.DAT Comments
file

Initial section with main data section and
topography

92,:3.207 Last

94,-3.27 Three topography

96-3.34 data points

1 First topography point same as first electrode

Global Coordinates prese| Header to indicate GPS information present

Number of coordinat¢ Header

points

3 Number of coordinate points

Local Longitude L#tude

Header

-36.0 80100.0 200300.0

First coordinate point given as
Local position along line, GPS Longitude, GPS Latitude

20.0 80148.1 200327.8

Second coordinate point

96.0 80213.3 200365.4

Third coordinate point

0 Zeros to indicate other djons,
0 such as fixed regions etc.
0 not present

Table30. Example data file with general array format, topography and global coordinates.

RATHMIX_GLOBAL.DAT
file

Comments

Initial part with main data section

4 60.0-0.09396.0-3.34
72.0 -2.274 84.0 -2.914

Last apparent resistivity data point

1680.0

0 Put zero for topography flag

Global Coordinates Header to indicate GPS information present
present

Number of coordinat¢ Header

points

3 Number of coordinate points

Local Longitude Latitude

Header

-36.0 80100.0 200300.(

Local position along line, GPS Longitude and Latitude

20.0 80148.1 200327.8

Second coordinate point

96.0 80213.3 200365.4

Third coordinate point

0 Zeros to indicate other options,
0 suchas fixed regions etc.
0 not present
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Table31. Example aquatic survey data file with global coordinates.

LAKELELIA_GLOBAL.DAT
file

Comments

Initial part with main data section

Topography in separate list

Header for topogrphy information

2

Topography flag

38

Number of topography points

26.12 999.09

First topography point

Other topography data points

1127.7®99.09

Last topography point

1

1st topography point at 1st electrode

Global Coordinates present

Header toindicate GPS information present

Number of coordinate points | Header
4 Number of coordinate points
Local Longitude Latitude Header

26.0 100000.0 200000.0

First coordinate point given as local position along line, G

Longitude and Latitude

126.0 100086.6 200086.6

Second coordinate point

500.0 100410.5 200237.0

Third coordinate point

1092.0 100923.2 200533.0

Last coordinate point

0

Zeros to indicate other options,

0

such as fixed regions etc. not present

1

Indicates water layer present

58.00;2000.00,2000.00,1000,

The water layer information

0,0,0

End with a few zeros
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7.12  Extending the model horizontal range

The program automatically sets the left and right ends of the model at the first and last electrode
locations for surveysvith surface electrodes only. In some situations, there might be large resistivity
contrasts just beyond the ends of the survey line. This option allows the user to extend the horizontal
range of the inversion model used by the program. The data mustdareig the general array data
format (section 7.2) for this option to be used. The table below shows the data format using the example
MIXEDWS_EXT2.DAT file.

Table32. Example data file with extended model range.

MIXEDWS EXT2.DATile Comments
Mixed array with extended model range | Title
1.0 Unit electrode spacing
11 General array type
7 Subarray type, Wennegchlumberger
Type of measurement Header
0 Indicates apparent resistivity given

Additional model blocks added beyoedds| Header to indicate model extended beyond ends of
of survey line

Number of additional blocks on both sides| Header

2 Indicates 2 blocks added at both ends

Positions of left additional blocks Header for left side

-2.0,0.0 x and z position of fat extended point on left side
-1.0,0.0 x and z position of second extended point on left sid
Positions of right additional blocks Header for right side

35.0,0.0 x and z position of first extended point on right side
36.0,0.0 X and z position of secdrextended point on right side
230 Number of data points

1 True horizontal distance

0 No I.P. data

40.00.019.00.0 9.00.010.0 0.0 10.644 First data point

41.00.020.00.010.00.011.00.0 10.28| Second data point

Same format forther data points

0,0,0,0 Ends with a few zeros for other options

Note the format for the additional horizontal positions. Firstly, Xhmositions must be given
starting from the left side, or the lowest value. Thpositions must also be given. If tkeis no
topography, a value of 0.0 is given as in the example. If there is topography, the elevation at the point
must be given. The files RATMIX_Ext.dat and RATCMIX_Sep_Ext.dat are examples of the data format
with topography.
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8 File menu options
This covers the list of subptions under the 'File' menu option, as shown below.

B RES2DINVx64 ver. 4.8.1 :- 921
File Edit ChangeSettings Inversion Display Topography Options Print Help
Read data file

Round up positions of electrodes
Automatically switch electrodes
Cut-off factor to remove data

Calculate errors from repeated readings
Data Import >

Collate data into RES3DINV format
Concatenate data into RESZDINV format

Combine 2-D files into a time-lapse file

Change buffer drive
Save sorted data after reading in data file

Trace pregram execution

Exit program

8.1 Read data file
This option reads in a data file which is in the RES2DINV DAT format (see section 7). It
assumes the data is arranged in the format used by this program.

8.2 Round up positions of electrodes

This option is intended for data from long survey lines, particularly those collected using a
mobile measuring system such as the Geometrics OhmMapper system or an aquatic surveying system
such as the Iris Instrumentgsgal Pro Deep Marine system. Such mobile surveying systems have a fixed
spacing between the electrodes nodes in the cable, typically 5 meters or more. However, measurements
are usually made at irregular intervals depending on the speed at which thésdabled. Thus, the
spacing between consecutive measurements do not have a fixed value and is usually less than the spacing
between the electrode nodes on the cable. The positions of the measurements are usually measured with a
GPS system. The processiraftarare for some systems digitize the raw data collected to a fixed interval
such as to the nearest 1 meter (i.e. rounds up the position of the electrodes to the nearest 1 meter),
compared to the electrode takeouts on the cable that are 5 meters or arardtap array probably
cannot resolve such fine structures. A coarser discretization, such as to every 1.25 to 2.5 meters (i.e. one
guarter to half the spacing between the electrodes takeouts), is probably sufficient. This reduces the
number of electrod@ositions in the inversion model, and consequently greatly reduces the inversion
time without significantly affecting the results. Another situation arises when the data conversion
program supplied with the survey system does not have an option to cha&ndata discretization
interval and records the positions as measured by the GPS system. You can set the electrode position
discretization interval by changing the unit electrode spacing value in line 2 of the data file (eg. from 1.0
to 2.5). Beforereadm i n t he data -Rioluemd sl potsithensFiolfeele
the following dialog box will be shown.

r 5
Round up positions of electrodes

This option is intended for data fram mohbile survey systems where
the electrode locations of adjacent measurements can end up in
odd fractions of the unit spacing specified in the data file. Wwhen
this option is enabled, the location of the electrodes in eveny
measurement is shifted to the nearest electrode on a survey line
with & constant distance between adjacent electrode locations.

" Do not shift electrodes + Shiftthe electrodes

Ok | Cancel
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Select the 'Shift the electrodes' option, and then read in the data file. The program will
automatically adjust the positions tife electrodes so that the distance of each electrode from the first
electrode position is an integer multiple of the unit electrode spacing. In the process of shifting the
positions of the electrodes, some measurements might end up having the saodegbesitions. When
this occurs, the program will display the following dialog box.

-

Repeated data points

Data points 1 and 2 with an electrode spacing of 0.500
and 'n' factor of 1.0000 hawe the same horizontal location!

“r'ou can choose to leawve the data as it is and save the sorted
datain a disk file. Later, edit this file with a text editor to remowve
the repeated points. Howewver, ifyou wish to invert or display the
data set now, vou need to choose the option to remowve the
repeated data points automatically.

i+ Leave data as itis and edit later
" Remove repeated data points now

(0] 4 | Cancel |

b .

If the 'Remove repeated data points now' option is selected, the program will combine readings
with the same electrode positions into a single data point.

8.3 Automatically switch electrodes
Clicking this option will bring up the following dialog box. This option has two functions.

-

Automatically switch electrodes

In some resistivity meter systems. the positions of the electrodes for
the dipole-dipole array are stored in the order C1-C2-P1-FP2 which will
give a negative geometric factor rather than the carrect arrangement
C2-C1-P1-F2. This option enables the program to automatically switch
the positions of the electrodes when the progam encounters a negative
geametric factor but & positive resistivity.

" Do not switch electrodes i Automatically switch electrodes

This option is for data from surface surveys with the values given in
resistances. In some cases. the resistance value is is given as positive
while the geometric factar is negative orvice versa. In this option you
wou can force the sign of the resistance values to be consistent with

the geometric factor walue of the array. This will force all the apparent
resistivity values to be positive.

Force resistance value to be consistent with the geometric factor?

" Do notforce values to be consistent.

* Forcewalues to be consistent (positive apparent resistivity)

(0] | Cancel |

4 r

Firstly, it allows the user to automatically switch the positions of the C1 and C2 electrodes for
dipole-dipole array data given in the geakarray format (section 7.2). The positions of the electrodes
are frequently listed in the G21-P2-P1 order although this will result in a negative geometric factor.
Selecting the 'Automatically switch electrodes' option will swap the positions Gfltlsad C2 electrodes
so that the array configurations will have a positive geometric factor.

The second option deals with data in the general array format where the measurements are given
as resistance values. One common mistake of measurements in cesisthues is that the sign of the
measurement is sometimes not recorded, i.e. it is always listed as positive. This will result in the sign of
the resistance value being inconsistent with the arrangement of the electrodes for cases with a negative
geometrt factor. If the option to force the apparent resistivity to be positive is chosen, the program will
change the sign of the measurements so that when multiplied with the geometric factor a positive
apparent resistivity values is always obtained.
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8.4 Cut-off factor to remove data

This option is used to filter data with very high geometric factors (and consequently low
potentials) that are likely to be noisy. Selecting the menu option will bring up the following dialog box.
If the option is enabled, datalues below the threshold will be filtered out.

-

Cutoff value for readings

Ta avoid possibly very noisy readings, the program will automatically

eliminate readings where the potential wvalues are probably wvery small.
The parameter used is the ratio of the smallest to the largest geometric
tactor. This ratio is usually between 0.0007 to 0.02 {i.e. a ratio of 1400 to

50times). To change the cutoff value, enter the new value below.

0.00300

This cutoff walue will not be used to eliminate readings if the data is given
as resistance values, and the user does not selectthe option to change
the data into apparent resistivity values.

[fwou wish, you can disable this feature and the program will not filter the
input data. In extreme cases this could result in negative calculated
apparent resistivity values. If this happens, you can enable this feature
or use the apparent resistivity or resistance values directly in the
inversion instead of the logarithm of the apparent resistivity.

Doyouwantto filter the input data? & Yes No

Ok | Cancel

8.5 Calculate errors from repeated readings

Clicking this option will bring up the following dialog box. This option calculates an estimated of the
data error using repeated or reciprocal measurements.

- ~

Estimate error from repeated readings

For data sets with & large number of repeated or reciprocal readings.
wou can use the difference between the values as an estimate of the
data error. Do wou calculate the data error automatically?

" “Yes - calculate error + Mo -do not calculate

QK | Cancel
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8.6 Data Import
Clicking this option will show the following list of suptions. Use this option to read in the raw data
file from different instruments and convert the data into the format used by RES2DINVx64.

R RES2DINVx64 ver. 4.

Edit Change Settings Inversion Display Topography Options Print Help
Read data file

Round up positions of electrodes
Automatically switch electrodes

Cut-off factor to remove data

Calculate errors from repeated readings

Data Import k 4 Import data in ABEM SAS AMP format

Collate data into RES3DINV format Import data in Sting 5TG format

Concatenate data into RES2ZDINV format
Combine 2-D files into a time-lapse file

Import data in BGS format

Import data in CAMPUS Imager format
Import data in IRIS format

Import data in OYO McOhm format
Import data in PASI txt format

Import data in PASI Polares format
Exit program Import data in RESECS format

Import data in RESISTAR format
Import data in SCINTREX SGD format
Import data in SCINTREX IPR12 format
Import data in MAE format

Import data in Phoenix format

Change buffer drive
Save sorted data after reading in data file
Trace program execution

Import data in Zonge AVG format
Import data in GDD format
Import data in OTHER format

8.7 Collate data into RES3DINV format
(a) Parallel and orthogonal 2D lines

Ideally, a 3D survey should be carried out using a rectangular grid of electrodes with
measurements in different directionisoke and Barker 1996 However, for practical reasons, most
commercial 3D surveys use a mber of parallel 2D survey lines with possibly some tie lines in a
perpendicular direction. This option enables the user to combine -Delir®es with data in the
RES2DINV format into a single data file in the format used by the RES3DINV program. The file
COLLATE_2D_3D.TXT is an example script file used to combine #i®flles. The contents of this file
together with a description of the format used are givarabie33.

The format used allows for the possibilithat the survey has lines in two perpendicular
directions. A 2D survey line has only one horizontal direction, and the coordinate of an electrode along
the survey line is given as the distance along the line, starting from the first electrode. Tonéetieemi
coordinate of the electrode in theYXplane for a 3D survey, we need to determine the coordinate of the
first electrode in the-B survey line within the XY survey grid. This gives a reference point for which
the coordinates of the other electesdalong the same survey line can be calculated. Secondly, it is
necessary to know the orientation of the line, i.e. whether is alongdinection ory-direction in thex-y
grid. Note that diagonal lines are not allowed.

In a 2D survey line, it is alwgs assumed that the coordinate of the electrode always increases
starting from the first electrode (i.e. from left to right in a typical pseudosection). However, the direction
of increasing coordinate value along th® Zurvey line might not always be tsame as the positive
or y direction in the @D surveyx-ygr i d . The *“Line sign’ par amet er
direction of the 2D survey line is opposite to the direction of the posike y axis in thex-y grid.
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Table33. Example script file to combine2 data files into a-® data file.

COLLATE 2D 3D.TXT file Comments
Conversion of RES2DINV data fileq Title
Number of files to collate Header for no. of data files
3 Number of data files
File 1 parameters Header for first file
Name of data file in RES2DIN\ Header for name of file
format
d:\testFILE2D_1.DAT Full name plus path of file

X and Y location of first electrod{ Header
along this line

0.0,0.0 Coordinates of the first electrode

Line direction 0=X,1=Y) Header

0 Number specifying line direction

Line sign (O=positive,1=negative) | Header

0 Specify whether electrode coordinates increase or decr
along line

File 2 parameters Same set of parameters for second file

Name of data file in RES2DIN

format

d:\testFILE2D_2.DAT

X and Y location of first electrod
along this line

0.0;0.5

Line direction (0=X,1=Y)

0

Line sign (O=positive,1=negative)

0

Similar information for third file

Name of output file in RES3DIN\ Header

format
d:\testFILE_3D.dat Name of 3D data file
End of file Header for end of file

While it is possible to combine a number ebdines into a 3D data set, it might not always be
worthwhile to do so. Firstly, it is recommended that there shouldtbleast 5 parallel lines. The
separation between the lines should not be more than twice the unit electrode spacing along the lines. For
further detail s, pl ease refbDecand3DoelChaptieecaB bfmagih
(Loke 2018) It can be downloaded from the www.geotomosoft.com web site. The RES3DINVx64
program will carry a true -B inversion (in that the resistivity values are allowed to vary in all 3
directions simultaneously during the inversion process). A discussion amviérsion of such B data
sets is found in Loke and Dahlin (2010).

(b) 2-D lines in arbitrary directions
The previous example assumes tHe Bnes are parallel or orthogonal so that the electrodes used
fall in a simple rectangular grid. In some surveparticularly over rugged terrain, this might not be

possi bl e. The RES3DINVXx64 program supports an
electrodes can be arranged in practically any pa
each2D survey |lines into a common -Dddtadib,@dch-Ddamor di n
file must contain the *‘Global or GPS’ coordinate

‘Gl obal or GPS’' -Ddilesoarethénnsed te positiom thetelearod@s in the &urvey
lines in the common -® coordinate system. An example of the format used is given in the
COLLATE_2D_TO_3DArbitrary. TXT script file. The contents of this file are listedTiable 34 with a
description of the information lines.
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Table34. Example script file to combine data frorD2lines in different directions into a3 data file.

COLLATE 2D TO_ 3FArbitrary. TXT file

Comments

Conversioninto 3-D arbitrary electrode
data format

Title

Number of files to collate

Header for no. of data files

17

Number of data files

Arbitrary point electrodes format

Header to indicate -®arbitrary electrodes format used

X model grid spacing

Spacing in xdirection for model grid

1.0 X spacing value
Y model grid spacing Spacing in ydirection for model grid
1.0 Y spacing value

File 1 parameters

Header for first file

Name of data file in RES2DINV format

Header for name of file

c\testblock32x19bx-00.DAT

Full name plus path of file

File 2 parameters

Same set of parameters for second file

Name of data file in RES2DINV format

c\testblock32x19bx-02.DAT

Similar information for other files

Name of output file in RES3DINV format

Header

c\test\block32x19b3D.dat

Name of 3D data file

End of file

Header for end of file

For each 2D line, only the name of the data file is needed. Unlike the format ustdbie 33
for parallel or orthogonal lies, the orientations or positions of the lines are not needed. This is because it
is assumed this information is containe-Dfile.n t
Another important difference is that the model grid spacings ix #rel y directions must be specified
by the user. It is recommended that you use values that are similar to the electrode spacings used in the 2
D lines. You can use different model grid spacings inxthedy directions, for example some surveys
use spacingbetween the lines in thedirection that are 2 or more times theliime electrode spacings in
the x direction. However, it is recommended that the grid spacings should not be differ by more than a
factor of 2 times. The model grid automatically genetavy this option might not be optimal, for
example some parts of the grid might only be sparsely covered by the survey lines. If necessary, you can
edit the 3D data file generated manually using a text editor to optimize the grid spacings and number of
grid lines. Please refer to section 7.2.3 of the RES3DINVx64 manual for details on the data format, and
sect i onTudriabd: 22 ana 3D electrical imaging surveys ( Loke 2018) on met h
the model grid.

The equatorial dipoldipole and &set poledipole arrays have offline electrodes. To fix the

he

positions of the offline electrodes, a modi ficat
needed as shown in Table 35.

There are two main diff er eondbne of GlBhalrcgotdinages a n
present’ must be included to indicate the change

there are two pairs of the,y,2 global coordinates, one for the main survey line and another for the
offset line. A an example, for the offset palgole array the C1 electrode will be located along the
main survey line while the P1 and P2 electrodes are assumed to be on the offset line. Note that elevation
value for the global coordinate must also be given to altoveases where the elevation along the offset

line is different from the main survey line.
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Table35. Example data file with global coordinates for an array with offline electrodes.

Data file

Comments

Initial part with main dita section with

data points and topography

Global Coordinates present

Header to indicate GPS information present

Second line of Global coordinatt

Extra header to indicate coordinates for offline electroi

present present
Number of coordinate pats Header
3 Number of coordinate points
Local Long. Lat. Elev Long. Lat Header

Elev

10.0 100.0 300.0 20.0 101.0 304
21.0

Local position along line, GPS Longitude, GPS Latitude

20.0 158.1 327.8 22.0 157.1 331
22.5

Second coordinate point

96.0 238.3 365.4 18.0 222.3 369
19.0

Third coordinate point

0 Zeros to indicate other options,
0 such as fixed regions etc.
0 not present
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8.8 Concatenate data into RES2DINV format

This option enables the user to combine-adding data files measuredal the same line into a
single data file. All of the electrodes used in the survey lines are along a single straight line. The file
CONCATENATE_2D.TXT an example script file. The contents of this file together with a description of
the format used are gim inTable36. In some resistivity mukélectrode systems, each new record starts
with a zero location for the first data electrodes. In order to combine different data filedothéons of
the data pointsnisome of the files will have to be shifted so that all of them have a common origin. In
the above script file format, this is done by entering the coordinate of the first electrode for the survey
line. In most cases, the directions of the lines are time stor example the-bocations increase from the
left to the right. However, an option is provided where the survey lines were measured in different
directions.

Table36. Example script file to concatenatéd2data files.

CONCATEMTE_2D.TXT file Comments

Concatenation of several data files| Title

RES2DINV

Number of files to concatenate Header for no. of data files

3 Number of data files

File 1 parameters Header for first file

Name of data file in RES2DIN\ Header for mme of file

format

c\datafilel.DAT Full name plus path of file

X location of first electrode alon| Header

this line

0.0 Coordinates of the first electrode

Line sign (O=positive,1=negative) | Header

0 Specify whether electrode coordinates increase or decr
along line

File 2 parameters Same set of parameters for second file

Name of data file in RES2DIN

format

c\datafile2.DAT
Similar information for 2nd and 3rd files

Name of output file in RES2DINV

format

c\datafile 123.DAT Name offile to store combined data

End of file Header for end of file
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8.9 Combine 2-D files into a time-lapse file

This option is to combine separat®2ata files, measured at different times using the same line
setup, into a single timkpse data fileqection 7.6). An example script files to implement this is the
Time-2d-collate.txt file. The contents of this file together with a description of the format used are given
in Table37. The format is similar to thatsed to collate or concatenate files where a list of input the data
files and an output file is listed. In this case, the name of each file and the time it was measured is
required.

Table37. Example script file to combine2 dag files into a timdapse file.

Time2d-collate.txtfile

Comments

Block model 3 files Title

Time unit Unit used for time

Day Day in this case

Number of files Header for no. of data files
3 Number of data files

File 1 Header for first file
c:MtestmOl.dat Full name plus path of file
Time measured Header

0 Time measured

File 2 Header

c\testm02.dat

Full name plus path of second file

Time measured

Same set of parameters for second file

1

Time second data set measured

File 3

Similar information ér third file

c\testm03.dat

Time measured

1

Output file name

Header

c\testmtime3.dat

Name of file to store tir@apse data

End of file

Header for end of file
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8.10 Change buffer drive
The program will automatically select the halidk drivewith the largest amount of free space

as the buffer drive to store temporary files used in the inversion routine. This option allows the user to
change the buffer drive, such as to a faster SSD drive.

8.11 Save sorted data after reading in data file
Sekcting this option will bring up the following dialog box.

Save sorted data file

After reading in a data file, you can choose to save the sorted data into & new data,
file. If wou choosge the “res' option below, the pragram will automatically stap

and asked vouwhether vou want to save the soned data. Ifyou choose the 'No'
optian. the program will not display this gquestion. This saves some time.

" Yes - save sorted data &+ Mo-donotsave soted data
This option allows you to sawve data in the general array format into the index
based format after the data has been sored. Save sored data in index farmat?

" Y'es - gave in index format * Mo-donotsawve inindex format
This option allows you to save data in the index based format to the general
array farmat after the data has been sorned. Save sorned data in general format?

" Y'es - gave in general array format & MNo-keepinindex based format

(0]:4 | Cancel

When the program reads in a data file, it will sort the data according to depth of investigation of
the array. For index based data, it will group the data points according &ahd h' values used. If the
first option is selected, the program will save the data after sorting into a separate data file. If the original
data file is in a general array format, but a standard array was used, the second option allows the user to
save the data ia file using the index based format. This makes it easier to detect problems with the data,
such as the use of large values with the Wenneschlumberger, poldipole and dipolaipole arrays.
The third option converts data originally in the index baeethat to the general array format. This is
useful as certain options, such as extending the model range (section 7.12), is only available for data in
the general array format.

8.12 Trace program execution

When this option is enabled, the program wilintp information into &R2DTRACEX64.TXT
file during the inversion process. This is mainly used to trace problems in the program if it is unable to

read or i nvert a data fil e. T h e in thd beffendiivé. | be save
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9 Edit menu options

This section covers a few data editing options to remove bad data points, trim very long profiles,
reverse the direction of a data set and to change the location of the beginning of the line. Clicking this
option will show the following lisof suboptions.

% RES2DINVx64 ver. 4. ; ortd
File Change Settings Inversion Display Topography Options Print Help

Exterminate bad data points
Exclude data points in selected range *
Splice large data sets
Trim large data set
Reverse pseudosection
Change first electrode location

9.1 Exterminate bad data points

In this option, the apparent resistivity data values are displayed in the form of profiles for each
data level. This can only be used for data collected using conventional arrays. You can use tlie mouse
remove any bad data point. The main purpose of this option is to remove data points that have resistivity
values that are clearly wrong. Such bad data points could be due to the failure of the relays at one of the
electrodes, poor electrode ground coht@due to dry soil, or shorting across the cables due to very wet
ground conditions. These bad data points usually have apparent resistivity values that are obviously too
large or too small compared to the neighboring data points. The best way to hahdbadypoints is to
drop them so that they do not influence the model obtained. Figure 20 shows an example of a data set
with a few bad points. To remove a bad data point, move the-shagged cursor with the mouse to the
data point and click the left mee button. The color of the data point should change from black to
purple. If you click the same data point again, it will not be removed from the data set. Besides removing
a single data point, there are other functions that removes a series of daa.poil€fl i cki ng *‘ Hel
menu bar will display the list of keys or mouse clicks that can be used.

r n

Function of keys to remove data points

Toremove a data point. move the cursor to the point and click
left mouse button. To restore a paint, click it again. The keys
below will remove different sets of data points sharing a
electrode with the selected data point.

A Points using the present C1 electrode

E ! Points using the present C2 electrode

 : Points using the present C1 or C2 electrode
i Points using the present P1 electrode

N : Points using the present P2 electrode

F : Points using the present P1 or P2 electrode
L oAl points in the data level is removed

R Restore all points in the data level

To remove a series of data points on the same profile, move the
cursor fo the left point and click the right mouse button. Mext
the cursor to the right point and click the right mouse button.

ok |

For example, you can remove a series of data points on the same profile using the right mouse
button. If the contact at one of the electrodes is bad,cam remove all the data points associated with
that electrode. To quit from this option, just press@key or click the Exit option. You will then be
prompted to save the edited data into a new file.
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Elec. spac. Rectangular Blocks
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120.0- =ttt ++

+Measured data + Bemoved data
Figure 20. Example of adata set with a few bad data points. The data is displayed using the
"Exterminate bad data poifitsption.

9.2 Splice large data sets

This option enables you to choose a section of the full data set (which is too large to be processed
at a single time)at invert. For data given in the index based format (section 7.1), the distribution of the
data points in a pseudosection will be displayed such Eigime21. You can select a section of the data
set to invert byusing the arrow keys. Instructions on the keys to use are displayed on the screen. You
can also display the list of editing keys used by selecting the 'Help' menu option that will display the
following information box.

Function of keys

Ta move the left electrade : Left, right. Home, Pglp keys
Tamowve the right electrode - End, FgDn, [ or ] keys

To move the lewvel selector : Up or down arrow keys
Todecimate alevel : D key

Toeliminate a level : E key

To move both electrodes ;- or = keys

_ox |

s o

The data points selected will Imearked by purple crosses or dots, whereas the remaining data
points are black. At the top of the display, the left and right limits of the section selected are marked by
yellow vertical lines. If there are too many data points in the lower levels, yotedace the number of
data points by selecting only odd or even points in a level. To do this, move the horizontal yellow marker
on the left side of the display up or down to the level you want to decimate using the up and down arrow
keys. Then press D tbecimate the data points in that level. Using this option, you can select a section of
the data set to invert. The entire data set can then be inverted by inverting successive subsections of the
data set. After selecting the data set-sabtion you wantiivert, will need to save it to a new file.
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Splicing of large data set

P

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

T T A A T T T T T S T T T T T A A T T S S e S S A T A T S

O T T T T T T T S T T T T T T T T T T S S S I T TR T T T T B

++++++++++++++++++++

++++++++++++++++++++++++++++++++++++++++++

T T T S T T T T T T T T T T T T S S S S A T A

+ o+ P P - P P PR - - P

+ Datum points selected Number of data points used is 1202
| Limits of data subset selected Number of electrodes used is 297
- Level selected Left electrode numberis 1 at 4620.0 m.

Decimate odd points in a level Right electrode number is 297 at 6300.0 m.
- Decimate even points in a level Level selected : a=5.00
Click Help for keys to use

Figure21. Example of a display using the splice data option for a data set in the indexed base format.

For data is given in the general array format, you can trim the data by chémgiedt and right
limits of the data set, as in the following dialog box. You can also remove data near the top or bottom of

the pseudosection by setting limits on the depth values.

P
Trim data set

The minimum and maximum electrode positions are 0.00 and 490.00.

Please enterthe minirmurm and maximurm electrode locations far the timmed data set below.
Minimum location selected :  [-001 Maximum location selected : [490.01
The pseudodepths of the data points range from 4.16 to 103.80.

Flease enter the minimurm and maximum pseudodepths for the timmed data set below.

kinimum pseudodepth chosen:  [415 haximum pseudodepth chosen: [103.81
MNumber of data points selected is 469 out of 469.

0K | Cancel |

In general, it is recommended that you try to invert the entire ddtatsa single time. The
inversion of long survey lines is no longer a problem with RES2DINVx64. If the data is from a long
survey line with more than 500 electrode position, you can select the "Sparse inversion' option to

significantly reduce the calcdlan time and computer memory required (see section 11.2.6).

9.3 Trim large data set

This option is similar to the previous option, except the dialog box to set the left and right limits (and
upper and lower limits for the pseudodepths) of the data sdwiays shown, even for data given in the

index based format.
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9.4 Reverse pseudosection
This option flips the pseudosection horizontally from left to right. This is helpful when you have parallel
survey lines but the surveys were started from diffezads.

9.5 Change location of first electrode
This allows you to change the location of the first electrode in the survey line. It is basically intended for
plotting purposes, so that overlapping survey lines have thexsbroations for electrodes thapincide.



60

10 Change Settings menu options
This menu contains a number of options that control the parameters used in the inversion of the
data set. This option shows the following menu.

B2 RES2DINVx64 ver. 48.1 - 921 - DARes2dinvi64\BlueRidge.dat A
File Edit ChangeSettingshInversion Display Topography Options Print Help

Inversion Damping Parameters >

Forward modeling method settings
Automatically adjust mesh grid size

Inversion Progress Settings >
Data/Display Selection >

Save inversion parameters

Read inversion parameters

10.1 Inversion Damping Parameters
This covers a list of optionthat control the damping factof, in equation (4.1), used in the
smoothnessonstrained leastquares inversion equations. The following list of -sudnu options is
displayed when this option is selected.
xl,! RES2DINV)(64 ver.48.1:-921 - D:\Res2dianeRidge£ﬁt.
File Edit |Change Settings | Inversion Display Topoaraphy Options Print Help

Inversion Damping Parameters 4 Damping factors

Forward modeling method settings Change of damping factor with depth

Automatically adjust mesh grid size Wt pzge wff oete) ety

: : Vertical/Horizontal flatness filter ratio
Inversion Progress Settings 4 Use Diagonal Filter
Data/Display Selection 4 Use L-Curve method to select damping factor

Save inversion parameters L g o @i CEigig

Read inversion parameters Reduce variations near borehole

Use sensitivity values to damp variations near boreholes

10.1.1 Damping factors
Selecting this option Wibring up the following dialog box.

Set Damping Factors

Initial Damping Factor

The initial damping factor should normally has a value of between 0.25 and 0.05. You
should use a correspondingly larger damping factor for a noiser data set. If you are
not sure, use a value of about 0.15.

Initial damping factor value selected :- 0.1500

Minimum Damping Factor

The minimum damping factor should normally has a value of between 0.01 and 0.10.
You should use a correspondingly larger damping factor for a noiser data set. If you
are not sure, use avalue of about 0.03.

Minimum damping factor value selected - | 00100

First Layer Damping Factor
For some data sets with very sparse data points. the first layer can show a rippling
pattern. To reduce this artifact, you can use a higher damping factor for the first layer.
Use higher damping for first layer? .- " Yeg & No
Higher damping factor value for first layer (1 to 20) - 5000
Apply higher damping factors for blocks at sides of model to reduce edge effects?

" No - Do not use higher damping factors  Yes - Use higher damping factors.
Adjust damping factors for changes in distances between the blocks in the model?

" No - Use uniform damping factors. * Yes - Adjust damping factors.

0K Cancel

You can set the initial value for the damping faotan equation (4.1), as well as the minimum
damping factor. The inversion program automatically reduces the damping factor by about half after each
iteration untilit reaches the selected minimum value. If the data set is very noisy, you should use a
relatively larger damping factor (for example 0.3). If the data set is less noisy, use a smaller initial
damping factor (for example 0.I)he inversion subroutine wiienerally reduce the damping factor but
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a minimum limit for the damping factor must be set to stabilize the inversion process. The minimum
value should usually set to about erath to ondifth the initial damping factor value. For some data

sets, partiularly when the 'Model refinement' option is used to select a model with narrower blocks
(section 11.3.8), the first few layers can show a rippling effect. This can be reduced by using a higher
damping factor for the first layer. There is usually less daiar the ends of the survey line, so an option

to use higher damping factor for the model cells at the sides of the model is used. The last option allows
the user to adjust the damping factor for the different layers to take into account changesstaribesd
between the model cells.

10.1.2 Change of damping factor with depth

Since the resolution of the resistivity method decreases exponentially with depth, the damping
factor used in the inversion leagjuares method is normally also increased wébh deeper layer in
order to stabilize the inversion process. Normally, the damping factor is increased by 1.05 times with
each deeper layer, but you can change it. Use a larger value if the model shows unnatural oscillations in
the resistivity values ithe lower sections. This will help to suppress the oscillations. You can also select
the choice to allow the program to determine the value to increase the damping factor with depth
automatically. This might be a good choice if the thickness of the leyarach thinner than the default
values, for example if you had reduced the unit electrode spacing by half in the data file in order to
produce a model with smaller model blocks.

i B

Change of damping factor with depth

Since the resolution of the resistivity method decreases exponentially with
depth, the damping factor used in the inversion least-squares method is
normally also increased with each deeper layer. This in done in order to
stabilize the inversion process. Mormally, the damping factor is increased by
1.05 to 1.10 times with each deeper layer, but you can change it.

Enter the value to increase the damping factor : 1.05

Alternatively, the program can calculate the value to increase the damping
factor with depth automatically if you select the appropriate option below.

* Do not use automatic calculation.  Use automatic calculation.

Ok | Cancel

10.1.3 Limit range of model resistivity
When you select this option,gtiollowing dialog box will be shown.

' N
Limit range of medel resistivity values

“'ou can choose to limit the upper and lower values of the resistivity walues of the
imversion model can take. In some cases. this might be necessary to ensure that the
model resistivity values do not become too large or too small.

" Do not limit resistivity values ' Limitrange of resistivity values
Enter upper limit factar 500 Enter [awer limit factar 0.020
* Use average resistivity " Use first iteration resistivity

0K | Cancel |

This option allows you to limit the range of resistivity values that the inversion subroutine will
give. In the above example, the upper limit for is 20 times the average model resistivity value for the
previousiteat i on whil e the |l ower | imit is 0.05 times
allow the actual resistivity model values to exceed the limits to a certain degree. However, this option
will avoid extremely small or large model resistivitglues that are physically unrealistic. The user can
also choose to use the inversion model obtained at the first iteration as the reference model instead of the
average apparent resistivity value.

(
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10.1.4 Vertical to horizontal flatness filter ratio
You can select the ratio of the damping factor for the vertical flatness fifjeto(the horizontal

flatness filter {k). By default, the same damping factor is used for both. However, if the anomalies in the

pseudosection are elongated vertically, you famce the program to produce models that are also
elongated vertically by selecting a higher value (for example 2.0) for the ratio of the vertical to horizontal
flatness filter. For anomalies that are elongated horizontally, choose a smaller valu®&)e.g. 0

r B

Choose vertical-to-honzontal flatness filter ratio

If the main anamalies in the apparent resistivity pseudosection
are elongated in the werical direction, wou can choose to optimize
the inversion parameters forwverical structures by using a higher
weight (for eg. 2.0) for vertical flatness filter. Howenver, if the main
anomalies in the pseudosection are elongated horizontally, wou
can choose a smallerweight (for eg. 0.5) for the vertical filter.

“ertical to harizontal filter weight 1 00
Ok | Cancel‘

10.1.5 Use diagonal filter

The normal roughness filter used has components ix ered z directions only (Figure 22a).
Thus, it has a tendency to produce structures aligned along the x and z directions. To reduce this effect,
the roughness filteused can be modified so that it has components in the diagonal directions
(Farquharson, 2008) as weligure22b).

X —= ib] X —»

(@)

Figure 22. Types of roughness filters. (a) Horizontal and verticaingonents only. (b) Diagonal
components as well.
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10.1.6 Use L-curve method to select damping factor

In this option, the optimum damping factor is automatically determined by the program using the
L-curve method Rarquharson and Oldenburg 200Zhis methd essentially estimates the data misfit
and the model roughness for a large range of the damping factor values. On selecting this option, the
following dialog box is shown.

Use L curve method

“'ou can selectthe L curve method to estimate the optimum damping factar for the inversion model.
Use the L curve method? - Mo, donotuse L curve * Yes, use L curve method

[fwou use the L1 narm for the model roughness or data misfit, wou can use the the same norm for
the L curve method, or always use the LZ norm method within the L curve algorithm.

IIse the same norm? - ™ Mo, always use LZ narm ¥ &g, use same narm

[f wou choose to use the L curve method, it is recommended that wou use the maodel refinement

method with model cells of half the unit electrode spacing so that near surface structures with
large lateral variations are sufficiently modeled by the model grid used.

Type of model cellwidth - & Cells with 1 unit spacing width " Cells with 0.5 unit spacing width
The L curve method will usually select reasonable damping factorwalues. Howewer to prewent the
inversion from becoming unstable in rare cases where the method does not select a reasonable
wvalue, the program will setthe upper and lower limits for the damping factor wvalue as shown
below. “'ou can adjust the limits by typing in the new values.

Minimum allowed damping factorvalue - [00100

Maximum allowed damping factorvalue = [01500

Marmally, the damping factor selected by the L curve method decreases with each iteration and
settles down to near constantwvalues after the first few iterations. This option allows the userto
ensure thatthe damping factor does notincrease. If itincreases, the damping factor for the
previous iteration is used. Select option for damping factor change below.

" Damping factor not allowed to increase. f¢ Damping factor allowed to increase.

Ik Cancel

The first option is to select the use of thelrve method to estimate the optim damping
factor . The second option i s omdrrg mathed ire setting the i f vy
model roughness filter and data misfit vector (section 11.2.1). This option allows you to use the-same L1
norm method within the dcurve routineor use the standard kiibrm method.

The L-curve method assumes the data misfit and the model roughness changes in a smooth
manner with the damping factor so that a unique point of maximum curvature is obtained (Figure 23). In
some cases, particularly withery large resistivity contrasts near the surface, the standard model
discretization (where the width of the model cell is the same as the unit electrode spacing) can results in
smal | “kinks’ in the curve. T o hedotaunmeel reughaesseif f e c t
is recommended that a finer model discretization with model cells of half the unit electrode spacing (in
the third option in the dialog box) is used. The fourth option allows the user to set lower and upper limits
on the dampig factor. If the damping factor determined by theurve method falls outside these limits,
the value is trimmed to the lower or upper limit. The fifth option is for rare cases where the damping
factor increases after an iteration. This option allows.es to ensure it does not increase.

In the program, the damping factor values tested range from 0.01 to 100 times the trial value.
Figure 23a shows the variation of the model roughness with the data misfit f@LUUERIDGE.DAT
data set for damping factor values ranging from 0.000295 to Eigtre 23b shows a plot of the
curvature of the curve against the damping factor value. The optimum value is selected at thdtpoint wi
the maximum curvature value. The calculations are carried out internally by the program for a range of
damping factor values. In this example, the trial value used is 0.0295 while the optimum value calculated
is 0.0142.
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Figure 23. Example L-curve plot to determine the optimum damping factor for the BLUERIDGE.DAT
data set. (a) Variation of model roughness with data misfit for a range of spatial damping factor values (a
few values are shown near the corresponding points), ([atiear of the curvature of the-turve with

the damping factor.

10.1.7 Reduce variations near boreholes

In some field survey crodsorehole data sets, large resistivity variations are obtained in the
inverse model near the borehole electrodes (EllisGidénburg 1995). This option uses higher damping
factors for the model cells near the boreholes to reduce such artifacts. Selecting-tmsosulwill bring
up the following dialog box. You can set the degree at which the variations near the borehole are
reduced, and also the rate at which the additional damping value is reduced with distance from the
boreholes. In this option, the damping factors are set using the distances of the model cells from the
boreholes.

i N

Reduce variations near boreholes

Faor some cases, the model cells that are near to the boreholes
can show wery large resistivity wariations. The following aption
allows you to reduce these wvariations. Select "ves' to reduce the
model resistivity wariations nearthe bareholes,

* “Yasg " Mo

You can set the degree in which the wariations near the boreholes
are reduced by changing the value below. A larger value will result
in smallervariations near the boreholes.

Driamping factar to reduce wariations : [5.00

“'ou can also contral the degree the wariations near the boreholes
are supressed depending on the distance from the borehaoles. A
smaller value will result in & greater reduction in the resistivity
variations in parts of the model that are futher away from the
bareholes.

Rate of damping factor reduction ; 1.00

Ik | Canu:el|
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10.1.8 Use sensitivity values to dam variations near boreholes electrodes

On selecting this option, the following dialog box is shown. In some surveys with subsurface
electrodes, prominent artifacts are observed near the subsurface electrodest dL&@15). This option
uses the sensiity values to set the damping factors. Higher damping factors are used for model cells
with higher sensitivity values to suppress the artifacts. This method is more useful in cases where many
of the electrodes 1| i st ed danmy élebtrodeethabdreenot actuallg usedo d e s
One such situation is when a horizontal line of subsurface electrodes is useet(hbR615).

-

Reduce variations near electrodes using sensitivity values

Toreduce the resistivity wariations near the borehale electrodes, vou can use the sensitivily
walues. This is mare useful in cases where not all the bareholes electrodes are used, for
example when the subsurface electrodes are actually arranged along a horizontal line.

Do youwant to use the sensitivity wvalues to set the damping factors?

* “Yesg-use the sensitivity walues " Mo-donotuse the sensitivity values

Y'ou can setthe degres inwhich the variations near the electrodes are reduced by changing the
walue below. A larger value will resultin smallervariations near the electrodes.
Darmping factor increase to reduce variations - 3.00

'ou can also contral the degree the wariations near the electrodes are supressed depending an
the sensitivity walue. A smallerwalue will resultin a greater reduction in the resistivity wariations in
pans ofthe model that hawve higher sensitivity values.

Fate of damping factar reduction with sensitivity - 200

Only model cells above a set cutoff sensitivity wvalue will be subject to a higher damping factor.
Cutoff sensitivity walues ta set higher damping factar - |0.20

K | Cancel |
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10.2 Forward modeling settings
This option sets the parameters used for fidifference or finiteelementforward modeling
subroutine used to calculate the apparent resistivity values using the following dialog box.

Forward modeling method settings

Huorizonital mesh size
You can choose to have either 1. 2 or 4 nodes between adjacent electrodes. The calculated apparent
resistivity values will be more accurate with 4 nodes, but the program will be slower and requires
moare memory. If you select the finer or finest mesh option below, it is recommended that you choose
the 4 nodes option (unless the model refinement option is used)

 Choose 1 node " Choose 2 nodes ® Choose 4 nodes

The 1 node option should only be used for data from surveys with a moving cable. such as an aguatic
survey. The distance between two electrodes in an array should be at least 2 times the distance
between adjacent electrodes positions along the line
Ratio of minimum electrode separation in an array to data sampling spacing  1.00

Yertical mesh size

This option sets the mesh size if the vertical direction. Using a finer mesh will give more accurate
calculated apparent resistivity values, but it requires more more computer time and memory. It is
recomended that you use the normal mesh if the resistivity contrasts are less than B0 to 1. For larger
resistivity contrasts. using a finer mesh can improve the inversion results. For contrasts of over 500
to 1. try the finest mesh option

@® Norrnal mesh " Finer mesh " Finest mesh

Type of forward madelling method
“rou can choose to use the finite-difference or finite-element method for the forward modeling
calculations. The finte-element method is akways used for data sets with topography or cross-barehole
measurements

® Finite-difference method " Finite-element method

Automatically adjust grid size
This option enables the program to autornatically adjust the mesh size used by the finite-difference
and finite-element rmethads when it reads in a data file so as to optimize the calculation time. If you
prefer to use a fixed mesh configuration, select the option to disable this setting.

@ Disable autornatic grid size " Enable autormatic grid size

Cancel

10.2.1 Horizontal mesh size

You can choose a mesh grid used by the forward modeling program to have 2 or 4 nodes
between adjacent electrodesgfire 24). With 4 nodes per electrode spacing, the calculated apparent
resistivity values would be more accurate (particularly for large resistivity contrasts). However, the
computer time and memory required are correspondingly larger. By default, thrarpragl use the 2
nodes option if the data set involves more than 90 electrode positions. In normal surveys with electrodes
planted into the ground, the spacing between adjacent electrodes is usually the same as the minimum
spacing between two electrodaesed in an array. In surveys using a mobile cable system, such as the
OhmMapper on land or a streamer in aquatic surveys, the spacing between adjacent electrodes along the
survey line can be several times smaller than the minimum spacing between twadeteaed in an

array wused for the measurements. For such dat a
calculation time and memory required by the forward modeling routine.
Electrodes
Cy C, C3 Cs Cs Csg Gy Cg Cq

Layer1

Layer 2

Layer 3

Layer 4

Layer b

|:| Single model block (| Mesh cell

Figure24. Schematic diagram of mesh and rabcklls used by forward modeling routine. This example
has 4 nodes between adjacent electrodes.
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10.2.2 Vertical mesh size

This option allows you to use a finer mesh (in the vertical direction) for the-fliififexence or
finite-element methodHigure24). The model for a survey line on the surface normally uses a finer mesh
for the top two layers, and a single mesh line for the deeper layers. This option allows the use of a finer
mesh for the deeper layers. Tagparent resistivity values calculated will be more accurate with a finer
mesh, but the computer time and memory required will be greater. The use of a finer mesh can give
better results for cases where subsurface resistivity contrasts of greater thas &Gécted. This is
particularly useful in areas where a low resistivity layer lies below a high resistivity layer.

10.2.3 Type of forward modeling method
This program allows you to use either the firdiference or finiteelement method to calculate
the apparent resistivity values. By default, the program will use the-éiiifference method which is
faster if the data set does not contain topography. If the data set contains topography, the default choice is
the finiteelement method.

10.2.4 Automatically adjust mesh grid size

This option allows the program to automatically adjust the mesh parameters when it reads in a
data file. For exampl e, i f it is a survey | ine
electrode positions option @itomatically selected. However, this option can be disabled to use the same
settings for all data sets.

10.3 Inversion progress settings
The following set of options control the path the inversion subroutine takes during the inversion
of a data set. Theub-options menu is shown below.

,,lE! RES2DINVx64 ver. 4.8.1 :- K4-0B310A30-0619 - DA\Res2dinvx64\BlueRidge.dat
File Edit [Change Settingsl Inversion Display Topography Options Print Help

Inversion Damping Parameters r

Forward modeling method settings

Convergence limit

Inversion Progress Settings k r Line search local optimization
3

Data/Display Selection
Number of iterations

Save inversion parameters L
P Model resistivity values check

Read inversion parameters r

10.3.1 Line search local optimization

The inversion routine determines the change in the model parabgténem solving equation
(4.1). It attempts to find the optimum amplitude for the parameter change @ectosing quadratic
interpolation if this option is enabled.

10.3.2 Convergence limit

The program has two methods to test for convergence. The first is the relative change in the RMS
error between 2 iterations. By default, a value of 5% is used. This is uaedoimmodate different data
sets with different degrees of noise present. The second is the RMS data misfit itself. This sets the
percentage RMS error in the inversion of the apparent resistivity data where the program will stop after
the model produce has RMS error less than this limit. Normally a value of between 1% and 5% should
be used, depending on the quality of the data.
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-

b

Choose convergence limit

If the change in the RMS error after an iteratian is small, it usually indicates that the
irversion process has converged. Futher iterations usually will notin significant
reductions in the BMS errar. In the program, ane convergence limitis given as the
precentage change in the RS error after an iteration. A wvalue between 11010 %
is normally used. Enter the percentage relative change in error for the program to
use as the canvergence limit below.

Error change convergence limit (24) : |5.00

“'ou can also setthe percentage RMS error itself as the convergence limit. The
inversion process will stop after the percentage RMS error has been reduced to
below this walue. Choose arealisticwalue based on the quality of the data. A
smaller RS error does not always give a model. Awvalue of between 2 and 5 %
is commonly used.

Enter % RMS error for comvergence : |1.00

0K | Cancel ‘

10.3.3 Number of iterations

This allows the user to set the maximum number of iterations for the inversion routine using the
following dialog box. By default, the maximum number of iterations is set to 5. For most data sets, this is
probably sufficient. When the inversion routine reaches this maximum limit, it will ask the user for the

number of additional iterations if you widle continue with the inversion process. It is usually not

necessary to use more than 10 iterations.

-

Choose number of iterations

Y'ou should narmally select between § to 10 iterations far the least
-sguares inversion subrouting. The program will usually converge
within 4 to B terations. There is normally no reason to use more
than 10 iterations. Y'ou can also increase the number of iterations
within the least-squares inversion subroutine if necessary.

Mumber of iterations to use . |
Ok | Cancel|

10.3.4 Model resistivity values check

The program will display a warning if after an iteration in the inversion of the data set, a model
resistivity valle becomes too large (more than 20 times the maximum apparent resistivity value) or too
small (less than 1/20 the minimum apparent resistivity value). This option allows you to disable the

warning using the dialog box below.

-

Maodel Resistivity Check

“'ou can setthe program to check far unusually high or
low maodel resistivity wvalues produced by the inversian
subrouting. If vou wish, vou dizable this check.
Selectyour choice below.

' Check model resistivity for extreme values
" Do not check model resistivity for extreme wvalues

K, | Cancel
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10.4 Data/Display Selection
This section has options for display of the sections during the inversion. The following sub
options will be shown on selecting this option.

,‘.3! RES2DINVx64 ver. 4.8.1 :- 921
File Edit | Change Settings | Inversion Display Topography Options Print Help

Inversion Damping Parameters 4

Forward modeling method settings
Inversion Progress Settings 4

Data/Display Selection k 4 Option for contour intervals

Save inversion parameters Vs S fPR et 27, it

Read inversion parameters

10.4.1 Option for contour intervals

By default, the program will use logarithmic contour intervals for the gssctions and model
sections when displaying the results in the “1lnv
choice for most data sets. However, you can choose to use the linear or the user defined contour intervals
options if you wish.

g N
Contour interval option

By default, the program will use logarithmic contaur intensals when
it displays the apparent resistivity pseudosections and the model
resistivity section in the least-sguares inversion subroutine. In
most cases, this will give the bhest results. Howewer, if you wish,
wou can use linear or a user defined contour intersals.

" Linear contaur intervals

f+ Logarnthmic contour intervals

" User defined linear contour intervals

" User defined logarithmic contour intervals

QK | Cancel |

10.4.2 Type of gradient array plot

There is currently no standard method to plot the apparent resistivity data from surveys with
gradient array. There are probably two types of surveys with the gradient array. The first and traditional
type survey useery few different CiC2 positions (usually only one with C1 and C2 located at the two
ends of the line) but many different P2 positions. This was mainly used in mineral exploration
surveys. The second and modern type, mainly used with-ohatinel multelectrode resistivity meter
systems, uses many different -C2 positions (a multiple gradient array). To accommodate both
possibilities, two types of data plotting options are available. As most surveys will likely to be carried out
using the second typef survey with multiple C4C2 positions, this is described in more detail. The
papers by Dahlin and Zhou (2004, 2006) have some information about such surveys. On selecting the
‘“Type of gr aoptiom thd follawng dialog boxsisishown.

B ' Methed of plotting gradient array pseudosection l—'S__"hJ

At present, there is no universal method to setthe position of the data
points for the gradient array. v'ou hawve 2 choices in this program. One
method is to use an approximate pseudodepth that is anly dependent on
the distance current electrode and the potential dipole length. The second
method is to use the exact pseudodepth which also depends on the
position of the potential dipole with respectto the current electrodes.

" Use approximate pseudodepth f* Use exact pseudodepth

(0]:4 | Cancel
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The * Us e exact pseudodepth’ choice i s t he def
automatically change to the approximate pseudodepth method if it finds the exact pseudodepth method is
not suitable for the data file, such as for surveys with the tradittgpelof gradient arrays where only a
few C1-C2 positions are usedrigure 25 shows a plot of the data from a survey using the multiple
gradient array by Aarhus University (for the Danish Road and Highway Assogiatiche form of
profiles. Note that each pseudodepth is split into two profiles shown in different colors. There are two
arrangements with the same pseudodepth forsgammetrical configurations of the gradient array
(Figure 26). The distance between the C1 and C2 electrodes are the same, but the offset é?2he P1
dipole from the C1 electrode in (a) is the same as the dipole offset from the C2 electrode in (b). However,
the two configurations are sensitive tdfelient parts of the subsurface (Dahlin and Zhou 2006). To
provide a smooth plot for the profile, the dat a
different profiles.
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Figure 25. Plot of a multiple gradientreay data set in the form of profiles using exact pseudodepths for
the CROMER2.DAT file.
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Figure 26. Two different configurations of the gradient array with the same pseudodepth but with the
potential electrodes at different sidefsthe array. Gradient array configuration with (a) right parity and
(b) left parity.
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If the program finds that it is not practical to plot the profiles using the exact pseudodepth, it will
automatically switch to the approximate pseudodepth method.debr@tC2 spacing, the data is split
up into several profiles that are plotted using different coleigufe27). Figure 28 shows the inversion
model of the CROMERO02.DATala and the apparent resistivity pseudosections.
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Figure27. Plot of a CROMER2.DAT multiple gradient array data set in the form of profiles using the
approximate pseudodepth method.
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Figure28. The invesion result of the CROMERO2.DAT data set with the apparent resistivity and model
sections.
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10.5 Inversion parameters

You can save the inversion settings used in a text file so that the same settings can be used for different
data sets. Note when the prag starts up, it will automatically read the inversion parameters in a file
RES2DINV.IVP located in the same folder as the RES2DINVx64 program which stores the default
settings. You can change the default settings by changing this file.

10.5.1 Save invesion parameters
This option saves the inversion parameters into a file with the IVP.

10.5.2 Read inversion parameters

This option reads back the parameters stored in a file with the IVP extension and uses them in the
program. RES2DINV_NEW.IVP is an arple file that contains more inversion parameters. These files
can also be used by the ‘Batch mode” option.
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11 Inversion menu options

This option enables you to carry out the inversion of the data set that you had read in using the
"File - Read data " option. You can also display the arrangement of the blocks used by the inversion
model, as well as to change some of the parameters that control the inversion process. On selecting this
option the following menu will be displayed.

Klﬁ! RES2DINVx64 ver. 4.8.1 :- 921 - D:\Res2dinvx64\GRUNDFOR.DAT
File Edit Change Settings | Inversion | Display Topography Options Print Help
Carry out inversion k

Calculate region of investigation index

Inversion methods and settings r
Model discretization r
Model sensitivity options r
LP. options r
Batch mode options r

11.1 Inversion options

11.1.1 Carry out inversion

This option will start the leastquares inversion routine. You will be asked for the name of the
output data file in which to store the results, and the contour intervals for the pseudosections if you had
chosen the usedefined option for the contour intervals. During the inversion process, after each
iteration, the program will display the inverse model section on the screen. If a conventional array data
set is used, the measured and calculated apparent resistividopsetions will also be displayed.

11.1.2 Calculate region of investigation index

This option carries out two inversions of the data file using different reference resistivity values
(Oldenburg and Li 1999). To use it, first read in the data file,Xamgple the beta.dat file. Next go to the
'Inversion' menu, click the second menu option from the top called 'Calculate region of investigation
index'.If you had not earlier selected the settings to be used for the DOI calculation (see section 11.2.12)
a dalog box with the list of parameters will be displayed. After setting the parameters, the program will
then carry out the inversion of the data set twice using difference background reference models (section
11.2.5). The results will be saved intwo fiwd t h an ‘i nv extension. A re
saved in a ‘txt’ file. This *"txt’ file can be us:
for the DOI display. As an example, if the data file beta.dat was used, thamragt produce the files
beta DOIL.INV, beta DOI2.INV and beta_DOI_FILES.txt. Please refer to Appendix F for more details
on the DOI calculation method.
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11.2 Inversion Methods and Settings
These set of options allow you to select the type of regulanmexnision method to us&he following
list of suboptions will be shown on selecting this option.

,Es! RES2DINVx64 ver. 4.8.1 :- 921 - D:\Res2dinvx6N\GLADOE2 DAT 8
File Edit Change Settings |Inversion | Display Topography Options Print Help

Carry out inversion

Calculate region of investigation index

Inversion methods and settings k 4 Select robust inversion

T — N Modify smoothness-constrained least-squares method

Choose logarithm of apparent resistivity

Ttivi il 3 -
Meds] seneiny epners Type of method to solve least-squares equation
LP. options 4 Use reference model in inversion
Batch mode options 4 Fast inversion of long survey lines or large data sets

Use fast Jacobian routines for dense data sets
Set time-lapse inversion settings

Floating electrodes survey inversion method
Limit water extent for underwater electrodes survey

Set DOI parameters

11.2.1 Select robust inversion
This allows you to select the smooth (L2 norm) or the robust/blocky (L1 norm) inversion
method. Selecting this menu saption will bring up the following dialog box.

r -
1 | Select robust inversion L&J

SelectLl or L2 norm
Y'ou can choose the standard least-squares constraint that attempts to minimize
the square of the difference between the obhserved and calculated apparent
resistivity values, or a robust constraint which is less sensitive towery noisy data
points but might give a higher apparent resistivity RS error.

Selecttype of data inversion constraint
* “fes - use robust data constraint " Mo -use standard data constraint
Enter robust data constraint cutoff factor . |0.0500

If the subsurface resistivity changes in & smooth manner, use the standard least
-squares model constraint. If there are sharp boundaries, choose the robust
model imversion constraint.

Selecttype of model inversion constraint

* “fes-use robust model constraint © Mo - use standard model constraint
Enter robust model constraint cutaff factor [0 0050

Do wou want to reduce the effect of the side blocks on the inversion process?
This might reduce the occurence of wery high orwvery low resistivity values at
the sides of the model when the rabust model inversion constraint is used.

& “Yes-reduce effect of side blocks ¢ Mo -do notreduce effect of side blocks
Limit range of model resistivity values?

& Yes - limit resistivity range " Mo - do notlimit resistivity range

Do wou want to enable all of the abowve options?

" Yes - enable all ofthe options * Mo -donotenahble all of the options

QK | Cancel |

The conventional leasiquares method (‘'standard data constraint’) will attempt to minimize the
squareof difference between the measured and calculated apparent resistivity values. This method gives

reasonb |l e resul ts if the data contains random or “
“outlier” data points (-wahdem sourdeshsuch mistakeseor eguipmens f r
problems), this method i s pbirdscauld haze aigedt mfluegncerorythe Su ¢
resulting inversion model. To reduce the effect

data constraint’) inversion method where tigsolute difference (or thefirst power) between the
measurednd calculated apparent resistivity values is minimized can be used (Claerbout and Muir 1973).
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There is a cubff factor which controls the degree in which this robust data constrain is used. If a value
of 0.05 is used, this means the effect of data paiftere the differences in the measured and calculated
apparent resistivity values are much greater than 5 percent will be greatly reduced.

The conventional smoothnesenstrained least squares method (deGHwmatlin and Constable
1990) also attempts to mimize thesquareof the changes (L2 norm) in the model resistivity values. This
will produce a model with a smooth variation in the resistivity values. Such a model is more suitable
where subsurface resistivity also changes in a smooth manner @toke 2003). However, if the
subsurface bodies have sharp boundaries, such as theedmikk interface or massive homogeneous
bodies, the conventional leesjuares smoothnessnstrain method tends to smear the boundaries. If the
robust model constrained iersion method is used, the program will attempt to minimizeabisolute
changes in the resistivity values. This constraint tends to produce models with sharp interfaces between
different regions with different resistivity values, but within each regienrésistivity value is almost
constant. This might be more suitable for areas where such a geological situation exists, such as the soil
bedrock interface.

As an exampleFigure 29 shows the inversion results farsynthetic model with a faulted block
(with a resistivity of 50 ohm.m) in the botteleft side and a small rectangular block (1 ohm.m) on the
right side within a surrounding medium with a resistivity of 10 ohm.m. A test data set was generated for
the Wenmr array Figure 29a). The model produced by the standard legsares method has a
gradational boundary for the faulted blodkigure 29b). In comparison, the model pramkd by the
robust model inversion method has sharper and straighter boundrgies 29c). A field example with
sharp boundaries was shown earliefFigure 14 for the Magusi River resistivity and IP data set. The
main structure, the massive sulphide ore body, by nature has a distinct and sharp resistivity/IP contrast
with the surrounding igneous/metamorphic country rocks. In the RES2DINVx64 program, this robust
model opon can be selected by clicking the *“Robust
i nversion” di al odffattoo which cbrtrels tee dégsee ia whichu this robust model
constrain is used. If a large value is used, for example 2 0esult is essentially that of the conventional
smoothnessonstrained leastquares inversion method. If a very small value is used, for example 0.001,
the result is close to the truenbrm inversion method.

a). Fault and block model

Heasured Apparent Resistivity Pseudosection

b). Standard least-squares smoothness-constrain

Depth Iteration 6 RHMS error = 8.3 %
a.8 16.8 32.8 48.08 n.
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Figure 29. Exampe of inversion results using the smooth and robust inversion model constraint. (a)
Apparent resistivity pseudosection. The inversion models produced by (b) the conventiorsa)Uuasess
smoothnesgonstrained method and (c) the robust or blocky invenrsietiod.
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11.2.2 Modify smoothnessconstrained leastsquares method
Selecting this option will bring up the following dialog box.

Medify smoathness constrained least-squares method

“r'ou can selectthe option to apply the smoothness constraint in the least-squares
equation on the madel perurbation vectar anly, or apply it an the madel resistivity
values as well. For cases with wvery noisy data better results might be obtained by
applying the smoothness constraint on the model resistivity values as well. While
for the same damping factors this usually produce a model with a larger apparent
resistivity BMS error, this modification will ensure thatthe resulting model shows
a smoathervariation in the resistivity values.

f* “Yes-use smonthness constraint model resistivity values as well

" MNo-apply smoothness constraint only on model change wector
This option combines the Marguardt or damped least sguares method with the
smoothness-constrained method. It seems to give better results in resolving
compact structures where the width and thickness are slightly smaller than the
depth, such as a cawve or ore-body.

" “es-include damped least-squares constraint

+ MNo-use smoothness-constraint only

(0]4 | Cancel |

The first option in the dialog box allows the user to apply the smoothness constraint on the model
change vector alone, olsa on the model resistivity values. Applying the smoothness constraint on the
model change vector alone modifies equation (4.1) to the following form which is used by some
researchers (Sasaki 1992)

T — 1T
(9073 +/F)pg=3Tg (11.1)
where (pq is the model parameter change vector.

This second option, combining the damped least squares method with the smeothness
constrained method, is intended for use in unusual situations where the data sensitivity values of the
model blocks are sigficantly distorted by large resistivity variations. It modifies the lsastares
equation to the following form.

(073 +/ (F+1))pq=3"g - /Fq,, (11.2)

In some situations, such as a survey over a very low resistivity body, the current paths couldtbd distor
such that parts of the subsurface are not well mapped and have very low data sensitivity values in the
inversion model. This could lead to large distortions just below the low resistivity body. By combining
the Marquardt (or ridge regression) and Occ@n smoothnessonstrained) inversion methods, the
distortions in some cases might be reduced. This option should be used as a last resort if everything else
fails! It seems to give better results in resolving compact structures where the width andsthiaien

slightly smaller than the depth, such as a cave ebody whose size is just slightly less than its depth.

11.2.3 Choose logarithm of apparent resistivity

By default, the program will use the logarithm of the apparent resistivity values aktthe
parameter when carrying out the inversion. For most cases, this gives the best results. In some cases, for
example with negative or zero apparent resistivity, this is not possible. This option enables the apparent
resistivity value by itself to be ad for such situations.

-

Choose logarithm of apparent resistivity

“'ou can selectto use the logarithm of the apparent
resistivity values in the inversion, or directly use the
apparent resistivity values.

* Use logarithm of apparent resistivity

" Use apparent resistivity

(0]:4 | Cancel
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11.2.4 Type of method to solve leassquares equation
This option allows you to choose two different methods to solve thedgaates equation (4.1).
On selecting this menu option, the following dialog box will be shown.

N
Type of methed to solve least-squares equation

There are two methods to sohve the least-sguares equations. The standard Gauss
-Newton method uses a direct method to sohve the leastsguares equation, while
the incomplete Gauss-Newton uses an iterative method. The standard method
gives an exact solution, while the incomplete method gives an approximate solution
with an accuracy that depends on the convergence limit chosen. The incomplete
Gauss-Newton method is recommended for data sets with mare than 3000 data
points or model cells where it can greatly reduce the computer time required.

" Use standard Gauss-Newton @ Use incomplete Gauss-Newton
Enter convergence limit for the incomplete Gauss-Newton method. A value of
hetween 0.005 and 0.02 {i.e. 0.5 t0 2% accuracy) is normally used.
Convergence limitforincomplete Gauss-Newton method : [0.0100

Use scaling forincomplete Gauss-Newton method? Scaling could significantly
reduce the computer time for some wvery large data sets and models.

" Mo -do notuse scaling. + Yes-use scaling.

\ 4

The' St andaiNé& wGa n-sgeares mathod, that calculates an exact solution of the
leastsquares equation, should be used if the number of data points and/or model cells is small (less than
a few thousand). If the number of data points and/or modslisdbarge (more than a few thousand), the
time taken to solve the leasfjuares equation could be the most ttbasuming part of the inversion
process. To reduce the inversion time, an alternative method that calculates an approximate solution of
the lmasts quares equation usiNegvtiomé memn domp lcatne b&a uusss
iterative linear conjugatgradient method to solve the leasjuares equation. The user can set the
accuracy of the solution. For most data sets, an accuracy df Haofi.e. a convergence limit of 0.01 in
the above dialog box) seems to provide a solution that is almost the same as that obtained by the
‘*StandaNdwGanss met hod. Setting a higher accuracy
resultthatiseen cl oser to tNeewt‘o$t amdeatrhdo dGabuusts t hi s i s a
inversion time. The incomplete Gaddswton method has an option to scale the matrices in order to
improve the convergence of the iterative method used.

11.2.5 Use refeence model in inversion

The leastsquares equation (4.1) minimizes a combination of the model smoothness and the data
misfit. Sometimes, an additional constraint is used where the model must be 'close’' to some reference
model as shown below.

(973 +/ (F+m))epg=37g - /Fa, - / o, - dn) (11.3)
An additional damping factarthat controls the degree where the inversion model is ‘close’ to a

reference modef|m is used The reference model is usually a homogeneousspalée model. The
following dialog box shows the settisghat can be selected by the user.

-
Use reference model in inversion

A background reference model helps to stabilize the inwversion model by reducing
lamye departures from a fixed resistivity walue. A homogeneous reference model
will be used. Selectyour choice below.

* ez -lse reference maodel " Mo-donotuse areference model

The damping factor for reference model controls the degree which the resistivity
wariations from the background model is constrained. A larger damping factor will
resultis smallervariations. A value of between 0.01 and 010 is normally used.

Feference model damping factor: {0010

“¥'ou can choose to use the default reference resistivity walue (usually the average
of the apparent resistivity wvalues) or a user defined reference walue.

v Default reference value " User defined reference value
User defined reference resistivity value :  [100.00

Ok | Cancel |
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The user can set the damping factay &s well as the resistivity for the reference model. By
default, the program will use the average of the apparent resistivity values as the constant resistivity
reference modeHowever, this reference resistivity value can be changed by the user.

11.2.6 Fast inversion of long survey lines
Clicking the '"Fast inversion of long survey | in

-

Fast inversion of long survey lines

The time taken to calculate the Jacobian matrix can be reduced by using an optimized algarithm
that minimizes the number of computations required. The end resultis the same as the standard
algaorithm but the time taken can be significantly reduced. Use optimized Jacobian algaorithm?

f* “Yez-use optimized Jacokian calculation " Mo-use normal calculation algarithm

This data sethas 6912 electrode positions with hitratio 0.94.

The options below can greately reduce the calculation time without significantly affecting the
accuracy of the results for long survey lines of mare than 200 electrodes. The inwversion time can
be reduced to about one-guaner of that required compared to the default methods.

Y'ou can selectwhether to use afast method to calculate the Jacobian matrix of rapidhy, oruse
the standard method which is slower but slightly more accurate. This option is useful for sunsey
lines with maore than 200 electrode positions. Howewer, this method is not recommended if the
maximurm apparent resistivity value is more than 1000 times the minimum value.

Ise fast calculation of Jacokian matrix?

' “es - use fast approximate method " Mo-use standard exact method
The following sparse inversion option is intended for even longer survey lines with more than 500
electrodes positions. Do wou wantto use sparse inversion techniques?

@ “Yes - use sparse inversion method " Mo -use standard method

Far sparse inversion, if the ratio of the minimum distance between two electrodes in an array is
rmore than 4 times the nominal distance between electrodes positions along the line, yvou can use
the option to set 1 mesh node between the elctrode positions to reduce the calculation time.
Ratio of minimum electrode separation in an array to data sampling spacing: 16.00

& Yes-use 1 meshnode " Mo-use atleast 2 nodes

(0] 4 | Cancel

The first option is to use an optineid method to calculate the Jacobian matrix. This can
significantly reduce the calculation time without affecting the accuracy of the values and should give the
same inversion model as the default method.

The second method is to use a fast method to eddcuhe Jacobian matrix by excluding the
model cells that are far away from the electrodes used in an array. The Jacobian matrix values and thus
the inversion model will be slightly different from that obtained using the standard method, but the
differenceis normally small (less than 5%).

The third method, using sparse inversion techniques, is intended for long survey lines with 500
electrodes positions or more. This method will still produce a contiguous model along the entire survey
line but takes advaage of the sparse nature of the Jacobian matrix to reduce the number of calculations
needed. The results will be slightly different (usually less than 5%) from that obtained using the standard
method. If the sparse inversion method is selected, the asechmwose the option to set 1 horizontal
mesh node between adjacent electrode positions. This should only be used if the data collection interval
is much less than the spacing between the electrodes in an array. This normally occurs when a mobile
system isused for the data collection. As an example, an OhmMapper system might use a spacing of 5
meters between the dipoles in the cable setup. However, it is possible to take readings at every 1 meter by
pulling the system along the ground surface. In thig,ctse data sampling interval is efiigh the
spacing between the electrodes in a single array. The inversion time can be reduced by slightly more than
half by setting a 1 node interval between the electrodes positions occupied compared to the default 2
nodes option.

e ¢
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11.2.7 Use fast Jacobian routines for dense data sets

This option uses an optimized routine for calculating the Jacobian matrix values for data sets
where the number of data points is much greater than the number of electrodes used gntimeakin
measurements. It uses an alternative algorithm to calculate the Jacobian matrix values which can be
significantly faster than the standard routines. The expected reduction in the calculation time for the
Jacobian matrix will be displayed in the diglbox. As a guide, this option should only be used when the
expected reduction is more than 20%. Note for some very sparse data sets, this routine can be even
slower than the standard method. This will be indicated by a negative value for the expectohradu
the calculation time.

Use fast Jacobian calculation for dense data sets

This option is intended for data sets with weny dense data sets where
the number of data points is much larger than the number of active
electrodes in the survey grid. The estimated percentage reduction in
the calculation time aver the standard method is shown below. This
method should only be used it the reduction is more than 20%. Forwvery
sparse data sets, this method might be even slower than the standard
method (will be shown by negative value below).

Estimated reduction in Jacobian calculation time : 41.8%

+ Mo, use standard routines " Yes, use fast Jacohian routines

(0] | Cancel |

' 4

I f this option i
surveys |lines’

S sel ect ed, the first t wo se
wi || be automatically turn off

11.2.8 Set timelapse inversion settings

To study the changes of the subaud resistivity with time, D surveys are repeated over the
same line at different times. Such studies include the flow of water through the vadose zone, changes in
the water table due to water extraction (Barker and Moore 1998), flow of chemical pelananieakage
from dams. The settings used by the inversion method are shown below.

Set time-lapse inversion settings

Flease enterthe cross time model damping factor. Awalue of 0.5t0 5.0 is normally
used. lf awalue of 0.0 is used, the inversion of the differenttime series data sets

will be caried outindependently. If avalue of 1.0 is used, equal weight will be
given to recucing the difference between the maodels at differenttimes and the
individual model roughess. Use a larger damping factor for more noisy data sets
to reduce artefacts in the models caused by the noise.

Time lapse damping factor: 05000

This refers to the type of constrain to be used in the time-lapse inversion. ou can
choose to hawve no constrains, where the inversions for the differenttime data sets
are carried outindependently. This is probably notthe best possible choice since
itis expected that the resistivity model for the later time data set are closely
related to the model for the preceding data set. Y'ou can choose a constraint to
ensure the changes in the resistivity walues of the corresponding model blocks are
smoath, ar that they are blocky.

" Mo constraints * Smooth changes " Blocky changes

Ok | Cancel ‘

The timelapse inversion equation (Kiet al.2009) is given by

373, +elF +IMTRM)|opq =37g, - dF +UM "R M)q, (11.4)
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The relative importance given to minimizing the difference betweedets at different times is
controlled by the time lapse damping fac#rA larger value of the tim&apse damping factor will force
the different time models to be more similar but at the expense of a larger data misfit (&uaker
2011a). The user paalso modify the timelifference roughness filter to select smooth or blocky
differences between the time models (Kim 2010; Lekal.2014).

11.2.9 Floating electrodes survey inversion method

This set of options is for data from a survey with floatélgctrodes where the thickness and
resistivity of the water layer was measured during the survey. On clicking thigpsoh, the following
dialog box is displayed.

' N
Floating electrodes survey inversicn method

There are two options to invert data setfrom a survey using floating electrodes. In the
first method. the water layer has a fixed resistivity and the model section below the
water bottom has a constant thickness. This method warks well when the maximurm
water depth is much less than the maximum depth of penetration of the survey setup. If
the water thickness is a significant fraction of the depth of penetration, it might be
better to incorporate the the water layer into the model section.

 Use fiwed water layer & |ncorporate water layer into the model

[fwou selectthe option to incorparate the water layer in the model, you can choose to
minimize the resistivity wanation within within the water layer or to allow the water
resistivity to wary freely. Choose the first option if the resistivity of the water layer

is accurately known, otherwise selectthe second option.

& Minimise water resistivity varation ¢ Allow water resistivity to vary freely
[fwou had selected the option to minimise the water layer resistivity variation, the
following darmping factor value contrals the degree which water resistivity is allowed
towary. A higher value will results in a smaller resistivity variation.

\Wiater resistivity wariation damping factar : |4|:|—

“'ou can impose a sharp boundary constraint between the water bottom and the
underlying layer. This allows sharp changes in the model resistivity across the
boundary. Y'ou can also select a gradual change across the boundary.

& Selectsharp change i Choose gradual change

Ok I Cancel |

e —————————————

There are two methods that can be used for the inversion of the data set. The fiiost (bse
fixed water layer) is more suitable when the maximum thickness of the water layer is small (less than
20%) compared to the maximum depth of investigation of the survey configurBigure 30 below
showsthe inversion of the WATER_FLOAT.DAT data set using this method. A distorted-&hgtaent
grid is used to model the water layer. The maximum thickness of the water layer in this example is 2.5
meters that is small compared to the maximum depth of igadisth at about 15 meters for the data set.

Floating electrodes survey
P$-Z g0 16.0 32.0 u8.0 o1.9 80.0 96.0 n.
0.892
2.4
3.85
5.58
6.97

9.62
1.5

14.6
Heasured Apparent Resistivity Pseudosection

Hodel resistivity with topography
Eley.  Iteration 7 Abs. error = 0.45
0.6,

-2.00
4. 00,
6. 00
8. 00
-18.0
“12.0
~1n.0
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Figure 30. Example of inversion model with a fixed water layer. The inversion results of the
WATER_FLOAT.DAT data is shown where the resistivity water layer (represented by the tdpyaue
in the model section) is fixed and model extends from below the water bottom.

128
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In cases where the thickness of the water layer is significant, a second inversion method
(Incorporate the water layer into the model) is more suitable. The water lajienss included into the
inversion model. This method has two inversion settings. In most cases, the resistivity of the water layer
does not vary significantly along the survey | i:1
variation of water rei st i vi ty’ is selected. However, to acc
variations in the water resistivity (such as in a mixing zone between fresh and saline water), the option
“All ow water | ayer resistivity to vary freely’ C ¢

The subarface material below the water layer frequently has a much higher resistivity than the
water . The option ' Select a sharp change across
contrast is allowed between the water layer and the subsurfiaiseoftion uses the method described in
section 7.10The program automatically adjusts the thickness of the model layers and divides the model
cells into those belonging to the water layer and the subsuFapee 31 shows the arrangement of the
model cells for one of the survey linakbng the S&o Francisco River, that divides the Bahia é3W)
Pernambuco (PEtates, near th8anta Maria da Boa Vistety (PE), northeast of the Brazil (Rodrigo
Machado pers. Gom.). In this survey, a dipotdipole type of configuration was used with 5 meter
dipoles. However, the readings were taken every meter that gives a data set with a nominal unit electrode
spacing of 1 meter. To reduce the number of model cells and takaugsideration that the resolution of
such a survey is very unlikely to be better than half the dipole length, the width of the model cells was set
at 3 times the unit electrode spacing (section 11.3.7), i.e. basically 3 meters for almost the entire secti
Also, note that the depth of the water at some places is greater than maximum median depth of
investigation (as indicated by the data points markers). However, the program sets the depth of the layers
such that there is at least one model layer befmwtater bottom (represented by the dark blue line). The
cells below the water layer are marked as light blue in the figure below. A sharp resistivity variation is
allowed in the inversion method used between the two sections.

The apparent resistivity psgosection and inversion model for this data set is shoviiguare
32. In this inversion, the resistivity variation within the water layer was minimized. Thus, the water layer
resistivity is generally uniform excepowards the left end of the survey line where there is not much
data. There is also an indication that between the 190 and 220 meter marks, -thafaearriverbed
material consists of low resistivity sediments.

Surveys with floating electrodes are dtently carried out using a cable with a number of
electrodes pulled behind a boat, usually with a ralidnnel resistiviymeter system controlled by a
computer linked to a GPS system. A 5 meter spacing between the electrodes takeouts is commonly used
together a dipolalipole type of array configuration (not necessary symmetrical). The boat moves
continuously and the measurements can be made at arbitrary intervals although the dipole length is 5
meters. Frequently, the measurements are digitized to évewgter position. Thus, the active electrode
positions are 1 meter apart that is much smaller than the dipole length of 5 meters. This can result in very
long survey lines, and very large inversion models with the default settings of the inversion pagram.
number of options have been added to the program to reduce the inversion time for such data sets.

The resolution of the survey setup is unlikely to be very much better than the dipole length
particularly if there is water layer of significant thickndstween the cable and the subsurface. The
program normally uses a model where the widths of the model blocks are set to be the same (or half) as
the distance between the electrode positions along the line. This is reasonable for normal land surveys
with a static cable setup. For floating electrodes survey, since the distance between the electrodes
positions (1 meter) is much smaller than the dipole length (5 meters), this results in a model that is too
fine. To avoid this, s Blodel Discretzgiidrd Conma nwgred ewi dtt hhe o'f |
menu described in section 11.3.7. Since the horizontal resolution of the data is unlikely to be better than
half the dipole length, it is recommended that the width of the model cells be set at 3 timed the
electrode spacing (for the situation with 5 meter dipoles and 1 meter data spacing). This will greatly
reduce the number of model cells in the inversion model. The time taken to calculate the apparent
resistivity (and the corresponding Jacobianmajri can be greatly reduced by
method described in section 11.2.6.

It is assumed that the survey line is straight whenaiversion approach is used. In cases
where there are strong water currents this is no longer true mowiiebe distortions in the resulting
inverse model. If there are significant deviations in the direction of the survey line, a better method will
be to use a-B approach in modeling the dafauckeret al.2011H.
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Figure 31. Arrangement of model blocks and the water bottom boundary for an arrangement with the
water layer incorporated into the inversion model.
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Figure 32. Inversion model for the survey with floating electrodes alongathag the Sad-rancisco
River in Brazil The thin black line indicates the water bottom boundary.

11.2.10Limit water extent for underwater electrodes survey

This option can only used if you had read in a data file with underwater electrodes and where the
limits of the water layer was less than the line length, such as a survey across a dam or levee. When the
program reads in such a data file, it will automatically enable the option to limit the extent of the water
layer based on the left and right limits set in théadde. This option also allows the user to set the
resistivity of the mesh cells outside the water covered region using the dialog box below.

Limit extent of water layer in underwater survey &J

This option is only relevant for a survey with electrodes on the water bottorm and all
the electrode are underwater. Mormally it is assumed the water laver extends to the
left and right edges of the finite-slement mesh used. This option allows you to limit
the water layer to the distances given by the left and right limits specified in the
data file.

Mo limit to extent water layer @ Limit extent of water layer

If the horizontal extent of the water laver is limnited, the following value sets the model
resistivity beyond those limits. Normally the resistivity of the leftmost and rightmost
cells in the top layer of the inversion model are used 1o set the resistivity of top raws
of cells in the mesh to the left and right edges of the finite-element mesh. Touse a
higher resistivity value. set a higher value (such as 1000.0 to simulate air] in the box
below. The resistivity of the leftmost and rightmost model cells will be multipled by this
factor to set the resistivity of the mesh cells.

Enter factor to multiply resistivity of mesh cells . 1000 0

Cancel
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11.2.11Set DOI parameters

This option allows the user to set the settings for the calculation of the afejthestigation
(DOI) calculation. The DOI method is based on carrying out the inversion of a data set using two
different background reference modé@ddenburg and Li 1999). Normally the first and second reference
models are set at oitenth and ten tims the average apparent resistivity value. In areas where the
inversion models are well constrained by the data, the inverse model values should be similar. In areas
with little information, the inverse model values will be largely determined by the mefereodel used.
The various inversion settings can be set using the dialog box below.

Set Depth of Investigation (DCI) Parameters

The DOl methods uses twa different reference madels. The reference resistivity values are
usually set a one-tenth and ten times the average apparent resistivity values. You can change the
multiplication factors forthe first and second models below.

First model reference factor - (010 Second model reference factor (10,00

Optimize inversion settings for DOI calculation? - * Yes " Mo
Damping factar far reference model (0.0Z to 0.20) - 0.050

Instead of the rmultiplication factors, wvou can choose to directly setthe reference background
resistivity for the first and second models.

Type of background reference model - & hultiplication " User defined

Ifyou had selected the user defined resistivities, vou need to enter the first and second model
reference resistivities below.

Firstmodel resistivity - [1.076 Second model resistivity - [107.5
Marrnally the smoath (L2-norm) inversion method is used for the DOI calculations.
Selectinversion method - @ Smoath (L2-norm) " Robust (L1-narm)
Factor to extend depth range for DOl model (3.0t0 60y - 500
MNumber of iterations for optimization routine (2 to 4) - ’4_

Ok Cancel

Reference model resistivity multiplication factofhis sets the resistivity value for the reference model

used in the two inversions. The reference model resistigigg is the multiplication factor multiplied by

the average apparent resistivity value (which is the default reference resistivity value). For example, if
the average apparent resistivity value is 100 ohm.m, the program will use reference resististyfvalue

10 and 1000 ohm.m respectively for the first and second inversions (assuming the default values of 0.1
and 10 are used for the multiplication factors).

Optimize inversion parameters for DOI calculatiofhis will automatically set the optimum invesai
parameters (such as the thickness and number of layers, damping factors) for calculating the DOI.
Damping factor for reference modelThis sets the damping factor that constrains the inversion model
resistivity to the background reference resistivitgydel. Normally a value of between 0.01 and 0.10 is
used.

Background reference modeAs an alternative to using the multiplication factors to set the low and high
reference resistivity models, this option allows the user to directly specify the refegsistioity values.

Type of inversion methadThe smooth or L2 norm inversion method should normally be used for the
DOI calculations. This generates relatively smooth DOI sections. The robust (or L1 norm) method tends
to produce models with sharper bdanies. This can cause problems in the DOI distribution as a small
mismatch in the boundary can cause spurious large DOI values near the boundaries.

Factor to extend depth rangeThe success of the DOl method depends on extending the depth to the
deepestayer well beyond the region where data has a significant influence on the inversion results, i.e.
where the DOI is expected to approach 1.0. To ensure this, the depth range of the model should be
extended several times the maximum median depth of inaéstigof the data set. Using a larger factor

will increase the number of model cells and thus the computer time, so a value of about 3.0 is normally
used. This option only affects the model for surface surveys, i.e. it does not affect the model used for
borehole surveys where the number and depth of the layers is determined by the borehole electrodes. To
extend the depth range for the model used for bo
el ectrodes in the datlaelettrodee bel ow the ‘active’ b «
Number of iterations For the DOI calculations, it is recommended that a small nhumber of iterations
should be used (usually about 3). The reason is that if a large number of iterations is used, the inversion
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process attempts to fit the neisn the data in the later iterations. This can cause anomalous model
resistivity values which in turn cause distortions in the DOI pattern.

11.3 Model discretization

These options allow you to modify the way the program subdivides the subsurfacdlstoate
is used as the inversion model. The following list of-epbions will be displayed when this option is
selected.

55! RES2DINVx64 ver. 4.8.1 :- 921 - D\Res2dinvx6\LANDFILLDAT
File Edit Change Settings |Inversion | Display Topography Options Print Help

Carry out inversion

Calculate region of investigation index

Inversion methods and settings 4
Model discretization k 4 Display model blocks
Model sensitivity options b Change thickness of layers
: Modify depths to layers
U @ ies ' Use extended model
Batch mode options 4 Use model with blocks of same widths

Reduce effect of side blocks
Change width of blocks

Use model refinement

Set left and right limits of model
Type of cross-borehole model

11.3.1 Display model blocks

This option will display the distribution of the model blocks and data points. The data points will
be plotted at the median depth of investigation (Edwards 1977) for the arrayiggaed33 shows three
possible arrangements of the model blocks for the same data set.

11.3.2 Change thickness of layers

In this option, you can set the thickness of the layers used in the inversion model by setting the
thickness of the first layer and the rate at which the thickness of each successive deeper layer increases,
as shown by the following dialog box.

B ' Change thickness of layers [&J

“Y'ou can setthe thickness of the layers in the inversion model by setting the
thickness of the first layer, and the rate at which the thickness of each
subsequent deeper layer increases with depth,

User model layerthickness seftings

Ratio of first layer thickness to the unit electrode spacing: 05000
Rate atwhich the layer thickness increases with depth - [1 1000
Unit electrode spacing is 2.50

Model parameters limit
Allow number of model parameters to exceed number of data points?
¥ “es " Mo

The depth to the deepest layer will normally be set at the largest depth of
investigation of the arrays used in the data set. Howewver, wou can increase
the depth range of the model by changing the factor below.

Factorto increase model depth range (1.0to0 5.00; 1.1000

o] | Cancel |

When the programmeads in a data file, it will normally set the first layer thickness using the
minimum pseudodepth of the data points. For surface surveys, since the resolution decreases with depth,
the thickness of the layers is normally increased by between 5 to 18h%each deeper layer. The
program normally uses a model where the depth to the deepest layer does not exceed the maximum
pseudodepth in the data set. To use a model that spans a deeper depth range, you can change the factor to
increase model depth rander example from 1.0 to 1.30 to increase the model depth range by 30%.
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Blue Fidge Province dipole-dipale survey line

(a). ARRANGEMENT OF MODEL BLOCKS AND APPARENT RESISTIVITY DATA POINTS
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Figure33. VDifferent possible arrangement of model blocks for the same data set. (a) Using wider blocks
at sides and bottom, (b) blocks of equal widthnfodel blocks extended to ends of survey line.

11.3.3 Modify depths to layers

This option allows you to change the depth of each individual layer used by the inversion model.
You can adjust the depths manually so that some of the boundaries coincideavith #epths from
borehole or other data. The following dialog box will be displayed when this option is selected. In the
box, the depths to the layers are listed. The depths listed can be changed manually.

f B ' Modify depth of layers M1
Layer Mew Depth  Present Depth Layer MewDepth PresentDepth
1 |5.DD 5.00 21 | MNane
2 [fos 105 e [ Nane
3 [ies 165 a o [ None
4 Jzaz 232 24 [ Nane
g E 0.5 25 [ Mone
E T 186 25 [ Mone
7 [aza 474 o Mone
a [f72 57.2 w Mane
9 FE 67.9 [ Nane
o Far 79.7 s [ Nane
no a2z 927 noo None
12 [es 106.9 2 [ Nane
13 [ze 1226 13 [ Mone
14 [ None 34 [ MNaone
15 [ None 35 [ MNone
16 l— MNone 36 l— Naone
17 l— MNone 37 l— Naone
18 l— MNone 38 l— Naone
19 l— Mone 39 l— Mone
20 l— Mone 40 l— Mone

Ciepth scaling factor IT kK | Cancel |
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11.3.4 Use extended model

By default, the progam uses the arrangement of the data points in the pseudosection as an
approximate guide in discretizing the subsurface into rectangular bl&alsréd 33a). This option
extends the model cells to the edges ofstivwey line Figure33c) using the following dialog box.

i '

Use extended model

By default the program sets the distribution of the madel blocks
so that they fall within the area that contains the most information.
The resulting model commonly has a trapezoidal shape that
appraximately follows the distribution of the data points in the
pseudosection. In this option, wou can use a model with the blocks
setup to the ends of the survey line.

Use extended model? & Yes " No

QK | Cancel|

11.3.5 Use model with blocks of same widths

The model shown ifrigure 33a has model cells that are wider at duges. The first option in
the dialog box shown below will ensure that all the cells have the same width that is equal to the unit
electrode spacind=(gure33D).

Use model with blocks of same widths

You can specify that all the model blocks must be of equal width.
This will &wvoid a model with wider blocks at the sides and in the
loweer layers. Flease selectyour choice.

" All model blocks have equal widths.

" Muodel blocks need not hawve equal widths.

In some surveys, particularly 2-D data sets that are created from
a series of 1-0 sounding lines, the distance bhetween adjacent
electrodes canwary greatly. This option enables you to create a
model where the cells widths are approximately uniform despite
the large changes in the distance between adjacent electrodes.
This option is only meant for a data setin the general array format.

" Yes-use cells of approximately equal width

* MNo-usethe default arrangement

0K | Canc:el|

The second option is intended for data setsterkfrom a series of overlappingDlsounding
lines. Such data sets can have great variations is the distances between the electrode positions. This
option allows the user to use a model with model cells of more uniform width.

11.3.6 Reduce effect of sid blocks

This option affects the calculation of the Jacobian matrix values for the model blocks located at
the sides and bottom of the model section. Normally, for a block located at the side, the contributions by
all the mesh elements associated withrifwel block are added up right to the edge of the mesh. This
gives a greater weight to the side block compared to the interior blocks. In some cases, particularly when
the robust inversion option is used, this can result in unusually a high or lowvisistiue for the side
block. This option limits the contribution of the mesh elements outside the ends of the survey line to the
Jacobian matrix values for the side blocks. The following dialog box shows the different degrees the
contribution of the cedl outside the survey line to the Jacobian matrix values are truncated.
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-
Reduce effect of side blocks

Inthe inversion maodel. the blocks atthe sides and bottom extend to the edge of
the finite-difference ar finite-element mesh used. As such, these blocks have a
relatively large effect on the inversion process compared to neighbouring blocks
in the interiar of the madel. Far some data sets. particularly those with noisy data
points, this could resultin unusually high or low resistivity values near the bottom
-eft and bottom-right corners of the model. You can reduce this effect by choosing
the option to reduce the effect of the side blocks on the inversion process.
Feduce the effect of the side blocks?

" MNaone @« Slight " Severe " Wery Severe

If you choose the option to reduce the effect of the side blocks, itis recommended
that wou also selectthe option option to make sure that all blocks hawve the same
widths. Make sure all blocks hawve equal widths?

* “Yes-use blocks with same widths MNo-use default arrangement

Cancel

11.3.7 Change width of blocks

This option allows the user to force the program to use model cells that are wider than one unit
electrode spacing for all the layers. It is mainly mated for data collected from mobile surveys where a
cable with fixed electrodes positions is dragged along during the survey. The distances between the
measurement points are often much less than the spacing between the electrode takeouts. In the
following dialog box the model blocks widths can be set to 1 to 15 times the unit electrode spacing.

- =

Change width of model blocks

This option is intended for data from surveys with mohile measuring systems where
the distance between electrodes for adjacent data points is much smaller than the
distance between the electrodes in the array configurations used. Such surveys
sometimes produce thousands of electrode positions. You can setthe width of the
blocks for such data sets to be two or more tirmes the nominal unit electrode
spacing. This also helps to eliminate a ripple’ effectin the inversion model
which is sometimes ohserved for such data sets. This aption is only used if the
extended model option is used where the subdivision of the model layers extend
to the ends of the survey line. This option is also useful for data constructed from
a series of 1D sounding surveys using the general array data format.
Selectwidth of model block (1 is the normal width).
ol ol 3 4 * 5 ol 78
9 =10 =11 12 13 14 15

Cancel

11.3.8 Use model refinement

The RES2DINV program by default uses a model where the width of the interior model blocks is
the same as the unit electrode spacifas works well in most cases. In situations with large resistivity
variations near the ground surface better results can be obtained by using narrower model cells. There are
two possible ways to reduce the width of the model cells. The first is by tisimge “ Use mod
refinement” option on the ‘lnversion” menu. Clicl

- .

Model refinement

By default the program will set the wicdth of the model cells to be the
same as the unit electrode spacing. lfthere are wvery large resistivity
wariations near the ground surface, you can use a model with narrower
maodel cells. This is particulary impaortant for arraws such as the pole
-dipole and dipole-dipole which are mare sensitive to near surface
warations. In general, using a model where the width of the cells is half
the unit electrode spacing gives the optimum results. A madel with
narrawer cells frequently results in 'ripples’ in the near surface region
of the registivity madel.

™ Lze normal model cells with widths of one unit spacing

¢ Lzse model cells with widths of half the unit spacing

Cancel
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This allows you to choose model cells with widths of half the unit electrode spacing. In almost
all cases, this gives the optimum resultfter selecting this option, you must read in the data file. The
program will then automatically reduce the unit electrode spacing it uses by half of that given in the data
file. The second method is to modify the data file directly using a text edheruit electrode spacing
is given in the second line of the apparent resistivity data file. For example, the first few lines of the
PIPESCHL.DAT file are reproduced in Table 38. In the second data line, the unit electrode spacing is
given as 1.0 meter th#s the actual spacing used in this survey. When the RES2DINV reads in this data
file, it will set the width of the model cells to 1.0 meter. The file PIPESCHL_HALF.DAT has the same
data except that the unit electrode spacing is now defined as 0.5 Teteupper part of this file is
shown in Table 38.

When the RES2DINV program reads this file, it will set the model blocks to 0.5 meter width.
Figure 34 shows the inversion models for this data set using cells with widths of 1.0 and 0.5 meter. The
model wih the 0.5 meter block width is able to more accurately model the high resistivity anomalies near
the surface between the 3 and 12 meter marks above the pipe, and thus has a slightly lower apparent
resistivity RMS data misfitln most cases with large rethigty variations near the surface, using a model
with a cell width of half the actual unit electrode spacing is sufficient. In some cases, using a narrower
cell width of onethird or onequarter the unit might be justified, particularly if the survey wasied out
using a poldipole ordipoled i pol e arr ayn wiftaktt we sy hif gquanée thee el | W
true unit electrode spacing, or less, oscillations in the model resistivity values in the first few layers can
occur. Thus, the use of @ll width of less than orguarter the true unit electrode spacing is not
advisable.

Table38. Data file with standard unit electrode spacing.

PIPESCHL.DAT file Comments
Underground pipe survey Title
1.00 Unit electrode spacing
7 WennerSchlumberger array
173 Number of data points
1 Mid-point given for ¥ocation
0 No I.P.
150 100 1 641.1633 First data point
0.0 Coordinates of the first electrode

The rest follows the usual data format

Table39. Data file with half the standard unit electrode spacing.

PIPESCHL_HALF.DAT file

Comments

Underground pipe survey

Title

0.50

Half the actual unit electrode spacing

7 WennerSchlumberger array

173 Number of data points

1 Mid-point given ér x-location

0 No I.P.

150 1.00 1 641.1633 First data point

0.0 Coordinates of the first electrode

The rest follows the usual data format
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Underground pipe survey
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Figure34. Example of inversion models using the standard andstzaifl model blocks. (a) The apparent
resistivity pseudosection for the PIPESCHL.DAT data set. The inversion models using (b) blocks with a
width of 1.0 meter that is the same as the actual unit electrode, and (c) using narrower blocks with a
width of 0.5 meer.

11.3.9 Set left and right limits of model

This option can only be used for input data in the general array format. It allows the user to manually
specify the left and right limits of the model cells used in the inversion model. This provides an
altemative to using the distribution of the data points in the pseudosection or the limits of the survey lines
in setting the edges of the model cell.

Set left and right limits of model blocks‘

This option allows youto setthe left and right limits for the
arrangement of the hlocks in the inversion model used by the program.

This allows you to force the program to concentrate on a specified
zone of interest. Itis mainly intended for unusual survey setups
where the main area of focus is near the center of the survey line,
paricularly with sounding type of setups.

Left and right limits of survey line are 10.1 and 2356.1.

kodel left limit : |m bodel right limit: |23UD_U

Do you wantto use the abowve model limits?

 No, use default limits * ‘Yes, use abaove limits
Cancel |

11.3.10Type of crossborehole model

There are two choices for the type of model you can use for thesionef crossborehole data. You can

choose to use the Standard Model where the dimensions of the model blocks are the same as the spacing
between the electrodes on the ground surface and in the boreholes. Alternatively, you can use a model
with smaller bbcks where the size of the blocks is half that of the Standard Meider¢11).
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11.4 Model Sensitivity Options
This covers a few options related to the sensitivity values of the data set and model. Glisking t
option will display the following list of suptions.

!5! RES2DINVx64 ver. 4.8.1 :- 921 - D:\Res2dinvx64\LAKELELIA.DAT
File Edit Change Settings |Inversion | Display Topography Options Print Help

Carry out inversion

Calculate region of investigation index

Inversion methods and settings 4

Model discretization 4

Model sensitivity options k 4 Display model blocks sensitivity

LP. options N Display subsurface sensitivity
Normalize sensitivity values

Batch mode options 4

Generate model blocks
Calculate resolution for homogeneous model
Calculate model resolution for inversion model

11.4.1 Display blocks sensitivity

This will show a plot of the sensitivity of the blocks used in the inversion méagire 35b).
The sensitivity vale is a measure of the amount of information about the resistivity of a model block
contained in the measured data set. The higher the sensitivity value, the more reliable is the model
resistivity value. In general, the blocks near the surface usuallyhiglver sensitivity values because the
sensitivity function has very large values near the electrodes. The blocks at the sides and bottom also
have high sensitivity values due to the much larger size of these blocks that are extended to the edges of
the finite-difference or finiteelement mesh. If you had carried out an inversion of the data set before
calling this option, the program will make use of the Jacobian matrix of the last iteration. Otherwise, it
will calculate the Jacobian matrix for a homogenearth model.

11.4.2 Display subsurface serisivity

This shows a plot of the sensitivity of the subsurface for blocks of equalFsgaed35a). This
basically eliminates the effect of changes in the modekid@e so that it shows more clearly the change
of the subsurface sensitivity with depth and location.

11.4.3 Normalize sensitivity values
By default, the calculated sensitivity values are normalized by dividing with the average
sensitivity value. In ttg option, you can choose not to normalize the sensitivity values.

11.4.5 Generate model blocks

This option allocates the arrangement of the blocks in the model using the sensitivity values as a
guide. Figure 35 shows the sensitivity values of the MIXEDIMS data set using the default extended
model Figure 35a), and for the "Generate model blocks" opfigiie 35b). Note that the model created
using the sensitivity values increases the width of the blocks heasides in the deeper parts of the
model section in order to increase the sensitivity values of the blocks. By default, the program uses a
heuristic algorithm partly based on the position of the data points to generate the size and position of the
model bBocks. The "Generate model blocks" uses a more quantitative approach based the sensitivity
values of the model blocks. However, in practice, the simpler and faster heuristic algorithm gives
reasonably good results for most data sets. Alternatively, yowcare t he ‘extended m
(section 11.3.4) to extend the model to the ends of the survey line, and later use the model sensitivity or
resolution values to determine parts of the model which are well constrained by the data.

11.4.6 Calculate modelresolution
The model resolution matrix is given by

R=(373 +/F)*373. (11.5)

The model resolution of the model blocks are given by the diagonal elements of this matrix. The model
resolution matrixR may be viewed as a filter through which theersion method attempts to resolve the
subsurface resistivity (Dalyewis et al. 2004). In the ideal case with perfect resolution, the elements of
the main diagonalR;) are 1.0 while the oftliagonal elements are 0.0. In practice, the model resolution
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values for most model blocks are much less than 1.0. The time taken to calculate the model resolution
matrix is proportional to the cube of the number of model blocks, so it is probably only practical to carry
out the calculations for models with less tlaoout 30000 blocks. It is probably not practical to calculate

the resolution values due to computer time and memory limitations for very large data sets and models.
You can enable the calculation of the model resolution values using the following dialog bo

' i’
Caleulate Model Resolution

After inverting the data set, do you want the program to calculate
the model resolution wvalues? Calculating the model resolution
walues could take many minutes far data sets with mare than about
5000 data points or model cells.

+ Yes - Calculate " Mo-Do not calculate

QK | Cancel

Mixed array
Relative sensitivity of model blocks

[:] Model block Humber of model blocks 238
+  Datum point Humber of datum points 487
Humber of model layers is 7 Unit electrode spacing is 1.8
N BN BN BN N T [ T O T ) O T e D N
g.64 a.a7 8.13 8.24 8.43 a.7g 1.4 2.5

Relative sensitivity wvalues

b). Hixed array
Relative sensitivity of model blocks

[:] Model block Humber of model blocks 186
+  Datum point Humber of datum points 487
Humber of model layers is 7 Unit electrode spacing is 1.8
N BN BN BN N T [ T O T ) O T e D N
g.a89 8.1% 8.24 8.37 8.59 8.93 1.5 2.3

Relative sensitivity wvalues

Figure35. Two arrangements of model blocks using the extended model and sensitivity values methods.
The arrangement of the model blocks used by the program for the inversion of the MIXEDWS.DAT data
set using (a) the daft extended model and (b) a model generated so that any single block the does not
have a relative sensitivity value that is too small.
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11.5 I.P. Options
This cover a number of options for the inversion of data sets with I.P. measurements. Clicking
this gotion will display the following list of menu sutptions.

xlﬁ! RES2DINVx64 ver. 4.8.1 :- 921 - DA\Res2dinvx64\[PMAGUSL MF.DAT
File Edit Change Settings | Inversion | Display Topography Options Print Help

Carry out inversion

Calculate region of investigation index

Inversion methods and settings »

Model discretization 4

Model sensitivity options 4

LP. options 4 LP. data and model weights
k Cutoff for valid LP. values

Batch mode options
Change range of model LP. values

Select type of LP. model transformation
Use LP. model refinement

Type of LP. smoothness constraint

Joint or separate IP inversion

11.5.1 I.P. data and model weights
This suboption sets the weights given to the I.LP. data and model in the joint resikivity
inversion method using the following dialog box.

LP. data and model weights o

In joint resistivity and |.P. inversion, the apparent resistivity data can have a much
larger range than the apparent |.P. values. This can cause the inversion routine to
minimize the resistivity data misfit at the expense of the IP data misfit. This could
cause noise in the resistivity data to result in poorer resolution in the [P madel.
One way to compensate for this effect to give a greater weight to the IP data. The
ratio of range of the apparent resistivity to apparent |.P. values can be used a
guide for the |.P. data weight

Ratio of resistivity to |P data range factoris 11 533

Weight for IP data (0.1 10 10} |1 .0000

Alternatively. a smaller darping factor can be used for the IP model
constraint compared to that used for the resistivity model. If avalue of 1.010s
the same damping factors will be used for the the resistiity and |P models.

Eriter |P damping factor (0.1 10 1.0} [0.2600

The program can calculate an estimate of the |P damping factor from the Jacobian
matrix values, Do you want to use the automatic damping factor?

" Yes - use pragram estimate @ No-do not use program estimate

Cancel

This progran uses the complex resistivity method (Kenetaal. 2000) where the inversion of the
apparent and I.P. data are inverted jointly. In most data sets, the data misfit for (the logarithm of the)
apparent resistivity values have a much larger range than tleeeap I.P. values. This causes the
program to give a greater weight to reducing the data misfit for the apparent resistivity compared to the
apparent I.P. The first parameter (weight for I.P. data) enables the user to compensate for this effect by
giving a greater weight to the I.P. data misfit. The second parameter (I.P. damping factor) controls the
amplitude of the change in the model I.P. values allowed after each iteration. A smaller I.P. damping
factor can be used can be used to allow a greater charbe I.P. model values (which is normally
much smaller than the change in the model resistivity values in the joint inversion method). If a value of
1.0 is used, then the same damping factors will be used for both the resistivity and IP inversien.routin
Normally a much smaller value of about 0.10 to 0.25 is used.

11.5.2 Cutoff for valid I.P. values

Many modern resistivity meter systems used in engineering and environmental surveys now
have I.P. measurement capability as well. Howetrex |.P. data from most mukiectrode systems is
probably of limited use for electrode spacings of more than a few meters. Most systems use a battery
power source that cannot deliver enough current (usually less than 1 Amp) for reliable I.P. sighals, s
I.P. data is often extremely noisy. Although in theory the magnitude of measured apparent I.P. values can
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range up to 1000 mV/V, in practice natural I.P. effects produce much smaller values of usually less than
100 mV/V. This option sets an upper itron acceptable apparent I.P. values above which the values are
not used by the program to calculate the I.P. inversion model.

' i N
LP. cutoff value

In theory, the amplitude of apparent chargeahility values range
from 012 1000 m¥. In practice, the range is usually smaller and
normally does not exceed 200 mv. “ery high values are usually
indication of noisy |.F. data, particularly with data collected with
bafttery based multi-electrode systems using currents of less than
1 Ampere. A cutoff walue is used to filter the input data. Apparent
|.P. values abowe this limit are considered to be invalid and will
notbe used in the data inversion.

Cutoft wvalue for measured IPvalues (m) ;| g99.00

QK | Cancel‘

11.5.3 Change range of model I.P. values

This sets the limits of the model I.P. values that the inversion routine caffheeninimum
model I.P. value is usually set at zero, although there have been reports of negative intrinsic I.P. values
(Brandes and Acworth 2003. The upper limit for the maximum |.P. value for the inverse model can also
be set in this option. Althougim itheory I.P. values can range up to 1000 mV/V, in practice it is unlikely
to be more than a few hundred mV/V.

Model LP. Range [

Intheany, the intrinsic chargeahility of minerals is canfined to between 0to 1000
my, In practice, the maximurn practical changeakility is much lower, usually itis
less than 200 my. This option allows wou to vany the upper and lower limits of
the allowed chargeahility. In certain types of clays, the intrinsic changeability can
hawve a small negative wvalue.

tModel Chargeahility Lowsr Limit (mivitd - [oo

todel Chargeahility Upper Limit (mv/v) © [so00

Use modified IPrange? Mo & Yes

Cancel

11.5.4 Select type of I.P. transformation

This option wild!l bring up thetfobltoWwRaAggdsedbagdhb
to ensure the model I.P. values produced by the inversion program do not exceed the allowed limits. The
‘ S q uraoroet ’ transformation ensures that the model

upper i mit. The ' Restha the nhodel I dvaluesrezet rdstoiaied te the range set
in the previous option.

B Select type of LP. model transformaticn L&J

Some type of transformation of the model IF is usually used within the inversion
method in arder to stablize the model IP values produced. Different methods will
influence the final model obtained to some extent. The square-root method ensures
that the intrinsic | P. values are akvays positive. but does not explicithy constrain

the upperwalue be less than 1000 mY. The range bound method will rmethod will
explicithy enforce the upper and lower bounds. This method also allows the intrinsic
|.P. value to be negative (which occurs for some types of clays).

Selecttype of LF. model transformation method -

" MNone * Square-root " Range bound

0K | Cancel |
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11.5.6 Use I.P. model refinement
This program uses the complex resistivity method for the inversion of |.P. data (Kdraha

2000). The effective conductivity iselated as a complex quantity with real and imaginary components.
The complex conductivity is given by

5= Spc—iMSpe (11.6)
The DC conductivitys,. forms real part, whilens,. forms the imaginary part. A complex potential is
then calculatedor this complex model.

f=Ff+if (12.7)
The complex potential has two componerfisand 7;. The real (resistivity) and complex (I.P.) potentials
are calculated simultaneouslyhe inversion method calculates the optimum resistivity BR. models
simultaneously using the same leagquation (4.1). In many data sets, the resistivity data misfit has a
much larger range than the I.P. data misfit. This causes the inversion routine to determine a more
accurate resistivity model at the exge of the I.P. model that might show a much smaller change with
each iteration. To overcome this problem, after calculating the optimum resistivity and I.P. model
through a joint inversion, a separate inversion to minimize the I.P. data misfit alonemyinchthe
model I.P. values only (and keeping the model resistivity values fixed) is commonly carried out in each
iteration. This option allows the user to select the I.P. model refinement step via the following dialog
box.

B ' LP. model refinement I.dh,l

In the complex resistivity method, a joint inwversion of the resistivity
and |.F. data is initially carried out. After the initial joint inversian,
an irversion far the L. model only is usually carried out to refine
the LP. model alone. This option allows wvou to choose whether

to use the |F. model refinement step.

Use |.P. model refinement inversion step? & Yes " Mo

Ok | Cancel |

It is recommended that the°l.refinement step to be used for most data sets.

11.5.7 Type of I.P. smoothness constraint

Normally the program uses the same smoothness constraint for the I.P. inversion as that used for
the resistivity inversion. This option allows you to use a differsmoothness constraint for the I.P.
i nversi on. | fhorm) Mmethod iRusdal fosthe 'resigtilityl inversion, this option allows you to
use t he '-Som) mdthod for (hé IZP. inversion. Selecting theno?m constraint for the I.P.
modé might be useful for some cases as it has a much smaller range compared to the resistivity values.
In theory, the I.P. model and (magnitude of the) data are limited to values of 0 to 1000 mV/V.

r B
Type of LP. smoothness constraint

r'ou can choose to use different data and model constraints far the
resistivity and |.F. inversion. In this case, you can use the robust
constraint for the resistivity inversion but use the normal smooth
constraint for the LP. inversion which has a smaller dynamic range.
lUse same canstraints far |.F. inversion?

" Mo, use different * ‘Yes, use same

[t vou had selected the option to use the 'Robust' ar L1-norm
constraint, this option allows wou to use the L1-norm canstraint for
the resistivity inversion but use the 'Smoaoth' ar L2-narm method
forthe LP. inversian.

()4 | Cancel
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11.5.8 Joint or separate of I.P. inversion

The following dalog box is shown when this option is selected.the complex resistivity
method, the inversion model resistivity together with model I.P. values are simultaneously calculated.
This option allows the user to fix the I.P. model when the resistivity miedelculated. It then only
changes the model I.P. values during the I.P. model refinemenvsielp is automatically enabled when
the separate inversion option is selected.

In the resistivity inversion step, the I.P. data has a small effect on thvigsmodel However,
the effect can be completely removed by choosing the option not to use the I.P. data in resistivity
inversion if the separate inversion option is selected.

- =

Joint or separate resistivity and LP. inversion method

You can choose to invert the resistivity and |.P. madels jointly ar carry out separate
irversions. If seperate inversions is used. the |LP. model is kept fixed during the resistivity
inversion. This might be useful if the data is very noisy to avoid large changes in the |.P.
model due to the noise.

@ |Jse joint inversion " Use separate inversion

If you select separate inversion, you can choose to let the model resistivity inversion to
use the apparent |P values as well. The |.P. data will have some influence on the
resistivity model. Alternatively you can select to have the resistivity inversion to be
independent of the |.P. data.

@ |Use |P data in resistivity inversion. " Do not use |IP data in resistivity inversion.

QK | Cancel‘
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11.6 Batch mode options
There are two subptions under this category.

,‘.6! RES2DINVx64 ver. 4.8.1 :- 921 - D:\Res2dinvx64\IPMAGUSI_MF.DAT
File Edit Change Settings |Inversion | Display Topography Options Print Help

Carry out inversion

Calculate region of investigation index

Inversion methods and settings 4
Model discretization 4
Model sensitivity options 4
LP. options 4

Batch mode options 4 Batch mode inversion
k Save XYZ files in batch mode

11.6.1 Batch mode inversion

In this option, you can invert a number of data sets automatically. The name of the input data
files, and other information, is provided through a script file. It must be emphasized that before inverting
the data sets, yoshould check the data for bad data points using the-Editerminate bad data points'
option (section 9.1) discussed earlier. When you select this option, the program will ask for a script file
with a BTH extension. The file RESIS _IVP.BTH is an exangaépt file. The format of the file is listed
in Table 39. Since the IVP files are created by the RES2DINV program, it is not necessary for the user to
deal with the details about the file format. To create them, you just need to click the appropeiaiernv
options within the RES2DINV program, and then sel
“Change Settings"” menu to save the parameters it
using a single batch script file.

11.6.2 SaveXYZ files in batch mode
This option allows the user to automatically create the XYZ files containing the inversion model
values after the inversion of each data file in the batch mode.

Table 39. Example script file for the batch mode inversion.

RESIS I¥Y.BTH file Comments

3 Number of files to invert
INVERSION PARAMETERS FILES USED| Header

DATAFILE 1 Header for first file
CA\RES2DINVARATHCRO.DAT Name of first data file to invert
CARES2DINVARATHCRO L2.INV Output file name with inversion results
CA\RES2DINV\IRES2DINV _L2.IVP File containing the inversion settings
DATAFILE 2 Header for second file
CA\RES2DINVARATHCRO.DAT Name of second data file to invert
C\RES2DINVMRATHCRO L1.INV Output file with inversion results
C\RES2DINVRES2DINV_L1.IVP File with different inversion settings
DATAFILE 3 Header for third file
CA\RES2DINVALANDFILL.DAT Third data file to invert
C\RES2DINVLANDFILL_L2.INV Output file with inversion results
CA\RES2DINVARES2DINV _L2.IVP File containing the inversion settings
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11.7 Topography options

If there is significant topographical relief along the survey line, the effect of the topographical
effects can be accounted for if the horizontal and vertical coordinates of a number of points along the
survey line are known. Whethe program reads in a data file with topography data (please refer to
section 7 for the data format), it will automatically select the fialeanent method that incorporates the
topography into the modelling mesh used. In this case, the topographidingoddl be automatically
carried out by the program when you invert t he
menu, the following submenu will be displayed.

,,lﬁ! RESZ2DINVx64 ver. 4.8.1 :- 921 - DARes2dinvx6\[PMAGUSI MF.DAT
File Edit Change Settings Inversion Display [Topography Options] Print Help

Display topography *
Select type of trend removal

Type of topographic modeling

11.7.1 Display topography
This option simply plots the topography, such asigufe 36.

11.7.2 Select type of trend removal

You can choose to remove the average elevation, adgaates linear trend, or a straight line
joining the first and last topography data points. If the ground surface along the survey line is generally
flat except for a few points, use the option to subtract a constant value from the heights of the electrodes
locations. If the survey points are on a slope, choose either sstpasts or an ertd-end straight line
for the linear trend. Figure 36 showsetample with topography where the eoeend straight line trend
was removed.

i -

Type of topography trend removal

“'ou can choose to remove the average or a linear trend from the
topography. The linear trend can be a least-squares straight line
or aline joining the first and last points of the topography. After
wou hawve selected the type of trend remaoval, the program will
display the topography. Selectyour chaice below.

" Awverage elevation

@+ Leastsguares straight line

" EncHo end straight line

(0] | Cancel

Rathcroghan Meund Line 00

Original topagraphy

5.2 T .

P T

a3 |

Topography after trend removal

5.5 S S S,

ol e N

End to end straight line remaved

Figure36. Topography linear trend removal for the Rathcrogan mound data set.
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11.7.3 Type of topographic modeling
Selecting this option will showhe following dialog box where you can choose three different
topographic modeling methods.

Type of topographic modeling

“Your data set has topography. In order to incorporate the
topography into your inversion model, wou can choose one of
the rmethods listed below.

" Motopographic modeling, i.e. ignare the topography

" Distarted finite-element grid with uniform distortion

(¢ Distorted finite-element grid with damped distortion
Taopography distartion damping factor (010 200 075

" 5-Ctransformation with distorted finite-elerment grid

Cancel

\

Distorted finiteelement grid with uniform distortion This method, and the next two methods, use a
distorted finiteelement grid such that the surface nodethefmesh match the actual topography. This
gives more accurate results than the older method of using the correction factors for a homogeneous earth
model calculated with the finkelement method (Fo&t al. 1980) which can cause distortions in cases
where large resistivity variations occur near the surface (Tong and Yang 1990; Loke 2000). In this
particular option, the nodes below the surface (and thus also the model layers) are shifted to the same
extent as the surface nodes.
Distorted finiteelement gid with damped distortionIn this option, the subsurface nodes are shifted to a
|l esser extent compared with the surface nodes, [
This option is probably a reasonable choice if the curvature of plogtaphy is less than the depth of the
deepest model layer. A damping factor that controls the degree of damping with depth (Figure 38) can be
modified by the user.
SC transformation with distorted fintelement grid: This method uses the Schw&hrisoffel
transformation method to calculate the distortion in the subsurface layers. It is probably the best method
t hat produces a more ‘natural’ | ooking model S e
curvature. In such cases, the damped tagalgy approach might produce unusually thick model layers
under areas where the topography curves upwards. In some unusual cases where the topography has very
sharp acute peaks or valleys and sparse topography data points, the Stimsdoffel transformgon
method might not work. If this happens, add a few extra topography data points near the places with a
sharp curvature in the topography.

Figure 37 shows an example of an inversion model for the Ratchrogami@¥addell and
Barton 1995) data set that has topography from Ireland. The burial chamber is the prominent high
resistivity region a few meters below the surface below the 20 meters mark. Tierhlinversion
method was used to sharpen the burial charabdrthe surrounding soil. A unit electrode spacing of 2
meters was used during the survey, but the inversion model uses model blocks of 1 meter width due to
significant lateral variations near the surface.

(a). Rathcroghan Hound Line 80

PS.2 oo

1.02

—2[‘1. ﬁﬂl.ﬂ 76‘.“
——— el R : ———
3.687 Wf
5.12
—

Heasured Apparent Resistivity Pseudosection

8 -h.80 12.0 28.08 4%.8 92.8 n.
I ) ! ) )

(b). Hodel resistivity with topography
Iteration 5 Abs. error = 1.9

Eleu.
.80

12.0
-4.00 2.0 w8
.00 -20.0 _
2.807-36.8 o 60.9
0.8
_2.08 6.0 92.9
-4.00 =

-8.00
-168.86
-12.6

8. 88 16 328 648 1288 2560 5128
Resistivity in ohm.m
Horizontal scale is 18.88 pixels per unit spacing
Vertical exaggeration in model section display = 1.00
First electrode is located at -36.8 m.
Last electrode is located at 96.6 m. Unit Electrode Spacing = 1.86 m.

Figure 37. Example ofthe model for the Rathcrogan Mound data set. (a) Measured apparent resistivity
pseudosection. (b) Inverse model section with topography.
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a ). Arrangement of model blocks without topography

b ). Arrangement of model blocks with a uniformly distorted grid

¢ ). Arrangement of model blocks with a moderately damped distorted grid

d). Arrangement of model blocks with a highly damped distorted grid

e ). Arrangement of model blocks with the inverse Schwartz-Christoffel transformation

D inversion model with no topography. Model mesh discretization with a distorted

Figure 38. Different methods to incorporate topography into -8 Mversion model. (a) Scheatic

diagram of a typical

grid to match the actual topography where (b) the subsurface nodes are shifted vertically by the same
amount as the surface nodes, (c) the shithe subsurface nodes are gradually reduced with depth or (d)
rapidly reduced with depth, and (e) the model obtained with the inverse Sclhaigioffel

transformation method.
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12 Print menu
Clicking this menu will display the following option.

K.GE RESZDINVx64 ver. 4.8.1 - 921 - D:\Res2dinvx6\IPMAGUSI MF.DAT
File Edit Change Settings Inversion Display Topography Options | Print| Help
Save screen as bitmapped graphics file *

Select type of bitmap graphics format
Print - Save screen as bitmapped graphics file This option makes a screen dump of the sections
drawn on the screen.

Select type of bitmap graphics format. This option selects the type of bitmap graphics format to use
for the screen dump. The options arewh below.

Select type of bitmap format for screen dump

Select type of bitmap graphics file format for screen dump. The BMP
format has the largest file size while the other format are much smaller.

" BMP « IPEG " PMNG
" TIFF " GIF

(0] | Cancel

13 Help menu
Clicking the Help menu option will display the following list of soptions.

,‘ls! RESZDINVx64 ver. 4.8.1 :- 921 - DA\Res2dinvx64\[PMAGUSL MF.DAT
File Edit Change Settings Inversion Display Topography Options Print | Help

Program Info k
System Info

Help
Technical Support

Show AGS license file
Unregister AGS license

Program info : This will display the copyright notice and website address for downloading program
updates.

System info: This will display the compter resources and program license number.

Help : This will launch the help file for the program, if the Res2dinv.chm file is in the same folder as the
Res2dinvx64.exe file.

Technical support: This will display the email address for technical support e6 & the customer
information required.

Show AGS license file This shows the contents of the file in the computer installed by the AGS online
digital copy protection system.

Unregister AGS license This removes the AGS license from the computer soittikan be installed on
another computer.
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14 Displaying and exporting inversion model results

Selecting the 'Display' menu option will create a new window with a number of options to read
the INV files produced from the inversion of the data sets, @aisplay and export the information to
other programs.

14.1 File menu options
Clicking the 'File’ menu will display the following list of swiptions.

,l,! RES2DINVx64 ver. 4.8.1 :- 921 - Display Window
File | Display sections Change display settings Editdata Print Exit

Read file with inversion results

Read DOI files »
Model export »

Trace program execution

Quit display window

14.1.1 Read file with inversion results
This option is used to read in a file with an INV extensproduced by the Res2dinvx64
program that contains the inversion results.

,,.‘! RESZ2DINVx64 ver. 4.8.1 :- 921 - Display Window
File | Display sections Change display settings Editdata Print Exit

Read file with inversion results k
Read DOCI files
Model export 4

Trace program execution

Quit display window

14.1.2 Read DOI pair of inversion files

This option reads in the TXT file that contains the names of the pair of INV files created when
the option to ‘' Calgcauliatne irnedgeixon (osfecitnwestll. 1. 2)
automatically read in the two files and calculate the DOI values. This should only be used if the inversion
was carried out on the same computer.

,,.,! RESZDINVx64 ver. 4.8.1 ;- 921 - Display Window
File | Display sections Change display settings Editdata Print Bat

Read file with inversion results

Read DQI files * r Read DOI pair of inversion files

Model export N Read second DOI inversion file

Trace program execution

Quit display window

14.1.3 Read second DOl inversion file

Thisopti on should be used if the I NV files from
copied from a different computer. In this case, the folders listed in the TXT file might not be valid. To
calculate the DOI values, the two files mustberessl@p ar at el y . Read the first
with inversion results’ option |isted above. Nex:

in the second INV file.
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14.1.4 Model export
Selecting this option will display the followingst of suboptions to export the inversion model
values to different file formats.

,ls! RES2DINVx64 ver. 4.8.1 :- 921 - Display Window
Display sections Change display settings Edit data Print Exit

Read file with inversion results

Read DOI files 4

Model export 4 Save data in XYZ format

Save data in SURFER format
Maodel output file in LUND format
Model output file in MOD format
Model output file in VTK format

Trace program execution

Quit display window

Save data in XYZ formatThis saves the data and model values into a text based XYZ type of format
used by many contouring programs, such as by Geosoft. These areéesppayeams sold by GEOSOFT

Inc. and other companies that enable you to use more sophisticated contouring techniques than those used
by the RES2DINV program.

Save data in Surfer formatThis option allows the user to save the apparent resistivity psetidose

and model sections in the format used by the SURFER grapHsldtting program by Golden
Software. A description of the steps involved is described in Appendix E.

Model output in Lund format This is a data format used by the LUND Imaging Sysfeoduced by
ABEM. You can save the model resistivity values in the .RHO and .RMS files used by the MODSEC
program.

Model output in MOD format This saves the inverse model into the format used by the RES2DMOD
forward modelling program.

Model output in VK format - This saves the inverse model into the VTK format used by the free
Paraview 2D and 3D graphics plotting program. Global coordinates, if present, are also stored in the vtk
files so that models from different lines have the same coordinatensyste

14.1.5 Trace program execution

When this option is enabled, the program will dump information iNRRBTRACEX64.TXT
file during the inversion process. This is mainly used to trace problems in the program if it is unable to
read orinvertadatafi@ he f il e will be savedinthebufferldee.* t emp _ b ui
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14.2 Display sections menu options
This covers several options to display the model sections.
,.‘! RES2DINVx64 ver. 48.1 :- 921 : Display Sections Window - D:\Res2dinvx64\BlueRidge INV

File | Display sectionsl% hange display settings Edit data Print Exit

Model display 4
Sensitivity displays 4
Time-lapse displays 4

Display region of investigation

14.2.1 Display data and model sections
Clicking this option will bring up thedilowing list.
,.‘! RES2DINVx64 ver. 4.8.1 :- 921 : Display Sections Window - D:\Res2dinvx64\BlueRidge INV

File | Display sections | Change display settings Editdata Print Exit
Model display k 4 Display data and model sections

Sensitivity displays N Include topography in model display

Choose resistivity or [P display

Ui s AIEE e Save contour values

Display region of investigation [

Display data and model sectionSelect this option to plot the model and apparent resistivity sections on
the screen. After selecting this option, you will be prompted for the iteration number to use, and the type
of contour intervals. fle following dialog box will be shown for resistivity data where all the values are
positive.

Select Type of Contour Intervals

Set Resistivity ContourYalues

Choosge the type of contour spacing you wantto use:-
" Linear contour intervals
* Logarithmic contour intervals

" User defined linear contour intervals

-

Llser defined logarithmic contour intervals
" User defined contour intervals

" Read contour values from file

K. | Cancel |

.

The 'Linear contour intervals' option will automatically set the contour intervals that are linearly spaced
out. This is usually not the best option for regigfidata if it has a large range but is more suitable for

I.P. data that have a more limited range. The 'Logarithmic contour intervals' will space out the contours
on a logarithmic scale and should normally be used for resistivity sections. The 'Used difear
contour intervals' option will bring up the following dialog box.

- =

Linear contour intervals

binimurm walue is 12.6. baximum wvalue is 124.3.

Enter Minimum Contaur Walue : 150
Enter Contour Spacing Yalue 75

Ok | Cancel ‘

\

You should select the initial contour value and spacing such that it covers the range of resistivity values.
Choosing the 'User defined logarithmic contour intervals' optidrowilg up the following dialog box.
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-~ 5

Logarithmic contour intervals

hinirmur walue is 513 haximurm wvalue is 9687

Selectfactar to increase contourvalues -

™ 1.19 (Doubles every 4 contaurs) " 1.26 (Doubles every 3 contours)

+ 1.41 (Doubles every 2 contours) " 2.00 (Doubles every 1 contour)

™ 1.33 (8 contours per decade) = 1.47 (6 contours per decade)

™ 1.78 (4 contours per decade) ™ User defined contour increase factor

Minirur Contour Value:  |5g

User Defined contour increase factor: |1 961

Ok, | Cancel |

"

There are two sets of the automatic factors to increase the contour values starting from the minimum
value. The first set doubles the contour values after every 1 to 4 contours. The second set increases the
contour vdue by a factor of ten after every 4 to 8 contours. A user defined factor to increase the contour
value is also available. Selecting the 'User defined contour intervals' option will bring up the following
dialog box.

[ B ' User defined contour values Léjﬁ
Minirnurm walue is 4.60. baxirurm value is 1851.1.
Contour Mumber  “alue Contour Number  “alue

1: Gag 3: R
2 Fe 0. [3s
3 TR 1. [eee
' s 12 sy
5 ees 13 [7e4
B G0 4. [5m5
7 B 5. [re63
g 4.8 16 L

Fress the Tah or Enter key to mowve to the next box. Press the
ESC key to mowe tathe previous box.

(0]:4 Cancel |

-

\

A set of default contour values usiagogarithmic or linear scale will be displayed. The user can change
the contour values manually. The last option 'Read contour values from file' enables the user to reuse
contour values that was saved earlier into a file usindSénee' contour valuémenu option.

Include topography in model displayFor inversion results where topographic modeling were earlier
carried out, you can incorporate the topography into the model section by calculating that the true depth
and location of the model blocks beldhe surface. Figure 37 shows an example of a model section with
the topography. After the section is displayed, you can display the results for the next iteration by
pressing the PgDn key. Similarly, pressing the PgUp key will display the results fardhieus
iteration.

Choose resistivity or I.P. displayif the data set has I.P. data as well, this option allows you to choose to
display the resistivity or I.P. sections. You can also display both the resistivity and IP model sections at
the same time.

Save contour valuesThis option saves the values used to draw the contours in the pseudo and model
sections into a file.
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14.2.2 Sensitivity displays
This set of options display the model sections with the sensitivity or resolution values.

!5! RES2DINVx64 ver. 4.8.1 :- 921 : Display Sections Window - D:\Res2dinvx64\BlueRidge.INV
File | Display sections | Change display settings Edit data Print Exit

Model display 4
Sensitivity displays k 4 Display blocks sensitivity
Time-lapse displays N Display blocks uncertainty

Display minimum and maximum models

Display region of investigation Display model resolution

Display Hocks sensitivity This displays a section with the sensitivity value associated with each model
block. This actually gives the integrated sensitivity value associated with each model block as given by
the following equation.

. :_é‘Jij‘ (14.1)

It sums up the Jacobian matrix values associated with the model block for all the data points. It is a very
crude measure of the information the data set has on the resistivity value of a model block. A better
measure is the model resolution \alu

Display blocks uncertainty, minimum and maximum modeélss displays an estimate of the uncertainty

in the model resistivity values, and the lower and upper limits of the resistivity values based on the
estimated uncertainty. If the model resolutiomsvzalculated, the uncertainty value is calculated from the

diagonal elements of thE(JTJ +/F)'lmatrix. If the model resolution was not calculated, an

approximation of the uncertainty is used. The maximum and minimum sections are calculatdidefro
inversion model values and the estimated uncertainty in the model values.

Display model resolution If the option to calculate the model resolution values was selected (section
11.4.6), the model resolution values will be saved in the INV file. ®pi®n displays the saved model
resolution values in the form of a section. Selecting this option will display the following dialog box.

-
Select type of model resolution information to display

“r'ou can display the total resolution value for
a model block, orthe resolution drvided by the
area of the blocks.

f¢ Total resolution value

" Resolution per unit area

" Total resolution index

" Resclution per unit area index

0K | Cancel ‘

.,

The first option displays the raw model resolution values, while the second option displays the model
resolution nomalized by the crossectional area of the model block. Other things being equal, a model
block with a larger area will have a larger resolution value by virtue of its size. The thickness of the
model layers increases with depth, and the blocks at the sidend laterally to the edges of the finite
element/finitedifference mesh. Thus, the blocks at the sides have a much larger area than neighboring
blocks in the interior of the model. As an examgggure 39 shows the inversion model for the
LANDFILL.DAT data set together with the model resolution sections. Note the model resolution values
(Figure39c) show a slight increase towards the sides and bottom of the sectionlady at the bottom

left and bottorrright corners which might be misleading. This is due to the large sizes of the model
blocks at the sides and bottom. The model resolution normalized by the area of the Hitnaks30d)

avoids this artifact. Some authors recommend using a value of 0.05 (i.e. 5%) as the cutoff value to judge
whether a region has significant resolutiddsing a value of 0.05 as the cutoff point for the model
resolution values might be arbityaas it does not take into account the model discretization used. If a
finer model discretization (with more model cells) is used, we would expect on the average the model
resolution for a cell at the same location will be reduced since the cell sizallsrsihheoretically the

sum of the elements in a column of the model resolution matrix is equals to 1.0. The average value of the
array elements in the column would then be equalk@tm wherem is the number of model cells. A
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more useful measure todge whether a model cell is resolved is the ratio the cell resolution value to this
average valueThe third and fourth option displays the model resolution multiplied by the number of
model cells. It removes the effect of the model discretization useke (R618). The model resolution
index section after normalization by the model block area is showigure 39. A reasonable model
resolution index cutoff value would be about 5 to 10.
(a) Measured apparent resistivity pseudosection
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(d) Model resolution (normalized by area of model block) section.
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(e) Model resolution (per unit area) index section.
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Figure 39. Model resolution sections for the LANDFIL.DAT data set. (a) Apparent resistivity
pseudosection. (b) Inversion model section. (c) Model resolution section. (d) The model resolution
normalized by the crossection area of the model block. (e) Thwodel resolution index (after
normalization by model block area) section.
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14.2.3 Time-lapse displays

This shows the inversion results for tilapse data sets. Tirapse files have the resistivity
values for two or more inverse models. The following aptiisplays the change in the model resistivity
values between the initial model and a later time model.

x.e! RES2DINVx64 ver. 4.8.1 :- 921 : Display Sections Window - D:\Res2dinvx64\BlueRidge INV

File | Display sections | Change display settings Edit data Print Exit
Model display 4

Sensitivity displays 4
Time-lapse displays 4 Select time-lapse display method
Display region of investigation RisplayichangelipiiesivyI
Display resistivity ratio
Display percentage desaturation
Change factor in Archie's Law
Display time sections with topography

Select timdapse display method You can display the change in the resistivity of a fitee model
compared to the firsime model or comparei the precedingime model. For example, if there are four
time-series models, you can display the change in the fourthsimes model compared to the first
timeOseries model or compared to the third tsedes model.

Display change in resistivityP. - This option will display the change in the model resistivity obtained
from the inversion of a later time data set compared with the reference model from the inversion of the
first data set. After displaying the sections with the percentage chatigerimodel resistivity values, you

can change the tirapse data set selected by using the 'Home' and 'End' keys. By default, the results for
the last timdapse data set will be shown. You can show the results of an earlier data set by pressing the
'Home' key. As an example of a field experiment of titapse measurements, Figure 40 shows the
results from a test on the flow of water through the unsaturated zone conducted in Birmingham (Barker
and Moore 1998). Forty thousand liters of water was poured egritund surface near the 24 meters
mark along the survey line over a period of 10 hours. The initial data set collected before the water
irrigation began together with the corresponding inverse model are shdviguie40a andFigure40b.

The subsurface consisting of sand and gravel is highly inhomogeneous. As a compayised0c and
Figure40d shows the data collected and inversion model after the irrigation of the ground surface was
completed. The distribution of the water is not very clear from a direct comparison of the inversion
models alone. The water distribution is more easdiiednined from a plot of the percentage change in

the subsurface resistivity in the inversion models for the data sets taken at different-ignes4(1)

when compared with the initial data set model. The datzakected at 10 hours after the irrigation
began shows a significant reduction in the resistivity (of more than 60 percent) near the ground surface in
the vicinity of the 24 meters mark where the raanface low resistivity zone has reached its maximum
extent and amplitudeF{gure41a). Six hours after the irrigation was stopped, the low resistivity plume
has spread downwards and slightly outwards due to infiltration of the water through the unsaturated zone
into the water table (that is at a depth of about 3 meters). There causes a decrease in the maximum
percentage reduction in the resistivity values near the sufaparé¢41b).

Display resistivity ratio- This optionwill display the ratio of resistivities of the later time model
compared with the reference model.

Display percentage desaturatienArchie's Law that gives the relationship between the resistivity of a
porous rock and the fluid saturation factor is apgllle for certain types of rocks and sediments,
particularly those that have low clay content. In the case, the electrical conduction is assumed to be
through the fluids filling the pores of the rock. Archie's Law is given by

Fzar fr (14.2)

where r is the rock resistivity/w is fluid resistivity, 7 is the fraction of the rock filled with the fluid,

while a andm are two empirical parameters (Keller and Frischknecht 1966). For most adskahout 1

while mis about 2. Under certaispecial conditions, the above equation can be used to determine the
change in the fluid saturation or fluid resistivity with time. If initially the subsurface material is saturated
with water, and the change in the resistivity is caused by withdrawahtsr (i.e. a reduction in the

fraction per unit volume of the rock which is filled with water), the desaturation factor (Keller and
Frischknecht 1966) can be calculated from the change in the subsurface resistivity. To calculate the
desaturation factorhe value of then parameter in Archie's Law is needed. By default, it is stGbut

this value can be changed by the user. On the other extreme, consider a case where the fluid saturation
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factor does not change but the resistivity of the fluid chaffgesexample in tracer experiments with a
conductive salt below the water table). The ratio of the resistivity of the fluid at the later time to the
initial resistivity can be calculated directly from the model resistivities. It must be emphasized that the
above two situations are ideal cases. The results are only valid if Archie's Law holds for the subsurface
medium. In many cases, the relationship between the medium resistivity and water content is much more
complicated (Olivaet al. 1990).

Birmingham garden field test

(2) Before water i ion. App resistivity p
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L | | ! ! ! Y

B.778 .
e TaN

2.34

3.1
3.89

b 67
5.45
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(b) Before water infiltration. Model resistivity section.
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(d) After 10 hours. Model resistivity section.

Inverse Hodel Resistivity Section

-
Figure 40. Apparent resistivity and inversion model sections from the Birmingham-lépse
experiment. (a) The apparent resistivity and (b) inversion model sections from the survey conducted at
the beginning of the Birmingham infiltrationiugly. The data and model after 10 hours of irrigation are
shown in (c) and (d).
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(b) After 16 hours. 6 hours after end of water infiltration.
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Figure4l Sections showing the change in the subsurface resistivity values with time obtained from the
inversion of the data sets collected during infiltration and recovery phases of the study.
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Change factor in Archie's LawThis option allows the user to change the exponeint equation (14.1)
used to calculate the desaturation value.

Display time sections with topographyrhis option displaythe sections with the percentage change or
resistivity ratio with topography included.

14.2.4 Display region of investigation
This display the depth of investigation (DOI) section if it was calculated. On selecting this
option, the following dialog box i be shown.

Type of DOI to display

“You can choose to dislay either the ariginal DOl without normalization, or the DO after
normalization, or a smootherversion of the DOl that uses the average of the values of
several model cells.

= QOriginal DOI  Normalized DOl ¢ Smoothed normalized DOI
DK | Cancel|

The different types of DOI are described in Appendix F. After you select the appropriate choice,
you will need to select the type of contour values to use for the DOI and model resistivity sections. An
example of a DOI section plot is shio in Figure 51 in Appendix F.

14.3 Change display settings
This cover a number of parameters that control the display of the sections as listed in the
following menu.
Ee! RES2DINVx64 ver. 4.8.1 :- 921 : Display Sections Window - D:\Res2dinvx64\BlueRidge.INV
File Displaysections[Changedisplaysettingsl Edit data Print Exit

Color settings 4
Display sections settings 4
Select fonts and units 4

14.3.1 Color settings
This cover a number of options to change the colors usedwirtdy the sections. The program
uses 17 colors in the contour scale used in drawing the sections. You can adjust the colors using the
options in the following menu list.
?6! RES2DINVx64 ver. 4.8.1 :- 921 : Display Sections Window - D:\Res2dinvx64\BlueRidge INV
File Displaysections[Changedisplaysettings] Editdata Print Exit

Caolor settings 4 Default color scheme

Display sections settings 4 Reverse color scheme

Customise color scheme

i 3
Select fonts and units Read customised color scheme

Color/Grey Scale display

Default color schemeThis will reset the color scheme used for coloring the sestio a default system
used by the program.

Reverse color schemeThe default color scheme uses blue for low resistivity values, and red for high
values. This enables the user to reverse the colors used.

Customize color schemeThis option can be used toanually change the colors used. After changing
the values, the color scheme can be saved into a file so that it can be reused.

Read customize color schem¥ou can change the color scheme to a set of customized colors that was
earlier saved in a file.

Color/Grey Scale display By default, the program will display the pseudosections and model section in
color. This option allows you to display the sections using a grey scale, possibly for making printouts on
normal laser printers. Different shades ofygmanging from pure white to pure black, are used.
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14.3.2 Display sections settings
This set of options change the number of sections displayed, the horizontal and vertical scales.

The various options are listed in the following menu.
x.6! RES2DINVx64 ver. 4.8.1 :- 921 : Display Sections Window - D:\Res2dinvx64\BlueRidge INV
File Display sections | Change display settings | Edit data Print Exit

Color settings 4
Display sections settings L4 Number of sections displayed

Select fonts and units N Apparent resistivity difference

Vertical display scaling factor
Horizontal plotting scale

Use linear depth scale

Show locations of data points
Resistivity or conductivity display
Display pseudodepth values
Type of model display

Leave contour lines in display
Type of pole-dipole display
Interpolate pseudosection levels
Underwater display options
Display Global Coordinates

Use Delaunay triangulation

Trim part of display with topography

Blank out part of model using sensitivity values
Blank out part of model using resolution values
Type of model resolution value used for blanking

Number of sectiws displayed You can choose to display 1, 2 or 3 sections on the screen. By default, all
the 3 sections (the observed and calculated apparent resistivity pseudosections and the model section) are
displayed.

Apparent resistivity difference You can choos to display either the calculated apparent resistivity
pseudosection itself, or the percentage difference between the logarithms of the calculated and observed
apparent resistivity values.

Vertical display scaling factor This option allows you to speyifthe ratio of the vertical scale to the
horizontal scale, i.e. the vertical exaggeration factor, in the display. Convenient values to use are 2.0, 1.5
and 1.0. If you enter a value of 0.0, the program will use a default scaling factor so that thecdis ity

into the display screen.

Horizontal plotting scale This allows you to change the horizontal scale, in terms of number of pixels

per unit electrode spacing. This option is useful when you want to plot the results from different survey
lines with dfferent numbers of electrodes, with the same scale.

Use linear depth scale The program normally displays the depths to the centers of the model layers
when it displays the model section. The thickness of the layers usually increase with depth, so the
corresponding depth markers are not equally spaced. This option can be used to display the depth
markers with a constant spacing.

Show locations of data pointsBy default, the location of the data points (and centers of the model
blocks) will be shown by hite dots in the color pseudosection display. You can choose not to display
the dots with this option.

Resistivity or conductivity display The resistivity pseudosections and model sections are normally
displayed. However, you can display the sectionagusionductivity values (i.e. the reciprocal of the
resistivity) which is more commonly used in certain fields, such as hydrogeology.

Display pseudodepth values For the apparent resistivity pseudosections, you can display the
pseudodepth values on the tvar c a | scal e, or di splay the electr
applicable).

Type of model displayIn this option, you can display the resistivity values in the model section in the
form of contours (the default choice), or in the form of rectandultacks which constitute the inversion

model. The contoured section makes it easier to visualize geological structures, while finer features might
be more easily detected in the rectangular blocks section.

Leave contour lines in displayThis option willdraw the contour lines as black lines.

Type of polalipole display- This option is only relevant for peldipole data sets with measurements
with the “f or wa r-digble arayd (see Agpendix A).dHére yow dare choose to display
theapparemt esi sti vity values measured with the array |
Interpolate pseudosection level€ertain types of nogonventional array measurement sequences can
result in an arrangement of the data points in the pseudosedtioony one data point at some data
levels. This results in a very jagged appearance in the outline of the pseudosection. This option will
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interpolate the pseudosection contour plot to reduce the jagged appearance for cases with data levels with
onlyonepoi nt. Alternatively, you can use the ‘Delaun
Underwater display optionsThis covers the display of model sections for an underwater survey with the
electrodes on the river, lake or sea bed (section 7.9.1). The first optthe fellowing dialog box

extends the model section drawn to the surface boundary of the water bottom. What a contoured display
is used, normally the centers of the model blocks are used which in the case of the topmost layer is
slightly below the water btim boundary. Thus, in the normal display there is a slight gap between the
top of the model section and water bottom. Figure 42 shows an example of a plot with both options
enabled. Note this gap does not appear if the model section is drawn with ristdobgeks. In the

second option, the color of the water layer can be changed to match the resistivity values in the contour
scale used for the model display.

i~ N
Display options for underwater survey models

This option will extend the contoured model section to the suface
boundary of the water bottom.
Extend contoured model section? & Mo i Yes

This option allows you to change the color of the water layer abowve
the model section. By default the program will use a dark blue color
for the water layer, butyou can choose to use a color that matches
the walues in color bar forthe contaurs.

Use matching color forwater section? Mo * Yesg
oK I Cancel

et
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Figure42. Example of underwater survey. (a) Apparent resistivéigugosection. (b) Model section with
topography. Note the contoured model plot has been extended upwards to the water bottom interface, and
the color of the water layer matches the contour scale used for the resistivity sections. This example is
from an umlerwater riverbed survey by Sage Engineering, Belgium.

Display Global Coordinates This option will display the global coordinates instead of the local
coordinates along the line, if the global coordinates were given the data file.

-
Display global coordinates in sectionsl

This option enables the program to display the harizontal locations
along the line as global coordinates if present.

& Display local coordinates ¢ Display global coordinates

(] I Cancel

Use Delaunay triagulation - The program normally uses a simple triangulation method to draw the
apparent resistivity pseudosection where the data points are arranged row by row according to their
pseudodepths. This works well for most data sets, particularly those measimged conventional array
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with a uniform spacing between adjacent electrodes. In some cases, particularly for data in the general
array format, where the spacings between the electrodes-igniform, the pseudosection does not have

a simple contouredfm. This is because the data points cannot be arranged into a small number of levels
with uniform pseudodepths due to small variations in the electrode spacings. In such cases, an alternative
method to draw the pseudosection using Delaunay triangulaioheused.

g 5

Type of method to draw pseudosections

You can choose to use a simple triangulation method to display the
apparent resistivity pseudosectians, arto use the Delaunay
triangulation method. The simple method works well for most data
using conventional arrays. The Delaunay triangulation is slower but
wiotks better for non-conventional arrays with non-uniform electrode
spacings, paticularly for surveys in areas with topography. [tis
recommended that the Delaunay triangulation method should onky
be used when the simple triangulation method does nat display a
reasonable pseudosection.

* Use simple triangulation " Use Delaunay tnangulation

QK | Cancel |

Blank out part of model using sensitivity valuéghis option will allow you to blank out parts of model
that have low sensitivity values using the following dialog box.

i '’
Blank out part of model using sensitivity values

Do wouwant to blank out parts of the model with
low sensitivity values?

o Yes " Mo
The minimum and maximum sensitivity values
are 0.0324 and 5.4.

Flease choose a cutoffvalue for the sensitivity
to blank out parts of the model.

0.0500
QK | Cancel |

Blank out part of model using resolution valuekhis is similar © the previous option expect the model
resolution per unit area values is used to select areas of the model to blank out. This option can only be
used if the option to calculate the model resolution values was enabled before running the inversion of
the daa file (see section 11.4.6).

'3 -
Blank out part of model using resclution values

Do wou want to blank out pars of the model with
lowe model resolution per unit area values?

+ Yes " Ma
The minimum and maximurm resolution values
are 0.000263 and 0.8554490.
Please choose a cutoff walue for the sensitivity
to blank out parts of the rmodel.

0.05
] | Cancel




113

Type of model resolution value used for blankifidpis selects the type of model resolution used to blank
out parts of the model with low resolution values. The various options are in the following dialog box.

i =

Select type of model resolution to use.

select the type of model resolution walue that
is used to blank out parts of the model with
low resalution.

" Total resolution walue

f* Fesolution per unit area

" Tatal resalution index

" Resolution per unit area index

Ok | Cancel

14.3.3 Select fonts and units
These options can be used to change the font of the characters used in labeling the sections, and
to use feet instead of meters. The following-spiions are displayed when this menu option is selected.

x.,! RES2DINVx64 ver. 4.8.1 :- 921 : Display Sections Window - D:\Res2dinvx64\BlueRidge INV
File Display sections | Change display settings | Edit data Print Exit

Color settings 4

Display sections settings 4

Select fonts and units . 4 Choose font
Use Omega symbol
Display distances in feet

Choose font This optionis used to select the font used to display text in the model sections.

i B

Type of font

“'ou can choose to use one of the fonts listed below that will be
used to display the text in the when drawing the sections.
Flease click your choice -

f+ Arial font " Courier MNew
" Times MNew Roman " System font

Choose Mormal or Bold characters -
" MNarmal font + Bold font
Choose size of font

f* Fegular size " Larger size

Ok | Cancel |

Use Omega symbelThis option allows the user to select the word 'ohm' or the Greek sythtoolabel
the resistance or resistivity values in the model sections display.
Display disances in feet This allows the user to display distances in feet instead of the default meters.



114

14.4 Edit data

The following option is displayed on selecting this menu option.
,.5! RES2DINVx64 ver. 4.8.1 :- 921 : Display Sections Window - D\Res2dinvx64\BlueRidge INV
File Display sections Change display settings | Edit data | Print  Exit

RMS error statistics k

This option display the measured and calculated apparent resistivityl. Parifl present) as statistical
plots in the form of bar charts and scatter plots. It can be used to filter out data points with high misfits to
create a filtered data set which can be used for a new inversion.

14.4.1 RMS error statistics

This displayshe data misfit between the measured and calculated apparent resistivity values in the form
of a histogram as shown figure 43a. This option can be used to filter out data outliers. Data with
normal random noiseilvshow an exponential decrease in the number of data points with increasing data
misfit, as in the initial part oFigure43a. Data outliers are likely to have much higher data misfit values
which can be used tgeparate them from the other data points, as shown by a data point on the right end
of the histogram irFigure43a. In this option, the user selects a data misfit cutoff value. The data points
that will be removedare marked in red in the scatter plot on the right. If I.P. data is present, the scatter
plot for the apparent I.P. data points will also be displayed (Figure 43b). When you exit this window, the
program will prompt the user to save the trimmed datansti new file.

On the top menu bar, there are a few options as shown below.

,’,E RESZDINVx64 ver. 4.8.1 :- 921- RMS Error Analysis Window
Print  Exit
Choose apparent resistivity or IP for data trimming
Display estimated noise statistics
Info
Exit from this option

Choose apparent resistivity or IP for data trimmirdhis option will display the following dialog box.

Choose resistivity or IP

You can use the bar chartfor the apparent resistivity
or apparent IP values to filter the data

* Use apparent resistivity ¢ Use apparent IP
Ifyou choose to use the apprent IP, you can remove
the corresponding apparent resistivity data points, or
keep them and replace the IF data points with invalid
values so that they are not used in the data inversion.
+ Remowve resistivity data together with IP

" Keep resistivity data, replace IP with invalid values

[ 0K I Cann:el|

This selects the apparent resistivity or apparent I.P. data wagfits for the histogram plot. If you select
the option to remove the data points based on the apparent I.P. misfit, you can remove both the apparent
resistivity and I.P. values, or retain the resistivity values while removing the I.P. value.

Display esmated noise statistics If the input data has error values for each data point, such as from
reciprocal measurements (see section 7.7), the program will also calculate a normalized data misfit. If the
error values are not present, the program will gitetm estimate the error values from the data misfits.

For the Ltnorm data misfit, the normalized data misfity) is given by

_1m rcj-rmj

L1N =—a

mi,|Dr+e
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250
1000
0.0
— Calculated
apparent
resistivity
150
oftotal .
10.0
dala points
5.0
100
- - - -
1 12 14 16 18 20 22 24 26 28 30 100 316 1000
o ] ] o 0 0 ] L] ] ] o Measured apparent resistivity [ohm.m)

L1-norm data misift = 2.80%, L2-norm data misfit = 3.82%
fit = 0.9, Normalized L2 misfit = 1.52
data p wed

e 0.
Use the left and right anows keys la move the green data selection lin

(b) Magusi River survey
Measured and calculated apparent 1P, conrelation plot
16.04 293
232
140
17
Calculated
apparent
1204 LR
108
46.3
10.04
Percentage -15.4 T T T T d
-15.4 6.3 108 170 232 293
5.0] Measured apparent L.
Li-norm data misift = 16.05, L2-narm data misfit = 24.71
a
of total
Measured and calculated apparent resistivy correlation plot
604
316
data point
404
100
Calculated
apparent
resistivity
2.04
N6
0o
0.0
App.resis.%emor 0 4 B 12 16 20 24 28 32 36 A0 44 48 52 56 6O
Mumberofpoints 14 6 6 6 4 2z 2 2 @0 1 1 @8 1 0 0 0
TRal e hete i 188 J i d
a p s 01 0.0 ns 100 6

Measured apparent resistivity [ahm.m]

it = 13.02%, L2-norm data misfit = 17.66%
it = 0.80, Normalized L2 misfit = 1.34
+:data point removed

Figure 43. Hlstogram and scatter plots for the inversion results of theRTHCRO.DAT and (b)
IPMAGUSI.DAT data sets.

Minimum value 0.0
Use the left and rg

keys to move the green data selection line.

where rc and rm are the calculated and measured apparent resistivity valueSrand the estimated

error. In some cases, the estimated error might be zero if the normal and reciprocal measurements give
the @ame apparent resistivity value due to the limited accuracy of the measuring instrument. To avoid an
infinite value for the normalized misfit, we add a small positive valieethe denominator. The k2orm

data misfit is calculated in a similar way usihg following equation.

2

1n ar. Q

L, = &a” "mg
m ,zlgqumj +e0

Ideally the normalized misfits should be about 1.0 if the calculated values fit the data to within the noise
level.
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Appendix A Array types in RES2DINV
A list of the arrays supported by the RES2DINV program together with their number codes is
given below.

Table40. Array types and their number codes.

Array name Number code | Number of electrodes
Wenner (Alpha) 1 4
PolePole 2 2
Inline DipoleDipole 3 4
Wenner (Beta) 4 4
Wenner (Gamma) 5 4
PoleDipole 6 3
WennerSchlumberger 7 4
Equatorial dipoledipole 8 4
Offset poledipole (only used as stdrray number with dat; 10 3
in the general array format)
Nornrconventional or generatray 11 2t04
Crossborehole survey (apparent resistivity values) 12 2t04
Crosshorehole survey (resistance values) 13 2t04
Gradient array (only used as satray number with 15 4
data in the general array format)

A description of the differentreays types is given in the free tutorial notes on electrical imaging
(Loke 2018).Figure 44shows the arrangement of the electrodes for some commonly used &rays.
general, for an array with 4 electrodes, there are 3 possible arrangements for tbdesiddtte Wenner
array has three different variations. The "normal" Wenner array is actually the Wenner alpha array. The
Wenner beta array is a special case of the digiplele array where the "n" factor is always 1. The
RES2DINV program will automaticagllconvert a Wenner beta array data file into a diglppele array
data set.

(A) Wenner (B) Wenner Schlumberger
C1 P1 P2 c2 C1 c2
Y S S N O A S
-+ a8 —» T4+ g — = TaH—— g —» - d—
k=2ma k= mna(nt1) (n+2
(C) Pole - Dipole (D) Dipole - Dipole
C1 P1 P2 c2 C1 P1 P2
lii na 4‘l47 a —hvl ldﬁ a—blii na 4’l‘7 a%l
k=2 nna(n+1) (n+2) k=mnna(n+1) (n+2) (n+3)
(E) Pole - Pole (F) Multiple Gradient
C1 P1 c2

oL Lo \

- na —- 4—ma—>
k=2mna “«— (s+2)a

k=2m/[(1/r1)- (1/r2) - (1/r3)+(1/r4)]
P
I, k=2m/[(1/r1)- (1/r2) ]
3

rM=na, r2=(n+1)a, r3=(s+2-n)a, = (s+1-n)a
M= [n?a2 +b%1%%, r2=[(n+1)2a2 +p21%°

(G) Offset Pole - Dipole

C1

l4 na

Figure44. Arrangement of the electrodes for some commonly used arrays and their geometric factors.



The general array with number code 11 is alwaysmgiwith a secondary stdyray number code.
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If the arrays are actually one of the conventional arrays, the number code for the conventional array is

used as the sufrray number (for example if it is a dipedéole array the subrray number is then 3} |
it is not one of the conventional arrays, or if it is a mixture of different arrays (such as thedijodée
and gradient), the sedrray number is given as 0.

The ‘forward’ and

‘

r e-dipele array are\staown iBigure 4bnlfsan o f
offset dipoledipole array is used, the general array data format should be used withrsesutype of O.

Cs R B
na a Forward
i i i Pole-Dipole
B, h C1
na Reverse
i i i Pole-Dipole
Offset Pole-Dipole
-t na -y a —m»
» .
I P1 P2
b
L C1

Figure45. Normal, reverse and offset palgole array arrangements.
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Appendix B Special OhmMapper Note

Data collected by the OhmMapper system can be converted into the format used by the
RES2DINV program using the 'DataMap for OhmMapper' program provided by Geometrics, Inc. This is
a Windows based program. After starting tmegsam, please click the EXPORT option to carry out the
data conversion. For further details, please refer to the OhmMapper manual provided by Geometrics. The
figure below shows an example of a data set collected by the OhmMapper system together with the
inversion model produced by the RES2DINV program. The survey was conducted over an area with
weathered granite. The data set is given in the file OHMMAPPER.DAT. The measurements were made
using the dipolaipole array with a dipole length "a" spacing of rh@tres and with n values of 0.5 to
3.5. The data set has 732 data points while the inversion model consists of 1240 cells.

a). OhmHapper survey over weathered granite

55)
.
-]

Measured Apparent Resistivity Pseudosection

b).
Depth Iteration 5 RHMS error = 18.6 %
-¥1.3 -31.3 8.8 48.8 88 .8 129 169 2089 249 m.
0. ' : 7 —
3.
5.
8.
11.

Inverse Hodel Resistiwity Section

[ J § § | Emjeoyeey  geeiEmpeoayeey §o§ §
168 280 488 8ao 16088 3288 6488 12888
Resistivity in ohm.m Unit electrode spacing 2.5 m.

Figure 46. Example OhmMapper data set and inversion model. (a) Apparent resistivity pseudosection
measured with an OhmMapper mobile resistivity surveying system. (b) Model section obtained by
RES2DINV program.
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Appendix C  Converting data from the PASI instruments

The PASI resistivity meters use two types of
extension and a newer ‘ptf’ binary for mat To co
program, —OhtakI| mpbl e’ on the main menu and then
shown below.

RES2DINV ver. 3.59.29 - ID. No. : K4-888B7/7A-0516
Edit Change Settings Inwversion Display Topography Options Print Help  Quit
Read data file
Round up positions of electrodes
Automatically switch electrodes
Calculate errors from repeated readings
Data Import k Import data in ABEM LUMD format
Collate data into RES3DINV format Import data in ABEM SA5 AMP format
Concatenate data into RES2DINY format Import data in Sting 5TG format
Import data in BGS format
Run JACOBWIN Import data in CAMPUS Imager format
sl Import data in IRIS format
e Import data in OYO McOhm format
Save sorted data after reading in data file Import data in PASI bet format
Trace program execution Import data in PASI Polares format I,\\s
Exit program Import data in RESECS format
Import data in RESISTAR format
Import data in SCINTREX 5GD format
Import data in MAE format
Import data in Phoenix format
Import data in Zonge AVG format
Import data in OTHER format
After clicking the PASI formatopt i on, a dialog box wildl be d

Polares format data file. As an example, if you had selected the option to import a 'txt' file, the following

dialog box will be displayed.

il 3
G,E Input Pasi data file ﬁ
@le )« Data » pasi » MNew_Data_Format » - | ¢,| | Search o]

‘ Organize ~ gg8 Views ~ [ Mew Folder
ER Ot e Name Date modif... Type Size
EE. Daocuments = Suipdpe
Autpdppa
Bl Desktop =
. | Autpdpr
5l Recent Places ) Autppc
M Computer [ Autpppa
EE Pictures | Autppr
EB‘ Music | Ddc
|4 Recently Changed _ Ddpa
E Searches — Ddr
| Public L Pdpr
Folders ~
File name: ~hd - [Text Files {*ta) v]
[ Open ] [ Cancel ]




Selecting
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E\dP Input Pasi Polares ptf file
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Desktop
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Computer
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The program will then convert the data, and prompt the user for the name of the file with the

dat'’ extensi
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Appendix D  Surveys with electrodes sysended in a water layer

The two arrangements for aquatic surveys have the electrodes on the seabed (section 7.9.1) or
floating on the water surface (section 7.9.2) have disadvantages if a mobile system is used. If the water
layer is thick, the resolutionilvbe very poor with floating electrodes as most of the current will flow
within the water layer and very little penetrates into the-tsaiom materials which are of interest.
Dragging the cable along the bottom might lead to other problems, such ablbdddeing snagged by
debris on the seabed. The third possible arrangement is to have the cable suspended a short distance (such
as 1 meter) above the seabed. This has the advantage of better resolution with the electrodes closer to the
targets of interaswhile avoiding obstacles on the seabed. The example file Susp8tréather
Aquatic-Survey.dat file Table41) shows the data format for this type of situation. After the section with
the water layer parametess, header ‘' Suspended streamer used’ i s
not on the water bottom but suspended in the water layer. This is followed by the main section giving the
elevation of the streamer along the profile. This data set is frontlaesigrmodel with the cable 4 meters
below the water surface and 1.0 to 1.5 meters above an uneven seabed with a depth of 5.0 to 5.5 meters
below the surface. The water region is modeled by a fetément mesh. The vertical positions of the
nodes in themesh are automatically adjusted to take into account variations in the water thickness
(Figure47) with adjustments at the appropriate nodes to fit the actual depths of the electrodes along the
profile. Figure48 shows the pseudosetcion and inversion model for the example data file.
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Figure 47. Mesh used to model water layer.

(a) Survey with suspended electrodes in water layer
Ps.Z

0.0 16.0 320 48.0 64.0 m.

0.416
1.73
3.33
4.81
6.10
7.38
8.85
10.3
11.8

13.8

(b)

Measured Apparent Resistivity Pseudosection

Elev. Model resistivity with top hy. | ion 5 Abs. error = 2.5

4.0 16.0

60 - S -

-8.0
-10.0
-12.0
-14.0
-16.0
-18.0
=20.0

-22.0

T ] ..
0.200 0.356 0.632 1.12 2.00 3.56 6.32 11.2

Resistivity in ohm.m

Figure48. Example data set and inversion model for a sunidly avstreamer suspended in a water layer.
(a) Apparent resistivity pseudosection and (b) inversion model section.
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Table4l. Example data file for a survey electrodes suspended in a water layer.

Suspende®treamerAquaticSurveydat file

Comments

Survey with suspended electrodes in wa Title

layer

1.0 Unit electrode spacing

11 General array type

3 Non-specific sulkarray

Type of measurement (O=app. reg Header

1=resistance)

0 0 to indicate apparent resistivity given
2172 Number of data points

1 Indicates true horizontal-gistances
0 No I.P. data

4 1.0,0.00.0,0.0 2.0,0.0 3.0,0.0 0.15426

First 3 data points in general

4 2.0,0.01.0,0.0 3.0,0.04.0,0.0 0.15422

array data format. Note water

4 3.0,0.02.0,0.04.0005.0,0.0 0.15409

surface at 0.0 meter elevation

Similar format for other data

points

4 12.0,0.0 4.0,0.0 60.0,0.0 68.0,0.0 0.5335

Last 2 data points

4 13.0,0.05.0,0.0 61.0,0.0 69.0,0.0 0.7848§

Topography in separate list

Topographyinformation header for general array

1 True xdistance

8 Number of topography values

0.000;5.000 Topography x and z values

20.00;5.000 Note this is the elevation of the true water bottom.
28.00;5.500

30.00;5.500

34.00;5.500

40.00;5.500

47.00;5.000

69.00;5.000 Last topography data point.

0 No fixed regions

1 1 indicates survey with submerged electrodes

0.300;100.000, 200.000,0.0

Resistivity, left and right limits of water laye
elevation at top of water layer

1

Indicates surfacgeometric factor used

Suspended streamer used

Header to indicate survey with suspended streame

Type of suspended streamer informat

(O=streamer,1=true water bottom)

Header, to provide options for other types
information in future

0

Use 0 for now

Number of streamer elevation data points

Header

7

Number of values for streamer elevation profile

x and z coordinates of points on streamer

Header

0.00054.000

This section lists the x and z coordinates for

10.00;4.000

points along the streamer priafi

30.00;4.000

35.00;4.001

40.00;4.000

60.00;4.00

69.00;4.000

0,0,0,0

End with a few zeros
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Appendix E  Plotting with Surfer

Over the years, the menu system in the Surfer program has changed. This section describes a
method to plot the malts using the latest version Surfer 13 (as of May 2016). As an example, we will use
the inversion model saved in the RATCHRO.INV file which should be installed together with the
progr am. First, read in this -Realdefihethwet hDi splea
option. Next us e-—Modeldisplaip-il sgll ayles¢ opiogmaphy i n mod
display the model section. As example is shown in the figure below.

Rathcroghan Mound Line 00

WModel resistivity with topography
Iteration 6 Abs. error = 2.1

Elev.
6.00
4.00
2.00| 35,

00|
2.0
40

N D ..
0 .9 116 250 539 1160 2500 5386

Resistivity in ohm.m

Horizontal scale is 18.00 pixels per unit spacing
Vertical exaggeration in model section display = 1.00

First electrode is located at -36.0 m.

Last electrode is located at 96.0m.  Unit Electrode Spacing = 1.00 m.

Figure49. Example disfay with topography for the RATCHRO.INV file.

Note the contour intervals have been set with 25.0 as the first contour, and it increases
logarithmically by a factor of 10 after every 5 contours. After displaying the model section, select the
“ F-Maelexport-Save data in Surfer format’ option, whi

Saving inversion results in SURFER format

Flease select teration number: |
Y'ou can save the resistivity walues directly or the logarthm of the values.

' Sawve resistivity values directly " Sawve logarithm of resistivity values

Far model with topography and x-positionss given as surface distaces, you can save
an extra set of Surfer files using the stretched linear distaces.

* Do not save extra set of files " Sawve extra set of files.
Flease selectthe walues thatyou want o sawe in SURFER farmat.

Tywpe of section. Availablel™  Type of section. Ausailablel?)

%
%

[ Calculated apparent resistivily
[ Model conductivity
[ Model conductivity with topography

[ Measured apparent resistivity
[ Model resistivity
v Model resistivity with topography

%
0

)
%1

[~ Measured apparent |.P. [ Calculated apparent |.P. -
[~ Model |.P. I Model |F. with topography .
[ Model resolution values [ Model resolution per unit area -

Give model IPvalues as metal factor walues? * Mo " “eg

0].8 | Cancel

When you click * Ok’ with the above settings,
folder as the RATCHRO.INV file. They are text files that you eé&w with a text editor such as
NotePad.

Rathcro_topres.dat Contains the model resistivity values and the centers of the blocks.
Rathcro_topres.blr Surfer blanking file to blank out regions outside the model section.
Rathcro_topres_post.datFile with positions of electrodes.

Rathcro_topres.Ivi:Contains the contour values and colors.



128

To use the files, with Surfer, first you need to create a grid file. Start up Surfer and select the

‘ FiNeweP|l ot ' option i f necessowmbglont o get the menu sy
@ Surfer - [Plot2]
@ File Edit View Draw Arrange | Grid | Map Geoprocessing Tools Window Help
e Bl & Data. b GOS8 $88AOEFO®
X dyo0 LW ..JQ Grid from Server... lﬂl e F R~ L. 3 ‘ - - -
Object Manager w QX |  Variogram »
% Function... - - -
lj:.;;;m dord |.4| Ll Iw"].\ Lol ||.|‘I.|‘2|.|‘I.|.| Lol |.1[ rl o |D]w )
Vi Caleulus.
B Filter...

'\ Spline Smooth...
=} Blank...

fa) Convert..

[ Extract

Ci_'4__ Transform...

Q Mosaic...

5 Volume...
=) Slice...
1'1 Residuals.

5% Grid Node Editor...
§ Assign Coordinate System
55 Grid Info...

=

Sel ect -Data’™ Gopwi on, and then read in the 'R
display a dialog box with the default settings to contour the grid file. You should change the number of
nodes to 5 to 10 times the values sugegbsty Surfer to ensure the sides of the section are smooth in your
plot. In the figure below, the default values given by Surfer are 100 by 13 nodes, which have been
changed to 1000 by 130 nodes. Surfer has a number of gridding options to interpolati thalLees.

Some methods that use a polynomial, such as the
model resistivity values if there are large variations in the resistivity values. In the figure below, the
“Triangul ation o't hhmdtimedri § ndelrpotlead ito avoid ne

Grid Data - D:\Work\Geotormo\Manuals\manual2d\Res2dinvi32xed 4 .. ? *
Data Columns ({1170 data points)
X: | Column A: Xdocation b Filter Data...
¥: | Column B: Elevation b View Data Cancel
Z: | Column C: Resistivity ~ Statistics Grid Report

Gridding Method
Triangulation with Linear Interpolat ~ | | Advanced Options... Cross Validate...

Grid Line Geometry

Minimum Maximum Spacing # of Nodes

X Direction: | -33.539 | 92384 | |0.125029025 | | 1000 s
¥ Direction: | -10.16200001 | | 4.84 | |0.1182845737 | | 130 3
Grid Z Limits ;

Z Transform: | Linear o
Minimum: | None e

[ ]Blank grid outside convex hull of data
Maximum: | None = 0

Output Grid File
D:\Work'\Geotomo Manualsimanual 2d\Res2dinvx32x64_4 05\Ratchro-Surfer\Rathere| (2

Sel ect ‘ OK’ and then Surfer wild.l interpol ate the
that will be saved in a file *‘Rathcro_ thegttunabs. grd
model secti onBl asrek’'ecadommeaend,Gramdd then read in the
ask for a blanking file. Read in the *Rathcro_to
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will ask you the name of theuot put grid file. You can set a name
wi || now use this new grid fNeWw®o ntoo udrr aMhva pt'h eo psteicatr
in the ' Rathcro_topres_bln.grd’” file.

@ Surfer - [Plot2]

@ File Edit View Draw Arrange Grid @ Geoprocessing Tools Window Help
O|e B E Ly les LD New » |[E§ Base Map from Server.. D+ FE N .-
% 0 20 S w0 Add » @ Base Map... - iiA . @ -
Object Manager v B X 4 ¥ Measure {1 empty Base Map...
[ ]]i oigitze & contour Map.. TR AR TN
: 8 Trackball |5 Post Map... —
i | Stack Maps |21 Classed Post Map...
E Overlay Maps D Lagelblapt
- Break Apart Layer 4 Shaded Relief Map...
t: | Edit Post Labels... 2] 1-Grid Vector Map...
= Edit Contour Labels... #12) 2-Grid Vector Map...
:: 4| Export Contours... ] watershed Map..
; =) Open Attribute Table... ,., 3D Wireframe...
4 & Query Objects... ‘, 3D Surface...

Surfer will draw the contoursand dismy t he section. -RMexthrol tolprelse b
in the Object Manager near the tbpe f t section of the Surfer windov

Manager'’ section below it. The opt i onoostourswalueshe Pr
and fill the contours with colors by select the
Surfer Object Manager Property Manager for grd object
. Property Manager - Map: Contours-Rathcro_t.. » & X
Objed: Manager vEX d Coordinate Systemn Info
=& Color Scale ” General Levels Layer
E‘E....} Map Data range (24.426371354738, 13776.096996...
. . 1= General
: nght Axis Level method Legarithmic R
[t Left Auxis Minimum conto... 10

TOp Axis Maximum cont... | 14000

|.‘T‘|.|.|.|.|.|.|.W

. Minor levels per ... 8 -
e Bottom Axis P
BGIP | Contours-Rathcro_topres_bln.grd Fill contours
Fill colors -:. Rainbow
Color scale O

1= Major Contours
Line properties
Show labels
1=/ Minor Contours
Line properties
Show labels O
1= Labels
Font properti...

Label Format | d.dddddddddddddd
Orient labels up... O

To use the same contour values and colors as

t ab, sel ect the *Advanced’ boe.pti on which wil/| s ho\
Property Manager - Map: Contours-Rathecro_t.. « 3 X
Coordinate System Infa
General Levels Layer

Data range (24.426371354738, 13776.096996...
= General

Level method Advanced ~

Contour levels Edit Levels...
= Filled Contours

Fill contours

Color scale O

Click *"Edit Levels’ which will show the foll owi ng
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Levels for Map: Contours-Rathero_topres_bln.grd ? =
Level... Line. .. Fill... Label... Hach... " Add
10 — [ Yes No
= D o N —
30 [ No
Load...
0 T e No
< e R e
60 [ No
7 T e No
80 I No
90 [ No
100 B ves No
200 N o No
ann ——————— K ¥
OK Cancel
Sel ect the ‘Load’ option and read in the ' Ra

model section will be redrawn using the same contour values and colors as in the Res2dinvx6% progra

The next step is to load the file containing the positions of the electrodes so that they will be drawn on
top of the section. Click the ®Rathicoon_ dopwesohl m
in the *“Object Mamaddr 'bewisned cew tsead .t {AdtP eistt t bay er '
option as shown below.

cEemTmy .

@ File Edit View Draw Arrange Grid | Map | Geoprocessing Tools Window Help
i Beb Al n & plew ‘O $#DETIAHANTFEEE S
i % 0929381 4 % 5042901 2w add M| [ Base Layerfrom Servr... Fa [~ ] g ik T 55 00 g A B L [ @ e
Object Manager w |&F Measure Igé Loy
~[7] 5 ColorScale il Digitize £3 Empty Base Layer.. | | | g : | | 2] |
E}m Map @ Trackball ’ijé Contour Layer... 1 1 1 1 L 1 1 1 1
| Right Asxis N @o Past Layer...
E Left Axis qm)| Stack Maps =
- ) . ’5_.,2, Classed Post Layer...
Top Axis @) Overlay Maps
[¥] ... Bottom Axis @) Break Apart Layer L_“’ Image Layer...
5| Edit Post Labels... 5§ shaded Relief Layer..
’:j':g Edit Contour Labels... ’EJ’ SR B
Erpoieoricar % 2-Grid Vectar Layer...
2| open attribute Table... EI“’ R
# Guery Objects... g 3D Wireframe Layer...
E :}C’EJ . ‘a 3D Surface Layer...
l Eo Left Axis
1 & Right Axis
- .......c Top Axis
1l g Bottom Axis
1 fo Z Auis
9_ t% Scale Bar
] E Graticule...
p ke Profile...
t @ Viewshed...

Read in the ‘Rathcro_topres_post.dat’ file. S
Select ‘Yes’ and it wild.l auttomat ifciatlsl yt haed jpuosstt tnh
Manager'’ window youwRawihHrlo nowoses postPodadat’ me mb
‘' Map’ | abel . Click this member so that the *Pro
shown. I mt yt hMa rnt &Pg eorp’e, click the ‘Symbol"’ tab, a |

wi || show the different options to set the symbo
set’ was changed to *“Arial’ a Riglre 50h Ehe @hgrmchaoge to7 1 9

o draw a |ine joining the electrodes to
k the box next the ‘“Connect points’ WwWinht¢

make i s t
then clic
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The post icon in the Object Manager  The *Symbol’ options in Property Manager The 'General’ options in Property Manager
Object Manager v I -
- == Color Scale Property Manager - Map: Post-Rathero_topre.. w & X k .
é {1 Map Layer Coordinate System Info - Property Manager - Map: Post-Rathero_topre... w & X
| Right Axis General Symbel Labels BB Layer Coordinate System Info
LeftAxi.s = Symbol = General Symbol Labels F
Top Auis Symbel column  Nene b E [=I Data Filename
Bottom Axis -
; & Symbol prop... | ~ E Data file DAWork\Geotomo\Ma... 3 [l
" [v] [ Contours-Rathero_topres_bln.grd Symbol ~ (Symbol 719) ]| = = Worksheet Columns
Symbolset | Arial || | ® coordinates Column & X-location
Fill color | [N 3 ¥ coordinates  Column B: Z-location =~k
Fill opacity 100 % 1l 4 I Worksheet Rows
linecolor  [lBIack g First row 1 =
Line opacity 100 % 1 1 Last row 134 Al
=1 Symbol Angle S Frequency 1 z
Angle column MNene > E [=I Connection Line &
Default angle (d... 0 I | Connect points
I=I Symbol Size E Line properties
Sizing method Fixed size e =
Symbol size 0.1in il 2
I=I Symbol Color A
Color column MNone A 3
Color method MNumeric via colormap =
Symbol colors -:l GrayScale E

The final output is shown in Figure 50. There will be sligifitedences in the contour sections
drawn by SURFER and RES2DINV due to the differences in the interpolation methods used. SURFER
does not use the original data points, but an interpolated rectangular grid of points to draw the contours.
The differences wilprobably be more obvious in areas with very rapid changes in the resistivity. One
way to reduce the differences is to increase the number of grid lines used by SURFER for the
interpolation grid.

137771
7905.7
5386.1
Rathcrogan Mound 3669.5

\ i L | l | | i 2500

5 3 — 1703.2
1160.4
| ; 790.6
o : 538.6
- k 366.9

250
170.3
116
79.06

\ I T | | T 53.86
-20 0 20 40 60 80 36,60

] 25
Distance 0

Figure50. Plot of the RATCHRQNYV file output using Surfer.

Elevation
Resistivity

10|
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Appendix F  Depth of investigation (DOI) calculations

The DOI method (Oldenburg and Li 1999) attempts to assess the parts of the inverse model that
are well constrained by the data. The lesapiares optimization equation risodified to the following
form (see section 11.2.5),

(973 +/ (F+ m))pq=3"g - /Fq, - / fa, - q,,).
The reference modejn, is usually a homogenous model with the average apparent resistivity value. In
the DOI method, two inversions are carried out with difference referendels) such as with oftenth

and ten times the average apparent resistivity values. From the model resistivity values, the following
depth of investigation (DOI) index is calculated.

R(x, 2)= (% 2)- a(x.2)

Ors - Oz

Om1 and gmz are the resistivity ofifst and second reference modelg(x,z) and gx(x,z) are model cell
resistivity obtained from the first and second inversidRswill approach a value of 0.0 where the
inversion will produce the same cell resistivity regardless of the reference modgvitgsn areas that
are well constrained by the data. In areas where the data do not have much information about the cell
resistivity, R will approach a value of 1.0 as the cell resistivity will be similar to the reference resistivity.
Thus, the model sistivity inareaswherBhas smal |l values is considered
with highR values are not reliable.

The model used to calculate the DOI index use cells that extend to the ends of the survey line,
and a depth range of about thr® five times the maximum median depth of investigation of the arrays
in the data set. This ensures that data has minimal information about the resistivity of the cells near the
bottom of the model, i.e. in theory the bottom cells have DOI values ofkallrta However, if the model
does not extend sufficiently far downwards or the reference damping faistboo small, the maximum

DOl value might be much | ess than R)c@nbedsead. ltssuch ¢
given by

(F.1)

L
Rmax
where Rmax can is the maximum DOI value. Some model sections might have small local artifacts that
mi ght result in irregul ar DOI contour s. The ' Sn

average of the DOI value for a particular mockdl with the DOI values for the neighboring cells around
it. An example of this plot is shown in Figure 51.

Wenner beta array - Block Model
Depth Iteration 4 RMS error = 1.89 %
0.0 2.00

8.00 . . X m.
0.125

0.994
215
313
4.31

574

7.47
8.47
9.56

10.8
Model resistivity section
(I ) [ () (.
750 10.6 150 21.2 300 424 600 849
Resistivity in ohm.m Unit electrode spacing 0.500 m.
Depth Iteration 4 RMS error = 1.89 %
0.0 2.00
0.125
0.994
215
3.13

431
5.74
7.47
8.47
9.56
10.8

i depth of i igation section
I N (N [ (O (O N (] (N .
0.025 0.075 0.125 0.75 0.225 0.275 0.325 0.375

Smoothed normalized DOI Unit electrode spacing 0.500 m.

Figure51. Example DOI plot for the beta.dat fil€he top section shows the inverse resistivity model
where the secahreference model was used. As such, the inverse model values tend to be higher towards
the bottom of the section as it trends to the reference resistivity used. The second secti®@Ok the
section plot. If a DOI contour value of 0.1 is used as the tptifit, the maximum depth of investigation

in the middle of the survey line is about 3.5 meters. This DOI contour line becomes gradually shallower
towards the ends of the line where there is less data.
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DISCLAIMER

This software is provided "as is" withbany express or implied warranties including its suitability for a
particular purpose. Neither this company nor the subagent will assume responsibility for any damage or
loss caused by the use of this program. In the event of program bugs, everyiéfb@tmade to correct

the bugs. Registered users are entitled to free software updates and support for the first year. After the
first year, there is an annual fee for software updates and technical support. Howeweiyitiad

software version providednd downloaded updates released up to one year after the software purchase
can still be used indefinitely if the user chooses not to upgrade. Please contact Geotomo Software Sdn
Bhd (geotomosoft @utlook. com or s ®ree@aamgh s gcengau
page on the www.geotomosoft.com website, for the annual fee that is applicable to your license.

SUPPORT
Please contact your distributor if you have any questions concerning this program. A frequent source of
gueries is when the ressilobtained are not what you expect, or the program refuses to accept your data
file. In such a case, support will only be provided if a copy of the data file is sent together as an
attachment with your email, preferably compressed into a ZIP file. Theamsnon causes of problems
are (a) the data in the DAT file is not given in the correct RES2DINV format (b) excessive noise in the
data set (particularly for dipolgipole surveys and/or IP data sets) (c) instrument malfunction or field
survey errors. lis only possible to trace the source of the problem if a copy of the data file is provided.
Please note that support is only available for registered users of the full version of the program. It is not
possible to provide technical support for users tef demo version of this software. For technical
support, you can contact the software provider by email at the following addresses. Please attach a copy
of your data file to your email.

geotomosoft@gmail.com, support@aarhusgeosoftware.dk
The following infamation will be required before technical support is provided.
1). Your license number. This ID number is displayed near the middle of the initial information box
when the RES2DINV program starts up if the program has a valid license.
2). The name of yourompany or institution.
3). Approximate date your company/institution purchased the software.

If you purchased the software more than one year ago, please contact Geotomo Software Sdn Bhd
(sales@aarhusgeosoftware.dk) on renewing the support.
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What 6s New

Version 3.00- Major upgrade to Windows 3.1 and 95. Maximum number of electrodes increased to 500.
Multi-tasking support for Windows 95. Support for any Windows compatible graphics card and printer.

Version 3.01- Improvements to finitalifference subroite to calculate the Jacobian matrix which is
now about twice as fast as the earlier versions.

Version 3.10- Support for underwater surveys. Direct incorporation of topography into inversion model
using a distorted finitelement grid.

Version 3.11- The time taken by the finitelement subroutine to calculate the Jacobian matrix is
reduced. An option to use a finer mesh for the fidifeerence or finiteelement forward modelling
method is added.

Version 3.12- Noni nt eger v an’ u €& sa afthe dipolédipele, poledipole and Wenner
Schlumberger arrays supported (please refer to Appendix A). The maximum limits for the number of data
levels and model layers increased to 52 and 17 respectively.

Version 3.13- The ratio of the largest electredpacing to unit electrode spacing for the Wenner and
polepole array was increased from 32 to 64. The maximum number of data levels is now 64. The
maximum number of model layers was also increased to 18.

Version 3.20 Support for IP data added.

Version 3.21- The maximum number of electrodes was increased to 650. Improvements has been made
to the diskmemory swapping subroutines so that for a given amount of RAM the number of datum
points the program can handle is increased. For computer systemsauétthan one hardisk drive,

the program will automatically select the drive with the most free disk space to store the temporary disk
swap files.

Version 3.22- Slight improvements to the use of memory in the IP inversion section. The size of the IP

da@ set that can be handled for a given amount of memory was increased. An option to optimise the
damping factor automatically during the inversio
dipole array added (see Appendix A). Support for a comninadhatch mode included (see Appendix ).

An option to plot the model section in the form of rectangular blocks was also added.

Version 3.30- Support for crosdorehole surveys added. An option to allow the number of model
parameters to exceed the numbedatum points was also added.

Version 3.31- An option for a used defined model added. In this model, the user specifies the thickness
of the first layer and the factor to increase the thickness for each subsequent deeper layer. The program
will also automatically update the directory used for the input data files and the output inversion files
listed in the RES2DINV.INI file.

Version 3.32- An option to extend the subdivision of the subsurface into blocks to the edges of the
survey line was added. Opnm to display the uncertainty in the model resistivity values was also added.
Version 3.33- An option to incorporate the effects of the remote electrodes used in surface resistivity
surveys with the polpole and polalipole arrays was added.

Version 334 - A few bug fixes. The user can now scale the depths of the model layers so that the depth
to the last layer can be much greater than the default limit allowed by the program. When the program
saves the model values in the XYZ format, it will now alagesthe coordinates of the corners of the
blocks in the model. An option to use a very fine mesh in the vertical direction for resistivity contrasts of
greater than 250:1 was added, as well as an option for 6 nodes in the horizontal direction between
adjaent electrodes.
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Version 3.35- The user can now set the maximum number of electrodes, from 150 to 1500, via the
JACOBWIN.EXE program. Drawing of colour contour sections is now significantly faster on most
computers.

Version 3.36- A robust leassquares nver si on option was added. For v
resulting model will be less sensitive to such datum points when the robust data inversion method is
selected. For areas where the subsurface geology has sharp interfaces, the radustvension method

will give better results.

Version 3.40- Support for norconventional arrays for resistivity surveys.

Version 3.41- Two new methods for topographic modelling using a damped distorted grid and the
inverse SchwartZhristoffel transfamation added.

Version 3.42- Support for remote electrodes for IP surveys.

Version 3.43- Support for the Wenner Gamma array, and underwater surveys witbongantional

arrays. Maximum number of electrodes increased to 2000. The program has alsptingisacbfor data

sets where the unit electrode spacing has been reduced by half of the actual value so as to get a model
where the width of the blocks is half the usual size. This helps in cases where there are very large lateral
resistivity variations rar the surface.

Version 3.44- Support for IP surveys with nesonventional arrays. This feature is useful in some cases
where data from a series of overlapping collinear 1D sounding survey lines can be combined into a single
2-D data set to obtain a2 model.

Version 3.45- Option to save results in SURFER format added. Also support for surveys with some
electrodes underwater and some electrodes above the water surface level added.

Version 3.46- Minor additions for data in general array format. Optioruse a model with half the unit
electrode spacing for data in general array format is added (see the file RATCMIX2.DAT for an
example). It is now possible to carry out the inversion of data in the general array format with the demo
version, but the re#s will only be displayed temporarily on the screen during the inversion. The
damped distorted grid finitelement method is set as the default method for topographic modelling.

Version 3.47- An option to carry out the inversion of IP data sequentiag added. Slight changes in
the menu structure.

Version 3.48- Support for up to 4 boreholes in crdssrehole option.

Version 3.49— Incomplete GausBlewton inversion option added. Maximum number of electrodes
increased to 4000, and maximum numbedata points to 20000. Option to combine a humber-Df 2
data files in RES2DINV format into a singlelBdata file in RES3DINV format added.

Version 3.50- Bedrock edge detection and tistzgpse options added.

Version 3.51 Option to include data noisetesates included.

Version 3.52— Option for surveys with floating electrodes added. Support for topography in cross
borehole surveys included.

Version 3.53- Sparse inversion option for very long survey lines (2000 to 16000 electrode positions)
added. Tis method inverts the entire data set and model at a single time to produce a continuous and
seamless model. New format for batch mode option script file which makes use of the files containing the
inversion parameters produced by the RES2DINV program.

Version 3.54- Option to include boundaries of layers from seismic or borehole surveys added.
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Version 3.55- Support for the multiple gradient array added.
Version 3.56- Support for the offset poldipole array added.

Version 3.57— Support to incorporat water layer into the inversion model for surveys with floating
electrodes added.

Version 3.58- Support for global coordinates added.
Version 3.59- Support for timdapse crosd®orehole data added. Support for inclined boreholes added.

Version 3.70 Rta- Trial version with support for muliore PCs. New inversion algorithm for time
lapse data. Complex resistivity inversion method for I.P. data.

Version 3.71- Option to calculate model resolution values. New tlapse method support for cress
borelole data.

Version 4.00- 64-bit version that can access more than 4 GB RAM. This greatly increases the maximum
size of the data set and model that can be handled. Supports up to 30 time serieddpséiraerveys.

Version 4.01- Options to extend thieorizontal range of inversion model and fast calculation of Jacobian
matrix for dense data sets added.

Version 4.02— Option to collate data from-R lines that are not parallel or orthogonal in the
Res3dinvx64 arbitrary electrodes format. Option fongdi-curve method to estimate optimum damping
factor added.

Version 4.03- Support for more than one water layer for underwater surveys added.

Version 4.04- Support for survey with electrodes on the ground surface and water bottom across water
layer with a limited extent (such as a dam) added. Support forléipse I.P. data

Version 4.05- Support forunderwater surveys with electrodea a streamesuspended in the water
layer with the entire water layer modeled by the figiklement mesh. Option fix resistivity of regions
above and below sharp boundary added.

Version 4.06- Depth of investigation (DOI) calculations added. Option to display sequential changes in
time-lapse display.

Version 4.07 Options to display correlation plots for the datsfits added. Support for BMP, JPEG,
PNG, TIFF and GIF bitmap graphics file formats.

Version4.08-Opti on to remove a series of data points
using mouse right click the first and last data point in ailprd¥lodel with borehole electrodes saved to

xyz file with global coordinates if present. Option to save output model in Paraview vtk fordmat.
model values automatically saved with resistivity values and a second vtk file is automatically generated
if global coordinates presemtarhus Geosoftware online copy protection system implemented to replace
USB dongle system.
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